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ABSTRACT

The purpose of this study is to screen and to chenae the bacterial
producing xylanase. The scopes include screeningytanase producer and
characterization of microorganisms and analysisnayme. This research was about
an alternative to produce xylanase instead of uagrgcultural and forestry wastes,
paper industry wastes, and various fruit wastdse Screening procedure was started
from collecting soil sample until growth of bacteon selective agar plate to screen
the best xylanase producer from sample. After, tixgtanase producer was
characterized based on morphology using four tgjf@sorphological test. Besides
that, the enzyme needs to be analyzed in diffgpehtand temperature in term of
protein content and xylanase activity. The optimxytanase activity obtained was
72.667 U/ml at pH 6 and 65°C.



ABSTRAK

Tujuan utama kajian ini adalah untuk memencilkan oheencirikan bakteria
yang menghasilkan enzim xylanase. Skop kajiandsuklah pemencilan bakteria
yang menghasilkan xylanase dan pencirian baktemaahzim. Kajian ini adalah
tentang alternatif lain untuk menghasilkan xylanasdain menggunakan sisa
pertanian dan perhutanan, sisa daripada perindandtgrtas, dan sisa buah-buahan.
Prosedur pemencilan bermula daripada pengumpulanpedatanah sehingga
pembiakan bakteria pada agar untuk pemencilan hakiang terbaik yang
menghasilkan xylanase daripada sampel tanah tdérseelepas itu, bakteria yang
menghasilkan xylanase dicirikan mengikut morfologenggunakan empat jenis
ujian morfologi. Selian itu, enzim xylanase jugdah dianalisa dalam pelbagai
perbezaan pH dan suhu berdasarkan kandungan prdésinaktiviti xylanase.
Keputusan kajian mendapati aktiviti xylanase optimalah 72.667 U/ml dalam pH
6 pada suhu 65°C.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

1.1.1 Screening Xylanase Producer From Soll

Xylan is a polysaccharide found in plant cell wallt is found in almost all
parts of the plant. In plant biology, xylan is kioas plant cell wall polysaccharide
containing a backbone oB-1,4-linked xylose residues. Side chains of 4-O-
methylglucuronic acid (glucuronoxylan) and arabad@arabinoxylan) are present in
varying amounts, together with acetyl groups. Xwan be successfully applied to
almost any clean, dry, oil-free surface. In faélog only materials to which it will not
adhere are those, which have inherent releaseatbastics such as polyolefins and

fluoropolymers.

Endoxylanase (1,8-D-xylan xylohydrolase; EC 3.2.1.8) are the main
enzyme involved in xylan hydrolysis. Endoxylanasegrade plant cell wall
polysaccharides by cleaving internal glucosidic drof xylan (Coughlan and
Hazlewood, 1993). Xylanase deconstructs plant stratmaterial by breaking down
hemicellulose, a major component of the plant eedlll. Plant cell walls are
necessary to prevent dehydration and maintain palysitegrity. They also act as a
physical barrier to prevent attack of plant pathsgeln nature, some plant
consumers or pathogens use xylanase to digest tackatplants. Many
microorganisms produce xylanase, but mammals do 8ome herbivorous insects

and crustaceans also produce xylanase.



The xylanase enzyme (endo-B4ylanase, EC 3.2.1.8) fromirichoderma
sp. has a pl of 9.0 and is produced by fermentatiylanase consists of 190 amino
acids and has a molecular weight of 21 kD. Xylasabelong to the glucanase
enzyme family and are characterized by their ghititbreak down various xylans to
produce short-chain xylo-oligosaccharides. Xylanassadily crystallizes in
ammonium sulfate and sodium/potassium phosphatssa@H 3.5 to 9.0. Xylanase
can also be crystallized with other salts, polymarsl organic solvents. Xylanase
solubility increases with increasing temperature nmoderate concentrations of
ammonium sulfate. Xylanase solubility in phosphatd 9 decreases in the
temperature range of 0 to 10°C but remains constahe range of 10 through 37°C.
Xylanase has been extracted from many differengifand bacteria. It is commonly

used in animal feeds, paper production, and fooduation [2].

There are a few organisms that have been repasteglanase producer such
as Bacillus circulans (Heck et al., 2005), Enterobacter sp. MTCC 5112
(Khandeparker and Bhosle, 2008aphylococcus sp. SG-13 (Guptat al., 2001),
Trichoderma harzianum 1073 D3(Seyis and Aksoz, 2005), arfireptomyces sp.
(strain Ib 24D) (Rawashdedt al., 2005). Bacillus circulans and Enterobacter sp.
MTCC 5112 are isolate from aquatic ambient wistaphylococcus sp. SG-13 is
isolated from agricultural residue3richoderma harzianum 1073 D3is isolate from
natural wastes (orange pomace, orange peel, medah mazelnut shell) but

Sreptomyces sp. (strain Ib 24D) is isolate from soil samples.

1.2 Problem Statement

In the last decade, production of xylanase enzlyaseattracted the attention
of many researchers, as these enzymes are esdentidle degradation of plant
biomass. Xylanases have potential applicationkenpulp and paper, food, feed, and
beverages industries. For commercial applicatiotydanases should ideally be
produce quickly and in large quantities from simpled inexpensive substrates.
Natural xylan sources such as agricultural andstoyavastes, paper industry wastes,

and various fruit wastes are potential raw mateidal xylanase production. As



xylanases have a wide range of application, ecocadrproduction of these enzymes

is of great importance (Seyis and Aksoz, 2005).

Fungi produced most of the enzymes. Due to tlet fhat fungi are
hazardous, other methods in producing xylanasefewagl in bacteria. The bacteria
can replace the fungi that give slower effect afrdeing waste. Besides, bacteria
are more compatible and robust compare to fungji.thls study, it is focus on
bacteria in soil as a new source for producing ngte. The bacteria will be
cultivated to extract the enzymes needed and therglproduced in a large quantity

for industrial purpose in order to minimize raw evél costs.

1.3  Objective

The objective of this study is to screen and toratterize the bacterial

producing xylanase.

1.4  Scopes

The scopes of the research consist of three parts:

i) Screening of xylanase producer.

i) Characterization of microorganism.

iii) Analysis of enzyme.



CHAPTER 2

LITERATURE REVIEW

2.1 Hemicellulose

Hemicellulose is a group of complex carbohydrateat,t with other
carbohydratese(g., pectins), surround the cellulose fibres of plaalisc While
cellulose is crystalline, strong, and resistanthiarolysis, hemicellulose has a
random, amorphous, structure with little strengdlemicellulose consists of shorter
chains compare to cellulose — around 200 sugarsasnbpposed to 7000-15000
glucose molecules per polymer seen in cellulose.addition, hemicellulose is a
branched polymer. The most common hemicellulosestan xylans (many
molecules of the five-carbon sugar xylose linkegetber), a uronic acid.¢., sugar
acid), and arabinose (another five-carbon sugBig@micelluloses have no chemical
relationship to cellulose [8]. Hemicelluloses hdkie property of being soluble in
dilute alkali. They are usually classified accoglito the sugar residues present
xylan, mannans, arabinans, and galactans. Mostcedaoloses do not occur as
homopolysaccharides but as in the side chain oeragames. These may be D-
xylose, L-arabinose, D-mannose acid, O-acetyl gsarderuloyl and coumaryl ester

linked via L-arabinose residues to the backbonesigGlan, 1989).



2.1.1 Xylan

Xylan is a yellow, water-soluble, gummy polysacati@rfound in plant cell
walls and yielding xylose upon hydrolysis. Xylaren be hydrolyzed bfy-xylanase.
Xylan is the most abundant hemicelluloses, ranlsagond only to cellulose and
constitutes up to 35% of the total dry weight psant Xylans consist of a
homopolymeric backbone of 1-linked-D-xylopyranose units depending on its
origin the backbone may be sustituted (CoughlaB919 The xylans are the major
hemicelluloses of many plant materials where thiggnocontribute to the rigidity of
plant cell walls. Wood xylans are either O-accdtyD-methylglucuronoxylans (in
hardwoods) or arabino-4-O-methylglucuronoxylans qaftwoods). The degree of
polymerization hardwoods xylan (150-200) is higtiem that of softwoods (70-130)
(Gray and Michael, 1991).

B xylose v
© glucuronic acid

¢ arabinose

[ galactose

v/ ferulic acia O
v acetyl

Figure 2.1 : Structure of the xylan [11]

2.1.2 Application of xylan

Xylan can be successfully applied to almost anarlalry, oil-free surface.
In fact, the only materials to which it will not lagre are those, which have inherent

release characteristics such as polyolefins amadfolymers [12].



2.1.2.1Metals

Almost every structural metal can be coated sufasswith xylan,
including steel (carbon and stainless), aluminumoQght and cast), copper (and
alloys), and titanium. High nickel- and chrome-tieg alloys, and some platings of
nickel, can also be coated if abrasive blastingsied and the coatings are applied

within an hour or two of preparation.

2.1.2.2Plastics

Many plastic materials can be coated successfulth wylan, including
nylon, PEEK, PEK, PPS, ABS, polycarbonate, epoxyygster and phenolic. The
exceptions are the polyolefins and fluoropolymerboth of which have natural
release characteristics. Also, vinyl products aorihg a high content of plasticizer
can cause adhesion problems. Parts made of thaterials must be cured at
temperatures well below the softening temperattitheosubstrate to avoid distortion
and polymer degradation.

2.1.2.3Elastomers

Some xylan coatings may be applied successfullglagtomeric parts not
expected to elongate more than about 30% in servitlengation greater than this
may cause the coating to crack. If a discontinucosting is not objectionable,

elongation far greater than 30% is permissible.

Elastomeric parts successfully coated with xylarlude bushings, mounts,
automotive door and window seals, and vibration plens1  Suitable substrates

include natural rubber, EPDM, SBR, butadiene anddfrivatives.



2.1.2.4Glass and ceramics

Fluoropolymer coatings will adhere to clean ceramicglass surfaces, but
curing the coating without cracking the substraga be difficult. (If possible, use
glass or ceramic intended for high temperaturés)most cases, a low-temperature
cure (below 150°C/300°F), followed by a slow coolash period, will not crack the

substrate. For glass parts, coating adhesion mayproved by fluorine.

2.1.2.5Fabrics and composites

Xylan coatings are being increasingly used on wowm non-woven
industrial textiles made from such modern materascarbon fibre for low friction
and release at elevated temperatures. One of ts¢ successful applications of
xylan involves a fabric bearing which is woven franmylon/glass blend, then coated

and cured.

These composite bearings are used under the cosoprbtades of large
fanjet engines. The natural porosity of fabricsie sponge-like "wells" into which
the coating can penetrate. In service, this esdpply can continue to provide PTFE
to a wear surface long after the coating has wevayafrom a smooth substrate.
Xylan adheres well to other composites too, pravideease agents have not been

applied to the material.

2.1.2.6 Paper and wood

Xylan adheres well to uncoated or unvarnished pgpeducts as well as
wood. As unlikely as it may seem, the coatingsqrenfevery bit as well as they do

on metal and other substrates. Cure temperatorddshot exceed 180°C/350°F.



2.2 Enzymes in Soils

Enzymes are proteins that act as catalysts by exatielg rates of reaction
without undergoing permanent change. Enzymespaefg activators because they
combine with their substrates in stereo specifshian that decreases the stability of

certain susceptible bonds, which reduces the eredrggtivation of reactions.

In soils, enzymes can exist intracellularly (insie cytoplasmic membrane),
which is of course important in cellular life preses. In addition, enzymes can
exist outside the cytoplasmic membrane, in thepfesimic space or cell surface, and
as extracellular enzymes in soil solution or stabd in the soil matrix. It is
generally assumed that soil enzymes are largelyiofobial origin, but it is also
possible that animals and plants may contributeyrees to soils. The activity of
approximately 100 enzymes has been identified ifs.soThe soil enzymes most
often studied are oxidoreductases, transferaseshgdrolases. Some hydrolases
and transferases have been extensively studiedisecd their role in decomposition
of various organic compounds and thus are importantutrient cycling and
formation of soil organic matter. These includeysmnes involved in: the C cycle,
i.e., amylase, cellulase, xylanase, glucosidase, iamertase; the N cycle, i.e.,
protease, amidase, urease, and the aminase; e ice., phosphatase; and the S

cycle, i.e., arylsulfatase.

A relatively small amount of any enzyme can bedliyeextracted from soil;
therefore enzymes are mainly studied by measurctyyity. The activity of
enzymes varies temporally (seasonal), which oftemresponds to microbial
community responses to the environment, vertiq@écreasing from the surface), at
microscales, according to microbial community disttion, and at landscape level,
where soil type is a major controlling factor (peutarly textural distribution and

organic matter).



Table 2.1 : The response of enzyme activities to the type gétation and soil
(Danielet al., 2005)

Soil enzyme
activity

Range of activities

Vegetation/soil type

Xylanase activity

13-24 (mg glucosey
per 24hr)

Spruce forest/n.k.

0.28-8.0 (mg glucose d
L per 24hr)

Beech forest/n.k.

1.8-3.0 (mg glucose g
per 24hr)

Grassland/orthic luvisol

0.24-1.83 (mg glucose
g™ per 24hr)

Agricultural land/haplic luvisol,entiso

B-Glucosidase

20-55 {ug p- Grassland/pachic arguistoll
nitrophenol & hr?)

36-160 (1g p- Forest/Haplohumult

nitrophenol & hr?)

13(C-310 (g p- Crop rotation/hapluda

nitrophenol & hr?)

71-86 {1g p- Crop rotation/pachic ultic argixerolls
nitrophenol & hr?)

41-253 (1g p- Crop, manured soil, pasture/typic

nitrophenol & hr?)

haploxeroll

Protease activity

150-520 (g tyrosine

Agricultural land/haplic chernozem

g* per 2 hr)

224-514 (g tyrosine | Pasture/typic dystrochrept

g* per 2 hr)

120-430 (g tyrosine | Wheat seeds/loamy sand

g™ per 2 hr)

198-288 (g tyrosine | Crop rotation/haplic luvisol

g™ per 2 hr)
Arginine 2.5-5.0 4g N g* hr") | Grassland/pachic arguistoll
deaminase 1.7-2.0 ig N g* hr') | Crop rotation/phaeozem, lithosol,
activity cambisol

4.C-11.0 agNc'hrh

Forest/sandy soil

0.1-1.3 wg N ¢ hr)

Crop rotation/fluventic ustochre

Arylsulfatase 30-50 fug p- Grassland/pachic arguistoll
activity nitrophenol & hr?)
115-340 (g p- Agricultural land/hapludoll
nitrophenol g hr?)
6.9-213 (19 p- Pasture/typic dystrochrept
nitrophenol & hr?)
21-49 (g p- Forest/podzol
nitrophenol & hr?)
12-58 (g p- Crop, manured soil, pasture/typic
nitrophenol & hr?) haploxeroll
Alkaline 40-80 {ug p- Grassland/pachic arguistoll

phosphatase

nitrophenol g hr?)
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40-790 (1g p- Agricultural land/aeric vertic
nitrophenol g hr?) epiaqualfs
100-500 (g p- Crop rotation/hapludalf
nitrophenol g hr?)
181-225 (g p- Crop rotation/ustochrept
nitrophenol g hr?)

Dehydrogenase 114-155 Crop rotation/haplumbrepts,
(ug TPF g' 24 hr) hapludalfs
0.6-0.9 Crop rotation/fluvisol
(ug TPE @' 24 hr)
68-97 Crop rotation/ustochrept
(ug TPF g 24 hr)
14€-207 Crop rotation/fluventic xerochre
(ug TPF g' 24 hr)

n.k., soil type not known

2.2.1 Xylanase

Xylanase is the name given to a class of enzymashwdegrade the linear
polysaccharidgs-1,4-xylan into xylose, thus breaking down hemigele, which is
a major component of the cell wall of plants. Asls it plays a major role in the
digestive system of herbivorous microorganisms (maim, conversely, do not
produce xylanase). Additionally, xylanases ares@né in fungi for the degradation
of plant matter into usable nutrients. Commerajaplications for xylanase include
the chlorine-free bleaching of wood pulp in the grapaking process, and the
increased digestibility of silage (in this aspeittjs also used for fermentative
composting). Additionally, it is the key ingredtein the dough conditioners s500
and us500 manufactured by Puratos. These enzymesad to improve the dough's
workability and absorption of water. In the futusglanase may be used for the
production of biofuel from unusable plant mate(ililliam, 1997).

Xylanase is used to break down plants as well asstlgar xylose. It has
been found in many different fungi and bacteridhe Enzyme is fronfrichoderma
sp. and consists of 190 amino acids. Xylanasengsldo the glucanase enzyme
family, which is characterized by their ability tweak down various xylans to

produce short-chain xylo-oligosaccharides. Enzyraes important for a proper



11

nutrition and digestion. Without the proper levelé enzymes from foods or
supplements, humans are susceptible to excessigseagd bloating, diarrhea,
constipation, heartburn, low energy, acne, artfritallergies, insomnia, high

cholesterol and many other discomforts [15].

Xylanase Specificity
o
Hylanase OH o
__—__H__‘——L ‘HH
o o
oH
o O
oH
oH
oH
o o
\“‘\D OH
. oH
Xylan Hemicellulos e
L oH _

Polymer of 3-(1-43-D- xylopyranosyl units

Figure 2.2 :Random image of xylanase [16]
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2.2.2 Application of xylanase

2.2.2.1 Biobleaching paper pulp

The use of xylanase leads to a reduction in orgdmarine pollutants such as
dioxin from the paper making process. In additidmprine-free bleaching (such as
peroxide or ozone bleaching) can achieve brightsults with the addition of
xylanase. Because xylanase does not harm cellutbsestrength of the paper

product is not adversely affected.

2.2.2.2Improving animal feed

Adding xylanase stimulates growth rates by imprgvdigestibility, which
also improves the quality of the animal litter. |&yase thins out the gut contents
and allows increased nutrient absorption and isa@adiffusion of pancreatic
enzymes in the digesta. It also changes hemiosButo sugars so that nutrients

formerly trapped within the cell walls are released

2.2.2.3Improving silage (or enhanced fermentative compostg)

Treatment of forages with xylanase (along with udaeBe) results in better
guality silage and improves the subsequent rat@lant cell wall digestion by
ruminants. There is a considerable amount of ssguestered in the xylan of plant
biomass. In addition to converting hemicellulosenutritive sugar that the cow or
other ruminant can digest, xylanase also produeegpounds that may be a nutritive

source for the ruminal microflora.
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2.2.3 Xylan hydrolysis reaction

Xylanase (endo-1,4-beta-xylanase; E.C. 3.2.1.8nienzyme that catalyses
xylan hydrolysis reaction of xylan. Xylanase effeely convert xylan into
xylooligosaccharides (mainly xylobiose, which is maajor product of xylan
degradation). Xylobiose is the smallest moleculeirtduce the production of
xylanolytic enzymes (Mensfiele al., 2003). Xylanase attacks the main chain, most
easily and therefore most rapidly at non-substitutegions, generating non-
substituted and branched or esterified oligosatdbsr Acid pretreatment of
biomass is necessary in many cellulosic ethanalgs®es. This step hydrolyzes the
hemicellulose to form fermentable sugars and expaslulose for subsequent

enzymatic hydrolysis steps.

A key to the economic success of cellulosic ethanotluction is the efficient
hydrolysis of xylans into the monomer, xylose (Niet al., 2007). During xylan
hydrolysis, xylanase acts synergistically with a&smey enzyme. Xylanase release
substituted xylooligosaccharides, which are moraditg diffusible and more
favorable substrates for accessory enzyme. Omwtter hand, the removal of side
chains substituents by accessory enzyme createssitesvon the main chain for
productive binding with xylanase (Mensfiel al., 2003). Xylanase activity is
highly dependent on the presence of debranchingneesz The highest affinity was
found for the triouronic acid (4-O-Me-Glc)Xthe nature intermediate product of
xylanase hydrolysis of many fungal and bacteriadpcing xylanase (Nimloet al.,
2007).

2.3 Xylanase producer

Actinomycete is a group of heterotrophic filamerga@ubacteria tending to
form extremely find-ramified mycelia (1.0 to 1j@m). They are gram positive
bacterial found in large number of habitats inahgdin natural environmental such
as soil, composts, and decaying plants. They piultoy mere breaking of the

mycelium or by hyphea. The most common genera ih (Sreptomyces and
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Nocardia) are particularly able to degrade organic substsnwhich cannot easily be
decomposed, thereby producing vitamins, and anidsi¢Lozet and Mathieu, 1991).
They play important role in the degradation of &gallulosic materials. Since
hemicellulose represents an important substratease habitats, actinomycetes can
be considered as a potential source of hemiceftibolenzyme. Strains with
hemicellulolytic activities have been isolated frafifferent soil compost, animal
manure, hay or decaying woods. Hemicellulose déggadnzyme is produced by
mesophilic, thermotolerant or thermophilic actinaetes. Being aerobic, their
presence in a soil signifies good structure anddgmeration. They can be symbiotic
with some higher plants such as Alnus and Myricaz@t and Mathieu, 1991).
Actinomycetes belong to the microorganisms prodyamost of the antibiotics
applied in medicine and many other compounds dftjwa importance (Kurytowicz
et al., 1971). Table 2.2 shows example of some actinomgcptoduce xylanase
(Coughlan, 1989). Table 2.3 shows properties thamycete xylanase and Table

2.4 shows example of microorganisms’ xylanase predu
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Table 2.2 :Example of some actinomycetes produce xylanasegi@an, 1989)

Producing strain

Reference

Actinomadura sp.

Zimmermanet al., (1988)

Cellulomonas sp.

Peiriset al., (1982)

Cellulomonas flavigena

Rajoka and Malik, (1984)

Cellulomonas uda

Rapp and Wagner, (1986)

Chainia sp.

Srinivasaet al., (1984)

Microbispora rosea

Kusakabeet al., (1969)

Microbispora bispora

Ball and McCarthy, (1988)

Micromonospora chalcea

Sorensen, (1957)

Micromonospora sp.

Ball and McCarthy, (1988)

Pseudonocardia thermophila

Zimmermanret al., (1988)

Saccharomonospora viridis

McCarthyet al., (1985)

Sreptomyces albus Sorensen, (1957)

Streptomyces xyl ophagus lizuka and Kawaminami, (1965)
Sreptomyces spp. Kusakabet al., (1969)
Streptomyces viridochromogenes Kusakabeet al., (1969
Streptomyces mistakaensis Kusakabeet al., (1969

Streptomyces albogriseolus

Kusakabeet al., (1969

Sreptomyces coelicolor

Kusakabeet al., (1969

Streptomyces purpurascens Kusakabest al., (1969)
Streptomyces scabies Kusakabest al., (1969)
Streptomyces netropsis Kusakabest al., (1969)

Sreptomyces shindenensis

Kusakabeet al., (1969)

Sreptomyces olivaceus

lizuka and Kawaminami, (1965)

Sreptomyces olivochromogenes

Kusakabeet al., (1969)

Sreptomyces afghaniensis

Loginovaet al., (1981)

Sreptomyces flavogriseus

Ishague and Kluepfel, (1981)

Sreptomyces exfoliatus

Sreenanth and Joseph, (1982)

Streptomyces osteogriseus

Park and Toma, (1982)

Streptomyces albosporus

Sreenanth and Joseph, (1983)

Streptomyces cyaneus Sreenanth and Joseph, (1983)
Streptomyces caiusiae Sreenanth and Joseph, (1983)
Streptomyces sp. Maruiet al., (1985)
Streptomyces viridosporous Deobald and Crawford, (1987)
Sreptomyces spp. Yasuiet al., (1988)
Sreptomyces spp. Ball and McCarthy, (1988)
Sreptomyces lividans Kluepfelet al., (1986
Sreptomyces cyaneus Zimmermanret al., (1988’

Streptomyces rubiginosus

Taianaet al., (1989

Streptosporangium roseum

Kusakabeet al., (1969)

Thermomonospor a fusca

McCarthyet al., (1985)

Thermomonospora curvata

McCarthyet al., (1985)

Thermomonospora chromogena

McCarthyet al., (1985)
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Table 2.3 :Properties of actinomycetes producing xylanase

Producing strain pHopt. | Temp. pl | MW Reference
opt. (kD)
Chainia sp. 5.0 65 8.0 - | Arnold and Julia,
(1999)
Saccharomonospora 5.0-8.0 60 - - Bielyet al., (1985)
viridis
Streptomyces xylophagus 6.2 55-60 - - Bocchingt al.,
(2005)
Sreptomyces 6.5 50 - - Dekker (1985)
flavogriseus (CD45-2)
Streptomyces exfoliates 5.5 50 - - Gray and Micheal,
(1991)
7.0 55 - - Gray and Micheal,
(1991)
5.5 55 - - Gray and Micheal,
(1991)
Sreptomyces sp. (KT23 5.t 55 6.C 43 | Rifaatet al., (2005
Sreptomyces sp. (3137 5.5-6.E 60-65 7.1 50 | Bensol (1994
5.0-6.0 60-65 | 10.1 25| Benson (1994)
5.0-6.0 60-65 | 10.3 25| Benson (1994)
Streptomyces lividans 5.5-6.5 55-65 5.2 - Tsujibet al.,
(1326) (2004)
Streptomyces sp. (E86 5.5-6.2 55-60 7.3 40 |[8]
Thermomonospora sp 5.5-7.7 65-8C - - Benson (199«
Thermomonospora 5.C-8.C 60 - - Biely et al., (1985
curvata
Thermomonospora fusca | 5.0-8.0 70 - - Bielyet al., (1985)
Thermomonospora 5.0-8.0 75 - - Bielyet al., (1985)

chromogena
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Table 2.4 :Example of microorganisms’ xylanase producer.

Microorganisms | Source | Xylanase| Optimum | Optimum References
molecular | condition activity
weight
Bacillus Aquatic - 80°C 0.95 U/mg | Hecketal.,
circulans BL53 | ambient at pH 4-7 | protein (2005)
Arthrobacter sp. | Aquatic | ~20Kd | 100°C at | 240 U/ml in | Khandeparkar
MTCC 5214 ambient pH9 2 days and Bhosle
(2006)
Bacillus Aguatic - 37°C 0.437 U/mg| Bocchiniet
circulans D1 ambient proteinin5 | al., (2005)
days
Enterobacter sp. | Aquatic | ~43 Kd | 50°C 49 U/ml Khandeparka
MTCC 5112 ambient atpH 9 and Bhosle,
(2004)
Sreptomyces sp. | Soll 25-50Kd | 6C°C 1447 U/ml | Rawashdelet
(strain Ib 24D) atpH 6.5 | in 3 days al., (2005)
Paecilomyces Soil 25.8kD | 75°C 998 U/mlin | Li et al.
thermophila J18 atpH7 5 days (2005)
Streptomyces sp. | Soil - 55-65°C | 70.0 U/ml in| Nascimentaet
AMT-3 strain at pH 6 10 days al., (2002)

2.3.1 Bacterial

Sreptomyces bacteria are gram positive, soil inhabiting, anldnfientous,
with a high G+C content in their DNA (Tsujiba al., 2004). Sreptomycetes grew
most in pore spaces which were humid and air-filesld growth was reduced in
water-logged pores. Spores &feptomycetes survived for long periods in dry soil
(Williams et al., 1972). There are three different journals whichvshmacterialB.
circulans (Heck et al., 2005), Enterobacter sp. MTCC5112 (Khandeparkar and
Bhosle 2004), andStreptomyces sp. (strain Ib 24D) (Rawashdeh al., 2005) are

xylanase producer. Table 2.5 shows the survey laihage producer.
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Table 2.5 : The survey of xylanase producer (bacterial)

Microorganisms | Condition Media Basic liquid References
medium
Bacillus 18 hr, 37°C | Basal salt In (g/l) MgSQu Hecket al.,
circulans BL53 | and 125 solution 0.2, KH,PO, 1.0, | (2005)
rpm (BSS) KoHPQO, 1.0,
supplemented NH4;NO;3 1.0,
with xylan CaC} 0.02, and
FeCh 0.05
Enterobacter sp. | At 50°C anc | Basal sal In (w/v) NaCl, Khandeparka
MTCC 5112 pH 9.0 for | solution 30.00 g; KCl, and Bhosle,
48 hr (BSS) 0.75 g; MgSQ, | (2004)
supplemented 7.00 g; NHCI,
with xylan 1.00 g;
(0.5%) KH2HPO, (10%)
7.00 ml; KHLPOy
(10%) 3.00 ml
Streptomycessp. | At 28 C for | Oat spelt 0.1 ml trace salt | Rawashdelet
(strain Ib 24D) | 4 days xylan agar solution: 1 ml/l: | al., (2005)
medium FeSQ. 7H0,
0.1 g; MnC}.
4H,0, 0.1 g;
ZnSG.7H0, 0.1
g; distilled water,
100 mi

2.4 Previous research on xylanase producer

2.4.1 Fungi as Xylanase Producer

Haltrich et al., (1996) gave an overview of fungal xylanases stmalved that
the enzyme can be produced by a number of micraege including bacteria,
yeasts and filamentous fungi such asichoderma, Bacillus, Cryptococcus,
Aspergillus, Penicillium, Aureobasidium, Fusarium, Chaetomium, Phanerochaete,
Rhizomucor, Humicola, Talaromyces and many more. These fungi produced
xylanase enzymes extracellularly with a wide rangactivities from 4-400 IU/ml
using various substrates both in submerged andl stite fermentation (SSF)
processes. Isolate USM Al | which was identifiedbi Aspergillus niger was
selected as a potential producer of xylanase véal@ state fermentation system
(SSF) using palm kernel cake (PKC) as substrateg(Bad Ibrahim, 2004).
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2.4.2 Isolating xylanase producer from inside parof plants

Manabuet al., (2001) claimed that the inside part of plants isoxel and
good source for isolating xylanase producers ingammson with soil. The host plant
collected for the research ar@conitum yesoense, Gnaphalium japonicum,
Hedysarum vicioides, Humulus lupulus, llex crenata, Kerria japonica, Miscanthus
sienensis, Pueraria lobata, Rosa rugosa, Rubus idaeus, Syringa vulgaris, Trillium
apetalon, Trillium tschonoskii, and Ulmmus davidiana. Healthy branches showing
no disease symptoms were collected. The activityjxyddnase produced by the
isolates was as high as 0.191 U/ml when they weltevated at 27°C for 5 days. It
is noteworthy that xylanase producers were founéndophytes in large numbers
although the isolation was not carried out withedestive medium for xylanase

producers.

Table 2.6 :Numbers of endophytic isolates from plants in Haokk and the
xylanase-producing microorganisms among them (Maegal., 2001)

Host plant Endophytic fungus Endophytic bacterium
Total Xylanase Total Xylanase
producer producer

Aconitum 7 7 10 9

yesoense

Gnaphalium 5 5 5 5

japonicum

Hedysarum 4 4 7 5

vicioides

Humulus lupulus 3 3 2 1

Ilex Crenata 6 4 4 1

Kerria japonica 9 8 2 1

Miscanthus 18 12 8 2

sienensis

Pueraria lobata 2 2 3 1

Rosa rugosa 78 74 20 17




CHAPTER 3

MATERIALS AND METHODOLOGY

3.1 Chemicals

All chemicals are obtained from Fluka Company (AddrChemical). All

chemicals are in analytical grade.

3.2  Culture Condition for Xylanase Production

3.2.1 Source of Xylanase Producer

Three soil samples were collected from around UsitieMalaysia Pahang.
After approximately removed 3 cm of soil from theface, samples were taken to a
depth of 30 cm. Each soil sample was crushed, antkeroughly, and sieved
through a 2 mm sieve to get rid of large debrigl te sieved soil used for isolation
of xylanase producer. A 1-g aliquot of each saiinple was dried at 35°C for 24
hours in an oven (Rawashdettal ., 2005).



21

3.2.2 Preparation of Cultivation Medium

3.2.2.1Preparation of Nutrient Agar Plate

Agar medium is considered as solid media as getatsilica gel. It serves as
food for culturing bacteria. This agar supportk tgbes of bacteria. It usually
comprise of water, carbon, and minerals. A tofaD.@% (w/v) nutrient agar was
used. The agar powder was dissolved into 1-litut®n when the solution was
heated. The Schott bottle was covered with alumimeil and prior to sterilization.
Sterilization is carried out at 121°C for 15 mirsitéAfter sterilization completed, the
bottle was removed and allowed to cool enough sa the agar will begin to
solidify. After that, the agar was poured intorPdishes until the agar just covered
the bottom of the Petri dish (approximately 20 mihe Petri dish cover was placed
on the Petri dish immediately and the agar wasatbto solidify (fully gel). After
the plate of agar has solidified, the plate wagsddrupside down and sealed using

parafilm tape. The plate was stored in 4°C freéaefurther usage.

3.2.2.2Preparation of Selective Agar Plate

The selective agar plate containing KN@ g/l, KHPO, 1 g/l, MgSQ 0.5
g/l, CaCQ 3 g/l, FeSQ 0.01 g/I, xylan 0.80 g/l, and agar powder 20 g/lrave
prepared (Rifaatt al., 2005). The medium was sterilized at 121°C for lbutes.
The same method as nutrient agar plate preparatiosed to prepare selective agar

plate.

3.2.2.3Preparation of Seed Culture Medium

The seed culture medium composed of KNDg/l, K;HPO, 1 g/l, MgSQ
0.5 g/l, CaCQ 3 g/l, FeSQ0.01 g/l, and xylan 0.80 g/I.
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3.2.2.4Preparation of Bacterial Inoculum

A loopful of microbe from the selective agar platedium was transferred
into the 250 ml shake flask containing 30 ml ofdsealture medium. The culture
was incubated at 33°C for 36 hours with rotary &@k00 rpm. The cells were
centrifuged at 5000 rpm for 5 minutes. The cellgts were washed once with
0.85% (w/v) saline solution. Finally, the cells rmesuspended again in saline
solution. The mixture was homogenized and thecaptiensity (OD) was read at

600nm using spectrophotometer until it reaches 0.5.

3.2.2.5Storage of Microbial

Actinomycetes may preserved as agar plugs under di9gerol for short
term to intermediate term preservation (Khandepaekaal., 2004). 10% (w/w)
solution of glycerol was prepared and 2 ml was elised into 4 ml capacity
Wheaton borosilicate glass vials fitted with rubbeed caps. The vials were
autoclaved twice for 45 minutes each. Transferesulwere autoclaved for 25
minutes. Several plugs were cut and depositedaatth of the vials, which were
then frozen and stored at -70°C (Demain and De%@39).

3.2.3 Preparation of Crude Enzyme

Mixture of 10 ml inoculum with 90 ml seed cultureedium in 250 ml shake
flask was incubated 48 hours at 200 rpm in tempega@3°C. The mixture then was
centrifuged at 5000 rpm at 4°C for 5 minutes. ®hpernatant was taken as crude

xylanase.
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3.2.4 Preparation for Screening

3.2.4.1Preparation of Primary Screening Plate

Sub samples of 1 g were suspended in 100 ml steiskdled water then
incubated in an orbital shaker incubator at 28°@vghaking at 140 rpm for 30
minutes. Mixtures were allowed to settle then s$edidutions up to 16 were
prepared. From each dilution, 0.1 ml was taken sprdad evenly over the surface
of nutrient agar with sterile L-shaped glass roentfincubated at 27°C for 3 days
(Saadouret al., 2003).
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Figure 3.1 :Example sample dilution and primary screening (Bani994)

3.2.4.2 Second and Third Screening

From the first screened plate, each colonies begigcted and each was
streaked for isolation onto selective agar platke plates were then being incubated
for 4-6 days at 33°C. The colony was then tramstefor 10 times to ensure that the

culture was pure enough to morphology and physictbgest.
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3.3 Characterization of Bacteria

3.3.1 Morphological Test

3.3.1.1Simple stain

Microscope slide was cleaned and dried thorougfitye surface in which the
smear is to be spread was flamed. The inoculddiog was flamed. A loop full of
tap water was transferred to the flamed slide setfaThe loop was reflamed to
make sure the entire length of the wire that wilteg the tube has been heated to
redness. After the inoculating loop was cooledpishead size sample of the
bacterial growth was picked up without digging itb@ agar. The bacteria on the
loop was dispersed in the drop of water on theestidd spreaded the drop over an
area the size of a dime. It should be a thin, esrapar. The inoculating loop was
reflamed to redness including the entire length éméered the tube. The smear was
allowed to dry thoroughly. The smear was heatdixautiously by passing the
underside of the slide through the burner flame twthree times. The temperature
of the slide was tested after each pass againsbdbk of the hand. It has been
heated sufficiently when it feels hot but can si#l held against the skin for several

seconds.

Then, flooding it with methylene blue to stain thmear and allowed it to
remain covered with the stain for one minute. Dgrihe staining, the slide held in
the fingers. At the end of the designated time déxcess stain was rinsed off
thoroughly gently with distilled water. The back the slide was wiped and the
stained surface was blotted with bibulous papehne $tained smear was placed on
the microscope stage smear side up and focusesrtéar using the 10X objective.
An area of the smear in which the cells are waléad in a monolayer was chosen.
The area to be studied was centered, appliedrettly to the smear, and focused the

smear under oil with the 100X objective. The celiserved were captured.
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3.3.1.2 Gram staining

Bacterial smear was prepared on a clean slide. slithe was heated for few
seconds until it becomes hot to the touch so thatebia are firmly mounted to the
slide. The primary stain crystal violet was added incubated 1 minute. This step
colored all cells violet. Gram's iodine was added,1 min. All cells remain violet.
The Decolorizer was washed with ethanol and acetoidne secondary stain,
safranin, was added and incubated 1 min, then wiashih distilled water for a
maximum of 5 seconds. If the bacteria is Gramipasihen the cell will retain the
primary stain, will not stain, and will appear tagolet. If the bacteria is Gram-
negative then the cell will lose the primary staimke secondary stain, and will
appear red-pink. Gram stain is 2 g of 90% crysgialet dissolved in 20 ml of 95%
ethyl alcohol while Gram's iodine is 1 g of iodirZeg of potassium iodide, dissolved

in 300 ml of distilled water. Decolorizer is 50%¢ alcohol and 50% acetone.

3.3.1.3 Acid-fast stain

1/2 a drop of water was placed on a clean slideguie dropper bottle of
distilled water by touching the dropper to the elidA small amoundf the bacterium
was aseptically removed from the agar surface awmddnt with the water. The loop
was flamed and let it cool. The mixture was speeldver the entire slide using the
loop to form a thin film. This thin suspension wafowed to completely air dry.
The slide (film-side up) was passed through thendleof the bunsen burner 3 or 4
times to heat-fix. Then, the smear was covereti wipiece of blotting paper and
flooded with carbol fuchsin. The smear was steafoed minutes by passing the
slide through the flame of a gas burner. The shds allowed to cool and washed
with water. The acid-alcohol decolorizing was atidewly dropwise until the dye
no longer runs off from the smear. Rinse with wated then counterstain with
methylene blue for 1 minute. Wash with water, doy, and observe using oil
immersion microscopy. Acid-fast bacteria will appeed; non-acid-fast will appear

blue.
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3.3.1.4 Spore staining

Smears of organisms to be tested for endospores pvepared. The smears
were heat-fixed. The smears were covered witreagpof absorbent paper cut to fit
the slide and placed the slide on a wire gauze omgstand. The paper was
saturated with malachite green and holding the Barmirner in the hand heated the
slide until steam can be seen rising from the serfaThe heats removed and reheat
the slide as needed to keep the slide steamingbfout three minutes. As the paper
begins to dry, a drop or two of malachite green a@dded to keep it moist, but don't
add so much at one time that the temperature iseajgbly reduced. Do not
overheat because the process is steaming and kiogbaThe paper was removed
with tweezers and rinsed the slide thoroughly wéh water. The slide was drained
and counterstained 45 seconds with 0.5% safrawash, blot, and examine. The

vegetative cells will appear red and the sporekapiear green.
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3.4 Analysis on Enzyme Activity

3.4.1 Effect of pH

To determine the optimum medium pH for maximum emeyactivity,
selected medium of different pH (pH 5.8, pH 6, pHpH 8, and pH 9) was
inoculated with the crude enzyme at 65°C for ad&uminutes. The range of buffers
were used at 50 mM in preparing 0.5% (w/v) xylaluson for detection of xylanase
activity was phosphate buffer (pH 5.8, 6 and 7)s Tuffer (pH 8 and 9). The
reaction conditions composed of 1.8 ml substratt @@ ml crude xylanase. The
effects of medium pH on xylanase activity were rded. The pH value giving the

highest enzyme activity was used in further enzassays (Rawashdehal., 2005).

3.4.2 Effect of Temperature

Usually, the optimal temperature for enzyme activitas determined by
performing the standard assay procedure at a @rtgenperature from 4°C to 100°C
by using the same method as mentioned above (Rdefash al., 2005). The
determination of the optimum temperature for xykmaactivity was done at
temperature ranges from 40-70°. The effects ofptsature on xylanase activity
were recorded.
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3.5 Analysis Procedure and Enzyme Assay

3.5.1 Modified Lowry Method

Solution A (carbonate buffer) was prepared byahied 0.4 g sodium tartrate
and 20 g sodium carbonate 1 NoN20O; in 100 ml alkaline and dilute with water to
200 ml. For solution B (alkaline copper tartratdusion), 2 g sodium potassium
tartrate and 1 g CuSGH,O was dissolved in 90 ml water and added 10 ml 1 N
NaOH. Solution C (Folin—Ciocalteau reagent) isait f-olin-Ciocalteau reagent and
15-part of water. Solution A and B stable at rommperature while solution C was
prepared daily.

0.2 ml of crude xylanase was pipetted into labeésd tube. 0.2 ml of the
diluents was used as blank. At 15 seconds intgrntad ml of the solution A and B
was added to the tubes, mixed, and allowed to seb@n temperature for 10
minutes. At the end of the incubation period, ®llof solution C was immediately
mixed with the reaction samples, and leave at raemperature for another 30
minutes. The absorbency of sample was measuresDatr. A standard curve was
prepared by plotting the average blank correcte@58 nm reading for each BSA
standard versus its concentrationgigyml. The protein concentration in the crude

xylanase was determined using the standard curve.

3.5.2 3,5-Dinitrosalicylic acid (DNS) Method

The mixture was incubated in a water bath at cer@mperature for 15
minutes. The released reducing sugar was measisiad the 3,5-dinitrosalicylic
acid (DNS) method in which the reaction was stoppgdadding 3 ml of DNS
reagent. A reddish brown colour developed aftaciplg the reaction tubes in a
boiling water bath for 5 minutes. After coolingettreaction tubes to room
temperature, the O.D. was measured at 575 nm withs& as the standard, where
one unit (U) of xylanase activity is defined as #mount of enzyme that releases 1

ug xylose/min/ml under the above mentioned cond&iawashdekt al., 2005).
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CHAPTER 4

RESULTS AND DISCUSSIONS

4.1  Screening Results
4.1.1 Primary screening
The primary screening plates were prepared frompkzsthat were diluted

up to 1. The bacteria were grown on nutrient agar plate3fdays in incubator at

33°C before transferred to selective xylan agatepla

Figure 4.1 :Result of primary screening
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4.1.2 Third Screening

Selective xylan agar plates were used in third thednext screening process
to screen colonies from the nutrient agar. Positesults showed some remarked

activities of xylanase enzyme.

Figure 4.2 Positive result Figure 4.3 :Negative result

4.1.3 Tenth Screening

Figure 4.4 showed the tenth screening plate. Thezetwo single colonies
that can be observed from the figure. The singlermgobacterial will be generate

for further experiments.

Figure 4.4 : Tenth screening result
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4.2  Morphological Test Results
4.2.1 Simple staining
The shape of bacterial that can be observed unieosoope (magnification

100x) is in coccus and in chain arrangement. Sorelult showed that the bacterial

was near t@reptococci type bacterial.

Figure 4.5 :Simple stain result

4.2.2 Gram staining

Gram positive and gram negative organisms arendisished each other by
differences in their cell walls. The result shoviled cells appeared pink to red color.
So, the bacterial was gram negative cell (obserueder microscope 100x
magnification). In gram negative organisms, thesre peptidoglycans present in
the cell walls but they only comprise 10-20% of tedl wall. Gram negative cells
also have an outer layer which gram positive oigrarido not have. Exposing gram
negative cells to the decolorizer dissolves th&dipn the cell walls, which allows
the crystal violet-iodine complex to leach out bétcells and allow the cell to be

stained with safranin and finally giving reddishmpicolor to the cell.
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Figure 4.6 :Gram Stain result

4.2.3 Acid-fast stain

Acid-fast stain used to identify acid-fast micromngsms such as members of
the genusMlycobacterium. Acid-fast organisms are highly resistant to disitd@ts
and dry conditions. Figure 4.7 showed the bactstahed blue which remarked as
non acid-fast bacterial (observed under microsampgnification 100x). So, the
bacterial was not a member of gemiygcobacterium.

Figure 4.7 : Acid-fast Stain result
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4.2.4 Spore staining

Spore staining was used to visualize bacterial gpol@s. By forming spore,
bacteria can survive in hostile conditions. Thseulein Figure 4.8 (observed under
microscope 100x magnification) illustrated that dedls were stained red. So, the
type of bacteria was vegetative cell, which carproduce endospores. As claimed
by Benson, (1994)Bacillus and Clostridium type of bacteria were endospore

bacteria. So, this bacterial was not a membeentigBacillus or Clostridium.

Figure 4.8 : Spore staining result
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4.3  Enzyme Analysis

Xylanase activity was studied in two physical paggens including pH and
temperature effect. Modified Lowry Method was udeddetermine the protein
content in the crude enzyme and DNS test was usadday xylanase activity. For
the effect of pH, different pH xylan substrate frpid 5.8 to pH 9 was prepared and
the reaction mixture composed of 1.8 ml substrat® @2 ml crude xylanase was
incubated at temperature 65°C. For the effedenfperature, optimal temperature

for xylanase activity was determined at range ofgerature 40 to 70°C.

4.3.1 Modified Lowry Method

The crude xylanase was analyzed using Lowry metioodetermine the

protein content.

Table 4.1 :Protein concentration in crude xylanase

oD Protein concentration g/ml)
0.10¢ 148.57:

4.3.2 3,5-Dinitrosalicylic acid (DNS) Method

4.3.2.1Effect of pH

To determine the effect of pH on xylanase activitye substrate was diluted
in different pH of buffer solution and incubatedwater bath at 65°C for 15 minutes.

The release reducing sugar was measured using DiXf®

The results as illustrated in Figure 4.9 and 4H@a&d that the enzyme had
high activity from pH 5.8 to pH 7, with a maximunetizity at pH 6. This result
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agrees with finding of Rawashdeh al., (2005) who reported that xylanase from
Sreptomyces sp. (strain Ib 24D) had high activity at pH 5-8heTactivity decreased
from pH 6 to pH 9. This showed that the optimunmditon is in slightly acidic
medium. Since the source of the sample is frorh atiich the pH condition is at
pH 6-7, so the findings is acceptable. The maximyianase activity is about
72.667 U/ml at pH 6. Table 4.2 showed the redultfiect of pH to enzyme activity.

Table 4.2 :Result for effect of pH

PH OD Xylose concentration fig/ml) Activity (U)
5.8 0.170 170 56.667
6.0 0.218 218 72.667
7.0 0.196 196 65.333
8.0 0.104 104 34.667
9.0 0.034 34 11.333
Effect of pH
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Figure 4.9 : Effect of pH at 65°C
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Figure 4.10 :Effect of different pH on xylanase activity at 65°C

4.3.2.2Effect of temperature

As observed in the Figure 4.11 and 4.12, the x@anactivity increased
slowly from 40C to 60C, and rocketed at 5. But, a sharp decrement in xylanase
activity was observed at temperaturé®%o 70C. The maximum activity is peaked
at 65C and this agreed with Rawashdehal., (2005), who reported that the
optimum temperature for xylanase activity (U/ml}Smneptomyces sp. (strain Ib 24D)
was 65C. The enzyme is thermophile since the optimum itimmdis at range 60-
80°C which considered as quite high temperature btiertsteme temperature. The
xylanase activity is 72.667 U/ml at €@ As done by Rawashdet al., (2005),
tomato pomace medium was used and the result shinaethe maximum activity is
high (1447 U/ml) after 3 days compared to Nascimental., (2002) that reported
the activity is only 116 U/ml in larchwood mediurfiea 3 days. Table 4.3 showed

the result for effect of temperature to enzymevégti
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Temperature ("C)| OD (pH 6) | Xylose concentration ag/ml) | Activity (U)
40 0.084 84 28.000
50 0.104 104 34.667
60 0.144 144 48.000
65 0.218 218 72.667
70 0.076 76 25.333
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Figure 4.11 :Effect of temperature at pH 6
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CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

From the sample soil, the screen procedure had dodeayives the positive
result in selective xylan agar plate. The selectiolony bacteria had basic structure
in coccus. For gram staining, the result showed the bacterial is gram negative
type. The test also gave negative result in aastl-hnd stained red color for spore
staining which showed that the bacterial is vegetatell. From the enzyme
analysis, the protein content in the crude enzysé&4i8.57g/ml after 48 hours
incubation. The results for enzyme characterimasbowed that the optimum pH
and temperature for maximum xylanase activity wenéained at pH 6 and 65°C

respectively with activity 72.667 U/ml.

5.2 Recommendations

The production of xylanase from bacteria in s@iktunique characters and
has a wide potential to be exploited in both miartbyy and biotechnology fields.
The ability of this microbe to survive should bepkxed extensively. Several

recommendations for further studies are as follow:

i) Instead of using xylan selective agar to isolatéaxgse producer, other

method can be used that is by using a mixture sblible chromogenic
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substances. It provides a specific, reliable, @pid simultaneous detection
of corresponding polysaccharide-degrading micraosgas (Tenet al.,
2004).

For specific characterization of microorganisms, ANdentification of

microorganisms can be done using polymerase ckhattion (PCR).

Further study on the growth medium and physicaldd@n. Low cost of
medium but with high production is important in erdo increase the quality

of production.
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A1l Preparation of 50mM Phosphate Buffer at 2%

0.5L of 1 M KHPQ, at 174.18 gmai = 87.09 g
0.5 L of 1 M KHPO; at 136.09 g mot = 68.045 g

Table A.1 : Preparation of 50mM Phosphate buffer

Ph Volume of 1 M K;HPO,4(ml) Volume of 1 M KH,PO,(ml)
5.8 8.5 91.5
6.0 13.2 86.8
7.0 61.5 38.5

Dilute the combined 1 M stock solutions to 2 Liwtistilled water.

A2  Preparation of 50mM Tris Buffer at 25°C

0.1Lof1M Tris at 121.14 g mbk 12.114 g

Table A.2 : Preparation of 50mM Tris buffer

pH Volume of 1 M Tris Base(ml) Volume of 1 M HCI (ml)
8.0 37 2
9.0 19.6 3.2

10 ml of the combined 1 M stock solutions wastdituto 0.2 L with distilled

water.
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A 3  Preparation of DNS Reagent

In order to prepare dinitrosalicyclic acid (DNSagent, 100 ml of 5% (w/v)
of 3, 5- Dinitrosalicyclic acid is mixed in 2 M Sioain Hydroxide (NaOH) with 250

ml of 60% (w/v) sodium tartrate and made the towlume up to 500 ml with
distilled water.
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A4  Xylose Standard Curve

Standard curve for DNS method has been made fsr @& glucose
concentration in solution. The concentration abslosbance were recorded in order
to plot the curve. Table A.3 showed the data ctélé to calibrate the curve. While

standard curve for xylose concentration was ilatet in Figure A.1.

Table A.3 : Xylose concentration and OD

Xylose concentration fug/ml) OD (abs)
500 0.582
400 0.373
300 0.268
200 0.229
100 0.091
50 0.037
0 0

Figure A.1 : Xylose standard curve



51

A5 BSA Standard Curve

Standard curve for Modified Lowry method has beedenfor test of protein
concentration in solution. The concentration absoabance were recorded in order
to plot the curve. Table A.4 showed the data ctélé to calibrate the curve. While

standard curve for BSA concentration was illusttateFigure A.2.

Table A.4 : BSA concentration and OD

BSA concentration @ig/ml) OD (abs)
500 0.371
400 0.251
300 0.211
200 0.190
100 0.094
50 0.034
0 0

Figure A.2 : BSA standard curve



