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ABSTRACT
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CHARACTEzuZATION OF CELLULASE AND XYLANASE FROM
Lentinus polychrous Lev. LP-PT-1
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CHAIR
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Biotechnology, a knowledge of science and technology is interesting for the scientists

around the world. Biotechnological processing uses enzymes and microorganisms
products in a wide range

to

make

of industrial sectors. The culture conditions of cellulase and xylanase

production by Lentinus polychrous Lev. LP-PT-I, under solid state fermentation (SSF)
economical using rice straw as substrates, were investigated. The optimum temperature and pH
enzyme activities and stabilities were examined. Partial purification

of

of enzyme and molecular

mass determination were investigated. The xylanase and cellulase production from Lentinus
polychrous Lev.LP-PT-1 under solid state fermentation indicated that the optimal temperature

of

xylanase and cellulase production were found to be at 35oC. The 75Yo and 80% moisture levels

showed significantly higher cellulase production than other treatments (p

.

O.OS). The 7Soh and

807o moisture levels showed significantly higher xylanase production than 50% and 55%o moisture

levels (p < 0.05). The inoculum level at 0.5 cm per disk for the four disks in 4 grams substrate
culture was found to be optimum for rylanase and cellulase production. The stability of xylanase
and cellulase from Z. polychrous Lev. LP-PT-

I

was determined. Crude enzymes were extracted by

Mcllvaine bufler pH 5.0 at 150 rprn for 30 minutes. The relatively good thermostability of
xylanase and cellulase was maintained at high temperature at 60'C with 89oh and

8l% of

the

remaining activity. The cellulase was stable at pH 4.0-5.0 with 94Yo remaining activity. The
xylanase appeared to be stable over a broad pH range of 4.0-7.0. High cellulase activity was

achieved at temperatures between 30 and 60"C. The xylanase activity increased with high

V

temperature to 60oC. The optimum pHs for cellulase and xylanase activity were found in the range

of pH

4.0-6.0. The partial purification was achieved using 20-40%o ammonium sulfate

precipitation. The results from SDS polyacrylamide gel electrophoresis (SDS-PAGE) showed
that the partial purified enzyme had 3 subunits with their molecular weight as following 45 kDa,

40 kDa and 35 kDa, respectively. The present findings revealed that the high thermostability

of

cellulase and xylanase fiom Lentinus polychroas Lev. LP-PT-I would be potentially more
beneficial in the industrial biotechnological applications.

VI

CONTENTS

PAGE

ACKNOWLEDGEMENTS

I

THAIABSTRACT

tr

ENGLISH ABSTRACT

ry

CONTENTS

YI

LIST OI'TABLES

Ix

LIST OF FIGI'RES

x
)ilI

LIST OF ABBREVIATIONS
CHAPTER
1

INTRODUCTION
1.1 Background

I

1.2 Objectives of the thesis

2

1.3 Outline of the thesis

2

L4 Practical applications

3

1.5 Scope

ofthe study

1.6 Defrnition of Terms

2

3
3

LITERATI]RE REYIEW
2.1 Inhoduction

4

2.2 Overview on Lentinus polychrous Levas potential

lignocellulolytic producer

5

2.3 Industrial applications of en4mes produced

by solid state fermentation processes

6

2.3.1 Cellulose degrading enzymes

7

2.3.2 Xylanase degrading enzymes

8

2.4. Rice straw as lignocellulosic waste material
2.4.1 Cellulose
2.4.2 Hemicellulose

9

9

u

VII

CONTENTS (CONTINUED)

2.4.3 Lignin
2.5 Enzyme production

t2

2.6 Factors affect en4rme production process

15

2.6.1 Fermentation process

l5

2-6.2 Temperature

I6

2.6.3 Moisturc content

t6

2.6.4 Inoculum

l6

2.6.5 Substrate

17

2.6.6 Microorganisms

l8

2.7. Factors affect enzyme reaction

3

t2

l8

2.7.1 Temperature

19

2.7.2 pH

l9

2.7.3 Subsfate and eDz)'rne concentration

20

2.7.4 Surfactant

z0

ETIIANOL PRODUCTION FROM LIGNOCELLT]LOSIC WASTE
MATERIAL YIA BIOLOGICAL PROCESSES

Introduction
3.2 Materials and methods
3.3 Results and discussion
3.1

2l
22
26

3.3.1 Enzyme production process under solid state fermentation
at 35'C

26

3-3.2 The simultaneous pretreatment and saccharification

with using fungal enzymes under submerged fermentation
3.3.3 Fermentation process at 45"C
3.4 Conclusions

27
29
29

VIII

CONTENTS (CONTIA{UED)

PAGE
4

CEARACTERIZATION OF CELLT]LASE AND XYLANASE FROM
Lentinus polychrors Lev. LP-PT-I

Introduction
4.2 Materials and methods
4.3 Results and discussion
4.3.1 Effect of temperature
4.3.2 Effect of moisture contents
4.3.3 Effect ofinoculum size
4.1

3l
32
35
35
37
38

activity 39
4.3.5 Stability ofenzymes at different temperatures and pHs
4l
4.3.4 Optimization of temperature and pH for enzyme

4.3.6 Pafiial purification ofenzyme by ammnonium sulphate

precipitation
4.4 Conclusions

45

47

5 GEIYERAL CONCLUSIONS AND RECOMMENDATIONS FOR
FT]RTITF-R RESEAR.CH

48

RETERENCES

50

APPENDD(

62

YITAE

7t

IX

LIST OF TABLES

TABLES

PAGE

processes

2.1

Industrial applications ofenzymes produced by solid state fermentation

2.2

Recent examples ofcellulase and xylanase productions under solid state and

6

submerged fermentation

l3

3.1

Fermentation process at 45'C

29

4.1

Summary of cellulase partial pudficati on kom L- polychrous Lev. LP-PT-

l

46

4.2

Summary ofxylanase partial purification from L. polychrols Lev. LP-PT-I

46

A.l

Mcllvaine buffer solution

65

4.2

Standard ethanol

(0.0-0.1% v)

66

A.3

Standard sugar (0.0-1.0 mg/ml)

66

x
LIST OFFIGTJRES

FIGIJRES

2.1
2.2
2.3

PAGE

polychrousLev.
The cellulases reaction

Lentinus

6
8

The plant cell wall and compositions compose ofcellulose, hemicellulose

2.4

andlignin
Cellulose microfibril

2.5

The long unbranched chains ofcellulose are held together by hydrogen

2.6

Hemicellulose

2.7

The main components of lignin ; pcoumaryl alcohol, coniferyl alcohol

3.1
3.2
3.3
4.1
4.2
4.3
4.4

l0
l0

bonds

structure

I

I

I

I

and sinapyl alcohol

t2

Xylanase and cellulase production of L. polychrous Lev. LP-PT-I at 35"C

27

Hydrolysis process under submerged fermentation at 50'C

28

Sugar analysis under submerged fermentation at 50'C

28

The cellulase and xylanase production effect oftemperature

37

The cellulase and xylanase production effect ofmoisture contents

J6

The cellulase and xylanase production effect of inoculum size

39

Effect of temperature on xylanase and cellulase activities from L- polychrous
Lev. LP-PT- I

4.5

Effect of pH on xylanase and cellulase activities from Z. polychrous Lev.

LP-PT-I

4t

LP-PT-l

4.6

Thermostability ofxylanase and cellulase from L. polychrous Lev.

4.7

Effect of thermo stability on xylanase (a) and cellulase (b) activities
from L. polychrous Lev-

4.8

44

Effect of pH stability on xylanase and cellulase activities
from L. polychrous Lev.

4.9

LP-PT-I

43

LP-PT-I

SDS-PAGE of partial purified enzym e from Lentius polychrous Lev.

45

LP-PT-I

46

XI

LIST OF tr'IGURES (CONTII{T]ED)

FIG[]RES

PAGE

,q..1

Calibration curves for glucose standard

67

4.2

Calibration curves for xylose standard

68

A.3

Calibration curves for inoculum size offungus

68

4.4

Calibration curves for xylanase standard

69

A.5

Calibration curves for cellulase standard

69

A6

Calibration curves for ethanol standard

70

4.7

Calibration curves for protein

70

XII

LIST OFABBREVIATIONS

SSF

Solid state fermentation

Smf

Submerged fermentation
Degree celsius

d

day
Crram

mg

Milligram

kg

Kilognm

Tg

Teragrams

min

minute

rpm

Revolutions per minute

h

Hour

L

Liter

rnl

Milliliter

nm

Nanometer

pm

Micrometer

mm

Millimeter

cm

Centimeter

mglml

Milligram per milliliter

mgL

Milligram per Iiter

M

Molarity

mM

Millimolarity

% (wlv)

Percentage weight by volume

%(w/w)

Percentage weight by weight

o/'

(vlv)

Percentage volume by volume

U

Unit

pmol

Micromole

gds

Gram dry substrate

ct al

et alia (and others)

XIII

LIST

OT'

ABBREVIATIONS (CONTINI.IED)

PDA

Potato dextrose agar

ANOVA

Analysis of variance

CHAPTER

1

INTRODUCTION

1.1 Background

Biotechnological processing uses enzymes and microorganisms to make the valuable

products

in a wide range of industrial sectors.

Enz1lme production

is a growing field of

biotechnology.

The organisms able to degrade efliciently the major components

of lignocellulosic

materials, cellulose, hemicellulose and lignin, are white rot fimgi. These fungi possess

hy&olyic

enzymes like cellulases and xylanases, which typically are induced by their substrates.

The hydrolytic enzymes have attracted considerable research interest, therefore,
organisms able to produce them are interesting in view of the p,otential importance in industrial
processes like hydrolysis of lignocellulose to fermentable sugan for fuel ethanol production, bread

making and clarification of beer and juices, wine indusfy, improving the nutritive quality

of

animal feed, food industries, bioremediation, biobleaching of pulp paper, degradation and
detoxification of recalcitrant substances or in the food industry, thus the elficient production

of

these enzymes in a low-cost medium is interesting for biotechnological applications (Papinutti and

Forchiassin, 2007; Katapodis et aI.,2007; Sheriefet a1.,2010).
Rice straw is an rice by-product, the dry stalk of a cereal plant, after the grain or seed
has been removed. fuce straw is one of the abundant lignocellulosic waste materials in the world.

The annual global production

ofdry rice is about 526 Tg. Asia is the primary production region

with over 90% of global production and the largest harvested area for rice (Kim and Dale, 2004).

In many countries, including the

Thailand, rice straw is an abundanl by-product from rice

production. Every kilogram of grain harvested is accompanied by production of l-1.5 kg of the
straw (Maiorella, 1985). Therefore, rice straw shows promise for use as available substrate for the
biotechnology application.

2

Moreover, thermal stability enz)rmes are better suited for industrial processing
polysaccharides because

of their

increased activities and stabilities

at high

of

temperatues

(Katapodis et al., 2007).

The purpose of this work is to investigate the characterization
xylanase produced by Lentinus polychrous Lev.

LP-PT-I. In this

of

cellulase and

research, Lentinus polychrous

Lev. LP-PT-I was used to produce enzymes under solid state fermentation. Rice straw, the
available and low cost material, was used as substrate. The culture conditions, including
temperature, moish.[e content and inoculum size were studied. The optimum temperature and pH

of

enzyme activities, stabilities and partial purification enz)rme were examined.

All

the

fermentations were carried out in triplicates.

1.2 Objectives of the thesis

1.2-l To investigate the culturc condition for cellulase and xylanase production from
Lentinus polychrous l-ev. LP-PT-I

l-2.2 To investigate the cellulase and xylanase characterization from Lentinus
polychrous Lev. LP -PT -l

13 Outline of the thesis
Overview

ot

industrial applications

Lentinus polychrous Lev. as potential lignocellulolytic producer,

of

enzymes,

rice straw as lignocellulosic waste material, enzlme

production, factoE affect enzyme production process and factors affect enzyme reaction are
reviewed in Chapter 2.

The ethanol production from lignocellulosic waste material was determined in
Chapter 3.

The culture conditions for the cellulase and xylanase production under solid state
fermentation, including temperature, moisture contents and inoculum size were determined. The
characterization of enzymes, the effect ol pH and temperature on the actiyity and stability were
examined. Partial purification of enzymc and molecular mass determination were investigated in
Chapter 4.

J

The general conclusion and recommendation for further research were described in
Chapter 5.
1.4 Practical applicrtions

1.4.1 Potential application of thermal stability of enzymes and the characterization for

biotechnological processing
1.4.2 Cellulase and xylanase production under solid state fermentation

1.4-3 The economics

of cellulase and xylanase production with using agricultural

waste, low cost, available, abundant feedstock as substrate and the rcduction of enzyme cost via
biological processes.
1.4.4 Value added of rice straw.
1.4.5 Environmental friendly processes-

15 Scope of the study
This thesis is the preliminary study of laboratory scale.
1.5.1 The culture conditions
The culhre condition for xylanase and cellulase production by the tropical white

rot fungus, Lentinus polychrols Lev- LP-PT-I cultured on rice straw as a main substrate under
solid state fermentation, the effect ofdifferent conditions including the incubation temperature and
moisture content and inoculum size.
1,5.2 The enzyme characterizrtion

The determination of the optimal temperature and pH for crude

enz)rme

activities, stabilities and panial purification enzyme.

1.6

Definition of Terms
1.6.1 Lignocellulosic waste material refer to the by product

ofplant biomass or

residue, that composed ofcellulose, hemicellulose and lignin.
l -6.2

Solid state fermentation is process that occurs in the absence or near absence

of

any fluid in the space between particles. In this system, the substrate is moistened with a thin layer
of water on the surface ofthe substrate.

CHAPTER

2

LITERATURE REVIEW

2.1 Introduction

Lignocellulosic material, the most abundant renewable biomass on earth, available,
and low cost, composed mainly

of cellulose fibers embedded tightly within hemicellulose

lignin. Both of cellulose and hemicellulose fractions are polymers of sugars and
a potential source

and

thereby

offermentable sugars.

In hydrolysis, the cellulosic part of the materials is converted to sugars. Cellulose can
be hydrolyzed to glucose by cellulase enzymes. Cellulases represent a large proportion of the
industrial enzymes. They are used in textile, detergent, beverage, juice extraction, animal feed and

pulp and paper industries. Currently they are the rhird largest industrial enzymes being sold
worldwide. However, there is also a fast growing market for their use in the biofuel industry and
they are predicted to become the largest volume industrial enzyme.

Biotechnological
bioconversion

of

uses and potential applications of xylanase

include

lignocellulosic material to useful product, clarification of juices, improvement

of the consistency of

the beer and the digestibility

of

animal feedstock. One of the major

potential applicalions ofxylanase involves the pulp and paper industry.

In this chapter, the overview on lentinus polychrous Lev.

as potential

lignocellulolytic

producer, industrial applications of enzymes, rice straw as lignocellulosic waste material, enzyme

production, factors affect enzyme production process and factors affect enzyme reaction
are reviewed in Chapler 2.

5

2.2 Overview on Ientinus polychrous Lev. as potential lignmelluloll'tic producer

Lenlinus polychrous Lev. (also called as Lentinus praerigidus, Panus polychrous,
Lentinus esaiatus,

Pocillaia

eximia, Pocillaria estriata, Pocillaria polychroa, Panus polychrous,

Lentinus eximius, Pocillaia praerigida) is edible muchroom that &eir ability to wood degrading

capability-

It

occurs throughout United States, Panama, India, North and North Eastern in

Thailand.
Lentinus polychrous Lev., known as Kradang mushroom, is recognized as one of the

widely commercial cultivated edible mushroom

It

considered being nutritious containing

Moreover,

it

contains the content

of

the

North

and Northeast

the quantities of protein, fat, and

ofthe impo(ant elements such

of

Thailand.

carbohydrate.

as sodium, potassium, calcium,

iron, magnesium and zinc.
The white rot fungus is reported about the ability to degrade lignin, hemicellulose and

cellulose

in

nature, due to they can produce and sectete lignocellulolytic enzymes for

lignocellulosic degradation and use as a carton sonrceSeveral studies report that lignocellulolyic enzyme production by the white-rot fungus

Lentinus polychrous Lev. (Pukahuta

et al-,20O4:' Pukahuta et al., 2005; Budda et al.,

The biotechnological potential of ligninolytic enzymes

2012).

from L. polychrous Lev- in the textile

dyeing industry, especially in the dye decolorization (Samthima et a1.,2009; Budda et al.,2012).

It

has been found that this fungus

is

capable producer

of

cellulase and xylanase enzymes

(Pukahuta et al.,2004; Pukahuta et al.,2005). Moreover, Thetsrimuang et al. evaluated for their

antioxidant properties and cancer cell line cytotoxicity (Thetsrimuang et al., 201 I ).

Taxonomy: KingdomFungi
Phylum Basidiomycota
Class Agaricomycetes

Order Polyporales

Family Polyporaceae
Gents Lentirtus
Species

L en

tin us po lyc h rous
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Figure 2.1 Lentinus polychrous Lev. (khaomak.com and Khaomak Mushroom, 2012)

2.3 Industrial applications of enzymes produced by solid state fermentation processes

The industrial applications of enzymes produced by solid state fermentation processes
as shown in table 2.1

Table 2.1 Industrial applications of enzymes produced by solid state fermentation processes
(Pandey et al, 2000)

Enryme

Process
Enzyme-assisted ensiling

Fungal cellulase and hemicellulases

Bioprocessing of crop and crop residues

Fungal cellulase and hemicellulases

Fibre processing (retting)

Fungal pectinases, cellulase and hemicellulases

Biopulping

Xylanases

Directed composting

Hydrolytic enzymes

Soil bioremediation

Laccases, ligninases

Post-harvest residue decomposition

Tric h od er ma hqrzi anum cellulase

Biopesticide

T. harzianum cellulase for helper

function

7

23.1 Cellulose degrading enzyrres
Cellulases are the group

of hydrolytic enzymes that are capable of hydrolysing

insoluble cellulose to produce soluble oligosaccharides.

At

least three fundamental enzyme

activities are traditionatly found within a cellulase system that demonsfates the degradation

.'f

cellulose.

The main technological application

of

cellulases

lies in the conversion of

cellulosic fractions from various cellulose containing materials into glucose. Glucose evolved

as

part ofthis breakdown can then be further utilized for production of alcohol or for other industrial
process.

2.3.1.1 Cellulose hydrolysis

Enzymatic hydrolysis of cellulose is carried out by cellulose enzyme:
which are highly specific (Beguin and Aubert, 1994). The products of the hydrolysis are usually
reducing sugars including glucose. Utility cost of enzymatic hydrolysis is low compared to acid
or alkaline hydrolysis because enz)rme hydrolysis is usually conducted at mild conditions and does

not have a corrosion problem (Duff a^rd Murray, 1996). During the enzymatic hydrolysis,
cellulose is degraded by the cellulases to reducing sugars that can be fermented by yeasts or
bacteria to ethanol (Sun and Cheng, 2002).
The cellulose molecules are composed oflong chains ofsugar molecules.

In the hydrolysis process, these chains are broken down to free the sugar. There are three major
cellulose hydrolysis (cellulolysis) processes.

Cellulase
because

is most often employed to hy&olyze cellulose to

glucose

of its mild reaction condition and specific action in hydrolysis, producing virually no

glucose degadation products (Kuo and Lee, 2009).
2.3.1.2 Mechanism of cellulose hydrolysis

Cellulose is an insoluble, crystalline polymer of B-1,4-linked cellobiose.

In the cell walls of higher plants, it oflen forms a long bundle or fibril structure embedded into

a

matrix of other polysaccharides and lignin. Degradation of cellulose is a slow process that requires
at least three types of enzymatic activities, the endoglucanase, which randomly breaks the intemal
B-

1,4-glucosidic bonds and creatcs brokcn chain cnds, and the cxoglucanase, which cleaves the

8

polymer from the ends to produce cellobiose. Finally, the beta-glucosidase hydrolyzes cellobiose
to glucose, one ofthe most fermentable suga$ obtainable fiom cell walls.
Endoglucanase attacks more or less randomly at sites within 1-4-p-Dglucan chains in arnorphous regions of cellulose or at the surface of microfibrils. Exoglucanase
releases cellobiose from non-reducing ends of p-D-glucan chains. Cellobiase hydrolyzes

cellobiose and cellodextrins to glucose.
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Figure 2.2 The cellulases reaction (Wikipedia, 2012(b))

2,3.2 Xylanase degrading enz;rmes

Biodegradation ofxylan, requires action ofseveral enzymes, among which
xylanase plays a key role. Xylanase (E.C. 3.2.1.8.) belong to the pentosanases a group of enzlrmes
that break down components of the cell wall matrix ofplants (fiber)-

Xylanase (EC 3.2.1.8), an extracellular enzyme

is the key

enzyme for

hemicellulose degradation to break down ofxylan, which is a polysaccharide in the plant cell wall.

Xylanase cleaves intemal glycosidic bonds at random
backbone into small oligomers and xylose.

or at specific positions of the xylan
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The hemicellulytic system involves among otiers endo-1,4-p-D-xylanase (EC
3.2.1.8), which cleaves intemal bonds

in the xylan chain; p-xylosidases (EC 3.2.1.37), which

cleaves xylooligosaccharides to produce xylose; endo-I,4- p -D-mannanase (EC 3.2.1.78), which
cleaves intemal bonds; p-mannosidases (EC 3.2.1.25) which cleaves mannooligosaccharides to
mannose (Heidome et al., 2006).

Xylanases were produced by Planrotus strains, which degraded oat-spelt xylan

into simple sugars xylose, arabinose etc. Xylan degradation by P/eurotus sp. BCCB068 reached
75.1%. The xylan degradation exhibited by these white rot fimgi indicates they have potential for
use in biotechnological processes related to degadation of hemicellulose sources (Menezes et al.,

2009).

2.4 Rice straw as lignocellulosic waste material

Lignocellulosic materials consist primarily

of three components, namely

hemicellulose and lignin- Rice straw contains approximately
hemicellulose in close association with

Zhl el a1.,2006;

9-15%

3M0yo wlw

cellulose,

cellulose, 20-34%o

dw

w lignin (Kaur et al., 1998; Jin and Chen,2006;

Zhang and Cai, 2008). fuce straw is one

of the abundant lignocellulosic

waste

materials in the world. Rice straw is an rice by-product, the dry stalk of a cereal plant, after the
grain or seed has been removed. The annual global production ofdry rice is about 526 Tg. Asia is
the primary production region

with over

90Yo

of global production and the largest harvested area

for rice (Kim and Dale, 2004). The use of straw as a carbon-neutral energy source is increasing
rapidly, especially for bioethanol.
2.4.1 Cellulose

Cellulose is made up of long chains of the 6-carbon sugars.
glucose units, linked
consists

It is formed by

by p-I,4 gtycosidic linkages, arranged in bundles (Fig 2.1-?.3). Cellulose

of 7,000 to 15,000 glucose molecules in the average cellulose polymer. It is the mosl

abundant carbohydrale in nature. The long fibers ofcellulose are held together by intermolecular

hydrogen bonds (Fig

2.3). Hydrogen bonding continues in the

same plane with other chains as

well as in planes above and below this plane to form strong, fibrous bundles. In the plant-cell
wall, the cellulose molecules are interlinked by another molecule, hemicellulose.

l0

Cellulose

Lignin

Hemicellulose

Cellulose Bundles

Figure 2.3 The plant cell wall and compositions compose of cellulose, hemicellulose and lignin(Modified Khandeparker and Numan, 2008)

Crystalline array
of molecules in
a micelle

Cellulose

microfibril
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Figure 2.5 The long unbranched chains ofcellulose are held together by hydrogen bonds.
(Blamire, John, 2012)

2.4.2 Hemicellulose
Hemicelluloses contain most of the Pentose sugar and consists of shorter chains around 500-3,000 sugar units. Xylose is always the sugar monomer present in the largest amount.

The hemicellulose is derived from several sugars Lr addition to glucose, including especially
xylose but also mannose, galactose, rhamnose, and arabinose. Furthermore, hemicellulose is
branched (Fig 2.6), whereas cellulose is unbranched.
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Figure 2.6 Hemicellulose structure (Department of Chemistry, University of Maine, 2012)
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2.4.3 Lignin

Alother compound called lignin, which is a set of non-sugar molecules acting
like a glue to hold the biomass molecules together and gives the plant its structural strength
(Murphy and McCarthy, 2005). Lignin fills the spaces in the cell wall between cellulose,
hemicellulose, and pectin components, especially in tracheids, sclereids and

xylem- The lignin

molecule formed by the free radical, oxidative condensation of the three monomers, coniferyl
alcohol, sinapyl alcohol and coumaryl alcohol, the formulae for which are shown in Fig. 2.7.

cl-i,oH

)

?{lor-r

(

a

(

ri-)
\z -oMe

ol-t

d{r

OH

Pcoumarg

coniferyl
alcohol

alcohol

alcohol

sinapyl

Figure 2.7 The main components oflignin ;p-coumaryl alcohol, coniferyl alcohol and sinapyl
alcohol. (Helm, Richard, 2012)

2.5 Enzyme production

Enzyme production is a growing field of biotechnology. Most enzyme manufacturers
produce enzyme using submerged fermentation techniques (Papinutti and Forchiassin, 2007).
There is, however, a significant interest in using solid-state fermentation techniques to produce
a wide variety of compounds such as antibiotics (Adinarayana et al., 2003), organic acids (Kumar
et al., 2003) and a wide variety of enzymes (Pandey et al., 1999; Papinutti and Forchiassin, 2007).

A large number of microorganisms, including bacteria, yeast and fungi produce diflerent groups
enzymes. The recent examples

of cellulase and

submerged fermentation as shown in table 2.2.

of

xylanase productions under solid state and
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Table 2.2 Recent examples ofcellulase and xylanase productions under solid state and
submerged fermentation

Microorganism

Substrate

Phlebiafloridensis

wheat straw

References

Enrymes
Laccase,

Sharma and Arora.,

Manganese

2010

peroxidase CMCase,
xylanase (SSF)
Aspergillus fumigatus

wheat straw

crude endoglucanase

Saqib el a1.,2010

(SSr and SmF)
Pleurotus oslreatus

Xylanase (Smf)

Qinnghe et al., 2004

Rice bran in basal

Scopulariopsis

cellulase and xylanase

Sarao et al., 2010

medium

acremonium

(Smf)

comcobs and wheat
bran

Mullai et al. (2010) investigated xylanase production by Bacillus species 2129 under
submerged cultivation. The result showed 2.388

JB-99 produced xylanase

mineral salt solution

U/ml. While Virupakshi el al. shows Bac

/r.s sp.

in solid-state fermentation O64aulg DBB) with bran moistened with

at l:2.0

(

enhanced enzyme production,

v) at 50'C for 72 h. Yeast extract, beef extmct

and xylan

while glucose, lactose and fructose strongly repressed

the

production process (Virupakshi et a1.,2005). Archana and Satyanarayana rePorted that the enzyme
production of Bacillus lichenifurmis A99 was 22 fold higher in solid state fermentation than in
submerged fermentation (Archana and Safyanarayana, 1997). Solid state fermentation was found

to be more productive than submerged fermentation inlerm of exoglucase by Bacillus subtilis
(Shifique et al., 2004).

All of

these hy&olytic enzymes have attracted considerable research interest,

therefore, organisms able to produce them are interesting in view

industrial processes like hydrolysis

of

lignocellulose

production, bread making and clarification

nutritive quality

to

of the potential importance in

fermentable sugars

for fuel ethanol

of beer and juiccs, wine industry, improving

of animal feed, food industrics, bioremcdiation,

biobleaching

of pulp

the

paper,

t4

degradation and detoxification of recalcitrant substances or in the food industry, thus the efficient

production ofthese enzymes in a low-cost medium is interesting for biotechnological applications
(Haq et a1.,2004; Qinnghe et al., 20&l; Papinutti and Forchiassin, 2007; Katapodis et aI.,2007).

The white-rot fungi Lentinus polychrous is a widely dishibuted wood rot fungus
considerable interest,

a

producer

of lignocellulolytic

(Pukahuta et al., 20&l), laccase (Pukahuta

of

enzymes, including xylanase, cellulase

et al., 20M:' Sarnthima et al., 2009),

Manganese

peroxidase (MnP) and manganese-independent peroxidase(MlP) (Samthima et al., 2009). Enzyme

tjrpes were secreted by L. polychrous that was known for applications in wastewater treatment

from the textile industry, which contains synthetic dyes (Pukahuta et a1.,2004; Samthima et al.,
2009).
Pukahuta et

al. studied enzyme production from Lentinus spp. that could produced

combination xylanase, cellulase and laccase (Pukahuta et al., 2004). Samtima et al. studied the
laccase

ligninolyic enzyme productiotby L- polychrous Lev. was the highet laccase activity on

rice bran was

lMg UII- after 2l

days

of culhrre under solid state fermentation (Samtima et al.,

2009). Xylanase and cellulase were produced by L. polychrous when grown on potato dexhose
broth (PDB) and Fahraeus broth with 2 % rice straw (FRS) (Pukahuta et al., 2004) or rice hust and
rice straw (Pukahuta et al., 2005).
Prasertsan

et al. investigated optimization of enzyme production from Aspergillus

niger ATCC 6275 under both submerged and solid-substrate cultivation using palm oil mill

as

subsfiate resulted submerged cultivation revealed that prctreatment

of ground palm cake did not

tle

results indicated that optimal

improve enzyme production. Under solid substrate cultivation,

initial moisture contents for xylanase and CMCase activities were
of

30'C

and 35

"C.

60%o,

with temperature optima

The optimal inoculum size was 1 x lOE spores/g palm cake with an initial

pH of 4.5-5.0. The maximum activities of xylanase and CMCase were 282.9 Ulg ,23.8 U/9,
respectively. Solid substrate cultivation was
particularly xylanase, from

l.

a befter method for the production of

enzlnne,

niger ATCC 6275 (Prasertsan et al., 1997).

The fungi, Therntouyces lanuginosus strain SSBP produced xylanase activity when
cultivated on a medium containing com cobs as substrate and yeast extract as nitrogen source
(Singh et al., 2000.). Xylanase was observed after 96 h at 35"C and pH 6

in l% oat spelt xylan

(35 U/ml) by Aspergillus terreus (Chidi et al., 2008). Thc enzyne produced under solid state

l5
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fermentation in which the ratio of solid wheal bran to water (12.5o% v solid) gave higher enzlme

activity than submerged fermentation (l% w/v solid) ,4. niger and T. reesei, both fungi prefened
solid media than media with too much water for their growth (Widjaja et al., 2009).

Xylanases
processing

of

from thermophilic

polysaccharides because

microorganisms are better suited

of their

for

industrial

increased activities and stabilities

at

high

temperatures (Yang el al., 2006; Katapodis et al., 2007).
The optimum temperature for xylanase activity was between 50-60'C (Carmona et al.,
1998; Liu et al., 1998: Georis et al., 2000; Bakir et al., 2001; Ohta et al., 2001; Sii-Pereta et al.,
2002; Saha., 2002; Maninez-Trujillo et al., 2003; Wang et al., 2003) as Belfaquih et al. (Belfaquih

et al., 2002) who reported that the optimum temperature for xylanase activity in StePlomyces
achromogeness 5028 (S1), S. longbporus nrber 4-167 (52) and Steptomyces sp. 8812 (S3) was
between 60"C and

65'C. Similar findings

were reported by Rawashdeh et a/. (Rawashdeh et al.,

2005), who studied the optimum temperahue for xylanase activity by StrePtomyces sp. (strain Ib

24D) was 60'C. The most active temperature of xylanase from white-rot fiingos Ceipoiopsis
subvermispora was 60'C (Milagres et al., 2005). And thereforc similar to the range observed the

optimal temperature for crude xylanase activity by Aspergillus corneus M34 was 60"C (Fang
et a1.,2007). The researchers considered to ca.rrJ. out the enzyme production and characterization

from the microorganism for industrial application.

2.6. trrctors rlfect enzyme production process

2.6.1 Fermentation process

%t

Solid state fermentations (SSF) constitute
added products (Pandey

a

way to produce value

et al., 2000; Soccol and Vandenberghe, 2003). In particular, for the

production of enzymes, solid-state fermentations presenl several advantages when compared with
traditional submerged fermentation processes (Archana and Satyanarayana, 1997; Widjaja et al.,
2009; Saqib et al., 2010). Solid state fermentations produce more stable products and offer higher

productivitics with lower water, energy and sterility demands. Smaller fermenters and easier
downstream processing measures are required (Robinson et al.,

20Ol). Additionally, low-cost

agro-industrial by-products and crop residues can be used as substrates (Pandey et al., 1999).

l6

2.6.2 Temperature

In general, the fungi can grow well between 15'C and 40"C but high enzyme
production rate is generally obtained within an optimal temp€rature range between 25oC and 35'C
(Biswas et al., 1990; Sohail et a1.,2009). The metabolism of white rot fungus generates heat and
causes temperature gradients in solid state

cultivation. The accumulated heat can kill or inhibit the

fungal growth and metabolism. Therefore, in the scale-up of solid state cultivation, heat
dissipation is one ofthe key facton that needs to be taken into account in the bioreactor design.

2.63 Mohture content

In solid-state fermentations, the moisture content plays the most important role
because

it

is strongly related to mass, heat, and gas transfer. For ftrngi,

30%o

to

8O%o

moisture is

usually used (Singhania et a1.,2009; Shi et al., 2008; Taniguchi et al.,2005; Oriol et al., 1988).
Outside of this range, the growth of these microorganisms can be strongly

contents usually decrease the substrate porosity and reduce oxygen

limited. High moisture

transfer. Low moisture

contents may limit the bioavailability of nutrients. The nature of the solid substrate also plays an

important role in enzyme productivity.

Initial moisture content of the substrate is important to the fungal growth in solid
state fermentation. Asgher et al. (2006) investigated the solid state cultivation

on com cobs with a moisture content ranging from

40%o

ofP. chrysopoium

znd 90Yo. The highest ligninase activity

was obtained at 70olo moisture content. Thus, the optimal moisture content appeared to be 75-85%.

In general, high moisture contenl can provide

adequate water for supporting vigorous fungal

grou'th and active metabolic function. However, too much moisture reduces interparticle spaces
and substrate porosity in solid state fermenlation, which in tum decreases oxygen diffirsion and
inhibits aerobic cultures (Singhania et al., 2009).
2.6.4 Inoculum

Initial microbial load to a medium does affect the growth and in tum metabolite

production. Inoculum for solid state fermentation can be prepared by different methods, e.g-,
mycelium grown in liquid or agar medium, spawn grown in cereal grains, or fungal-precolonized
substrate (Reid er al., 1989). P. chrysosporiun yields spores which is a convenient inoculum and
can be mixed evenly with the substrate. In contrast, most white rot basidiomycetes do not produce
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spores. Instead, the precolonized lignocellulosic materials

in the reactor can also serve

as

inoculum and the fresh substrate can be fed to partially replace fermented materials.
Qinnghe er c/. reported xylanase production with the inoculum level at 0.5 cm

per disk for the four disks in 50ml liquid culture (corn cob 2.5olo+wheat bran 2.5%), by
P- ostreatus was found to be optimum for xylanase (Qinnghe et a1.,2004). Similar, five agar plug
(0.8cm) of

P.

ostreah$ gave maximum laccase yield 3952 lJgt using wheat straw as substrate

(Patel et al., 2009)

Other Fungi, the enzyme production depend on inoculated by spore.

of inoculum size

based

on the number ofspores was

on the production of fungal
Sarao et

examined using the spore concentration

enzymes.

al. investigated cellulase and xylanase production under

fermentation. It was found that the increase
enz5rme production (Sarao

The effect

in inoculum size

resulted

submerged

in rapid increase in

et al-, 2010). Similarly, Kavya and Padmavathi examined xylanase

production by Aspergillus niger under solid state fermentation, which indicated at the lower
inoculum sizes,

it

was observed that the time taken to achieve maximum growth or enzyme

production was much longer (Kavya and Padmavathi, 2009). While, Reddy and Kumar indicate
that further increase in the inoculum level did not increase the tannase production (Reddy and

Kumar,201l).
Higher enzyme production at higher inoculum is related to the rapid growth

of

the fungus, which resulted in higher degadation of the substrate and increases available of
nutrients (Sarao et al., 2010; Kalya and Padmavathi, 2009).
2.6.5 Substrate

The nature of the solid substrate also plays an important role

in

en4rme

productivity. The screening ofseveral agro-industrial residues is usually needed to select the most
appropriate substrate. Their cost and availability are also facto$ to be considered when choosing
a substrate,

Agro-industrial residues are generally considered the best substrates for the
production of enzymes under solid state fermentation processes.

A number of such

substrates

of

enzymes.

have been employed for the cultivation of microorganisms to produce the variety

Some of the substrates that have been used includcd sugar cane bagasse, wheat bran, rice bran,

t8

wheat straw, rice straw, rice husk, comcobs, palm oil

mill waste, aspen pulp, sweet sorghum pulp,

apple pomace, starch. However holds the key, and has most commonly been used, in various
processes.

2.6.5 Microorganisms

A large number of microorganisms, including bacteria, yeast and fungi produce
different groups of en4rmes. Selection of a particular strain, however, remains a tedious task,
especially when commercially competent enzyme yields are to be achieved. For example,

it

has

been reported that while a stIain of Aspergillus zrger produced 19 types of enzymes, amylase was

being produced by irs tluny .rs 28 microbial cultures. Thus, the selection of a suitable strain for

the required purpose depends upon a number

of

factors,

in particular upon the nature of

the

substrate and environmental conditions. Generally, hydrolytic enzymes, e.g. cellulases, xylanases,

pectinases, etc- are produced by fungal cultures, since such enz5rmes are used in nature by fimgi

for their groMh. Tichoderma spp. and Aspergillus spp. have most widely been used for these
enzjrmes. Amylolytic enzymes are commonly produced by filamentous fungi and the preferred
strains belong

lo the species of Aspergillus

and Rhizopus. Although commercial production

of

amylases is carried out using bolh fungal and bacterial cultures, bacterial amylase is generally

preferred for starch liquefaction due to its high temperature

stability. In order to achieve high

productivity with less production cost, apparently, genetically modified strains would hold the key
to enzyme production-

2.7 Factors alfcct enzyme reaction
The activity

ofan enzyme is affected by its environmental conditions. Changing

these

alter the rate ofreaction caused by the enzlrne. In nature, organisms adjust the conditions oftheir
enz)rmes to produce an optimum rate

of reaction, where necessary, or they may have

enzlrmes

which are adapted to function well in extreme conditions where they live.
Enzymatic degradation of plant cell wall has been extensively studied. Temperature,
pH and enzyme concentration are important factors for enzyme treatment.
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2.7.1 Temperature

The activity of enzymes is strongly affected by changes in pH and temperature.
Each enzyme works best at a certain pH and temperature, its activity decreasing at values above
and below that point.

Increasing temperature increases the kinetic energy that molecules possess. In a

fluid, this means that there are more random collisions between molecules. Since
calalyse reactions be randomly colliding
increases the rate

with

enz)rmes

substrate molecules, increasing temperature

of reaction, forming more product- However,

increases the vibrational energy that molecules have, specifically

increasing temperature also

in this case enzyme molecules,

which puts strain on the bonds that hold them together. As temperature increases, more bonds,
especially the weaker hydrogen and ionic bonds,
bonds within the enzyme

will

will break

as a result

cause the active site to change shape-

of this strain. Breaking

This change in shape means

that the active site is less complementary to the shape of the substrate, so that
catalyse the reaction. Eventually, the enzyme

it is

less likely to

will become denatured and will no longer function.

As lemperaturc increases, more active site of enzymes molecules shapes
less complementary to the shape of their substrate, and more enzymes

will

will

be denatured. This

be

will

decrease the rate ofreaction.

In summary, as temperature increases, initially the rate of reaction will increase,
because

of increased kinetic energy. However, the effect of bond breaking will become greater

and greater, and the rate ofreaction

will begin to decrease.

The

lemperature

at which

the

maximum rate of reaction occurs is called the enzyme's optimum temperature. This is different
for different enzymes.
2.7.2 pH

pH measures the acidity and basicity of a solution. It is a measure of
hydrogen ion

the

(Ht) concentration, and therefore a good indicator of the hydroxide ion (OH')

concentration. It ranges ftom

pHl to pHl4. Lower pH

values mean higher H- concentrations and

lower OH concentrations. Acid solutions have pH values below 7, and basic solutions (alkalis are
bases) have pH values above 7. Deionised water is pH7, which is termed neutral.

H'and OH-ions are charged
bonds that hold together an enzyme, since they

and thereforc interfere with hydrogen and ionic

will bc attracted or repelled by the charges created
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by the bonds. This interference causes a change in shape of the enzyme, and importantly, its
active site.

Different enzyrnes have different pH values at which the bonds within them are
interfered with in such a way that the shape of their active site is the most complementary to the
shape of their substrate.

At the pH, the rate of reaction is at an optimum, so this is the optimum

pH.

Any change in pH above or below the optimum will quickly cause a decrease in
the rate of reaction, since more of the enzyme molecules

will

have active sites whose shapes are

not, or at least less, complementary to the shape oftheir substrate. Small changes in pH above or

below the optimum do not cause a permanent change to the enzyme, since the bonds can be

reformed. However, extreme changes in pH can cause enzymes to Cenature and permanently
loose their function. Enzymes in different locations have di{Ierent optimum pH values since their
environmental conditions may be different.

2.73 Substrate and enzyme concentration
Increasing substrate concentration increases the rate ofreaction. This is because

more substrate molecules

will be colliding with

enzyme molecules, so more product

formed. However, after a certain concentration, any increase
reaction, since substrate concentration

will

be

will have no effect on the rate of

will no louger be the limitillg factor. The enzymes will

effectively become saturated, and will be working at their maximum possible rate.
Increasing erzyme concentration
enzymes

will

will

increase the rate

of reaction, as more

be colliding with substrate molecules.

2.7.4 Surfectant

Addition

of

Tween 20,

a

non-ionic surfactant significantly improved the

hydrolysis of wheat straw by the enzymatic mixture. Glucose recovery reached 34y. at 37"C and
460/o

at 50"C in the presence of cellulase and feruloyl esterase A after addition of Tween 20

(Tabka et al., 2006). The mechanism of surfactant activation is probably due to its adsorption on

hydrophobic surfaces mainly composcd
surfactant as

it

of lignin fragments. Tween 20 was chosen as the

had previously becn recognised to be a good enhancer

hydrolysis, non.toxic and suitable for biotcchnical use (Tabka ct a1.,2006).

of enzymatic cellulose

CHAPTER 3

ETHANOL PRODUCTION FROM LIGNOCELLULOSIC WASTE MATERIAL

VIA BIOLOGICAL PROCESSES

3.1 .

Introduction
Lignocellulosic materials are the agricultural waste, low cost, available and abundant

feedstock. Not only, lhe need to develop cheaper raw materials but also the reduction of enzyme
cost for future ethanol production is considered essential (Guo et a1.,2008; Ko et al., 2009; KleinMarcuschamer et al., 2012).

The contribution of er,zyme costs to the economics of lignocellulosic biofuel
production continues to be a much debated topic. Whereas some authors argue that lhe cost

of

enzymes is a major barrier for biofuel production (Brijwani et al., 2010; Cherry and Fidantsef,
2003; Fang et al., 2009), othen implicitly assume that it is not, either because they estimate the
cost to be relatively low or because they assume that it

will

decrease with technological innovation

or other advances (Aden and Foust, 2009; Schubert, 2006).

Lignocellulosic materials consist of three components, namely cellulose, hemicellulose
and lignin, of which the first two can be hydrolysed to monomeric sugars. Rice straw is a widely

propagated lignocellulosic waste material

in the world. Rice straw contains approximately

35-40% w/w cellulose,25-30%o w/w hemicellulose in close association with l0-15% w/w lignin.
The cellulose and hemicellulose can be converted to fermentable sugars by enzymatic hydrolysis
process. However, Iignocellulose such as rice straw is diflicult to hydrolyze by cellulase due to its
recalcitrant and heterogenous structure. In the enzymatic method, the lignocellulosic materials are

finl

exposed to a pretreatment, where the cellulose structure is opened up for enzymatic attack,

and depending on the hydrolysis method, the hemicellulose might be hydrolyzed to simple sugars.

Xylanase and cellulase, the extracellular enzymes are the key enzyme for hemicellulose and
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cellulose degradalion, respectively. Bioconversion of hard lignocellulosic components by white

rot fungi, are due to their ability to produce high cellulases and hemicellulases (Sherift et
2010).

a1.,

It is well known that the optimization of pretreatment parameten for each different

feedstock

is an important

issue when enhancing the conversion efficiency during

the

lignocellulosic biomass-to-elhanol processes (Gupta et al., 2009).

The present research investigated the feasibility
lignocellulosic waste material
saccharification

via biological

of

ethanol production from

processes. The simultaneous pretreatment and

by using firngal enzymes and further fermentation process into ethanol

was

determined.

3.2 Materials rnd methods

3.2.1 Lignocellulosic substrate
Rice straw was collected from rice field in Ubon Ratchathani region. The residue
was cut, &ied in hot air oven at 70"C and milled to pass through 16 Mesh Laboratory test sieve
(Endecotts LTD- London, England)

in to pieces of 0.2-1.0 cm. and then were dried at 60'C for

three days before store in plastic bags.
3.2.2 The white rot fungus inoculation preparation
Cultures of the white-rot fungus
yeast

l.

polychrous Lev. LP-PT-I and thermotolerant

UBU-I-I0 were provided from Asst. Prof. Dr. Charida Pukahuta, Department of Biological

Sciences, Faculty

of Science, Ubon Ratchathani University. The white rot fungus L. polychrous

Lev.LP-PT-l was maintained on a potato dextrose agar medium at 35'C for 5-7 d. The white rot
fungus was grown on PDA plate at 35 "C for 5-7 days before cutting inoculating plugs. The
thermotolerant yeast UBU-I-IO was grown on YPD agar at 45oC for 24h. And all isolates were
stored at 4'C until further processing

3.23 Enryme production under solid state ferm€ntation
The enzyme production with Lentinus polychrous Lev. LP-PT-l under solid-state

fermentation (SSF) was carried out
adjustcd in

65%o

in

125 ml Erlenmeyer flasks with 4 g ground rice straw and

moisture content of following synthetic mcdium (per Iitre): l.0g NH.NO,, 0.8g

KH,POJ, 0.2g Na,HPOr, 0.5g

MgSOo 7H,O,4.0g ycast extract (Elisashvili ct al.,2008).
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Flasks were sterilized in the autoclave for 20 min at

l2l'C,

15 psi. The samples were allowed to

cool to room temperature, and aseptically inoculated with 4 plug cut from the margins ofthe PDA

culhre. The cultures were maintained statically at 35"C for 5 days in the incubator. All
experiments were performed in triplicate.

The extracellular enzymes were extracted by adding a ten-fold volume of
Mcllvain buffer pH 5 and transferred to an incubator shaker at 150 rpm at 2G!1"C for 30 min.

The supematant containing the fungal crude enzymes were sepafirted &om the solids by
cenhifugation at 10,000 g at 4"C for l0

min.

The supematants containing the fungal enzymes

were stored in 1-5 ml microcentrifuge tubes at -20'C prior to en4me assays.
3.2.4 The simultaneous pretreatment and saccharifcation with using fungal
enzym€s under submerged ferm€ntation

The pretreatment and saccharification condition was carried oul on 4 g of treated
rice straw after enzyme production in l25ml Erlenmeyer flask. The 4 g samples were aseptically
adding by 60 ml sterilized Mcillvaine buffer pH 5 after the enzyme production process. Cultures

were maintained at 50"C, 150 rpm in the incubator shaker. The samples were withdrawn and
centrifuged at 10,000 rpm for 10 min al 4'C in a refrigerated bench-top centrifuge (Univenal 32,
Hettich, Germany) and the supematants were analysed for enzyme activities, reducing sugar yield
and sugar analysis.
3.2.5 Fermentation
3.2.5.

I Thermotolerant

yeast inoculum preparation

Bioethanol production by the thermotolerant yeast UBU-l-10 was carried

out as follow: The yeast inoculums were grown on YPD agar plate at 45'C for 48h. The seed
cultures were prepared by inoculating a loopful of cells grown on YPD agar plate into a 250m1
cotton-plugged Erlenmayer flask containing 100 ml of YPD medium, followed by incubation at

45+0.5"C, 150 rpm for 24h in the incubator shaker. The yeast cells were harvested by centrifuge
5,000 rpm for 5 min, the supematant was decanted and cells were washed twice with sterile water.

The inoculation concentration of thermotolerant yeast UBU-l-10 was l.5xl0? cells ml-r in 60ml

working volume in all thc SSF experiments.

3.2.5.2 Simultaneous saccharification and fermentation at 45'C

The rice straw was hydrolysed with crude cellulases and xylanases

as

previously process and subsequently fermented with thermotolerant yeast UBU-I-10. The
hydrolyzate solution was supplemented with other nutrients (Modified Karimi et al., 2006),
(NH4)rSO4, 7.5;

IIHPQ, 3.5; MgSQ.TH2O , 0.75;

CaClr.2HrO.

l;

inoculated with 1.0x 106 cells

ml-r thermotolerant yeast UBU-I-10., and cultivated at 45'C, 150 rpm for 3 &ys.

All experiments

were performed at least in triplicate and results are presented as average values and standard
deviation. The cultures were examined for contamination by microscope and plate.
Flasks were sealed with rubber balloons and incubated at 45"C and 150

rpm. Then, samples were centrifuged for

l0 min at 10,000 rpm

and the supematant were

determined the ethanol content by gas ckomato$aphy (GC). Butanol (0-1%) was added in the
intemal standard3.2.6

An.Mical procedures
3.2.6.I Enzyme assays

The enzyme assays were determined by the correlation

of

activities (U/gds) and cellulose and xylose agar dilfirsion method. The supematants
enzymes were analysed for enz)"rne activity. Measurements were made

enzyme

of

crude

in 50mM citrate buffer

(pH 5.0), using the following substrates: 1.0% (Wv) carboxymethylcellulose low viscosity (CMC)

for cellulase; l-0% (w/v) xylan from oat spelt (Sigma) for xylanase. Enzyme activities were
determined by mixing 0.5 ml crude enzymes with

lml of appropriated

substrate (1.0%

dv)

in

Mcllvaine buffer (pH 5.0) at the 50 "C for 20 min (Ghose, 1987). Glucose and xylose standard
curve were used to calculate the cellulase and xylanase activities. In all assays the release

of

reducing sugars was measured using the dinitrosalicylic acid reagent method (Miller, 1959). One

unit ofenzyme activity was defined

as the amount ofenzyme, releasing 1

pmol ofreducing sugars

per minute. The total unit per flask culture was calculated by multiplying IU/ml by the total
volume of enzyme extract (Ferraz et al., 2003) and expressed as IU/gram solid of raw material.

All measurements were done using a UV-Vis spectrophotometer (Biospec 1601, Shimadzu).
3.2.6.2 Cellulase and xylanase agar diffusion method

The cellulase and xylan were tested for hydrolytic activity using thc
modificd agar diffusion method (Sac-lee, 2007). Tcn pl of suspension was dropped onto 0.lolo
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cellulose and 0.1% xylan agar. Cellulase assay was used as a cellulose-agar medium containing
0.1%o carboxymethylcellulose (Sigma) and

xylan agar medium added 0.1

0/o

xylan from oat spelt

(Sigma) for xylanase activity measurement. After 20 h incubation at 50'C, the plates were stained

with Gram's iodine for 3 lo 5 minutes (Modified Kasana et al., 2008). The hydrolysis zones of
clearance were observed.
3.2.6.3 Sugar analysis
The reducing sugar content was determined using the dinitrosalicylic acid

method. The composition

of

sugars was analyzed by high performance

liquid chromatography

(HPLC). Collected supematant was liltered with a membrane filter of 0.45 pm pore size, and
released xylose and glucose were analyzed by high performance liquid chromatography using an

Inertsil NH, column (4.6x250 mm) and an RI detector (Shimadzu). The flow rate of the solvent,
acetonitrile and water (75:25), was
3.2.6.4

I mVmin.

Viability assay

Viability assay was used as an measure of the amount of living fungal
biomass under submerged fermentation

at 50'C. 'fhe free yeast cell in hydrolysate during

fermentation at 45oC was investigated. The hydrolysate was diluted

in appropriate amount of

sterilized distilled water. Afterward, it was homogenized with vortex for 30s and proper dilutions
were made for these samples. For each sample, at least five dilutions were used for the viability
assay. Each dilution was aseptically dropped on PDA plate at three different spots (10 pVspot) in
replicates. The PDA and YPD agar plale were used for fungal and yeast viability assay. The plates

were incubated at 35'C for 48 h. The cell viability was expressed as the total number of colony
forming units.
3.2.6.5 Ethanol

Ethanol was measured by gas chromatography (GC), using a Shimadzu -

GC-I7A instrument, with a flame ionization detector (FID) and a Bonded polyethylene glycol
(PEG) capillary column (30 m x 0.25 mm, 0.25 pm film thickness) using helium as carrier gas.

The GC oven temp€rature was held at 100'C. The injector and detector temperature was
maintained at 200 and 180'C. Peaks were identfied on the basis

of sample coincidence with

retention times of standards, and quantified using peak areas and the corresponding response
factors. All the exf,eriments were carried out by triplicate
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3.2.7 Statistics
Triplicate determinations

ofall

experiments were performed, and the mean

values and standard deviations (S.D.) were reported.

3.3 Results and discussions

3.3.1 Enzyme production process under solid strt€ fermentation at 35oC

The xylanase and cellulase production from L. polychrous Lev. LP-PT-I under

solid state fermentation indicated lhat xylanase and cellulase were rapidly produced at 35oC in
early gowth penod (Fig 3.1). Xylanase production followed a similar trend to that observed for
cellulase production. Activity of cellulase was higher than xylanase. The xylanase and cellulase

production during the
Preservation

of

4

days was also quite high, and then enarmes were constant later.

cellulose during preheatrnent is expected

to improve its availability during

hydrolysis.

Xylanase and cellulase were produced during fungus growth. Xylan and
cellulose components could induce the production of xylanase and cellulase when used rice straw
as a carbon sources for fungus

mycelium

of

groMh. The rice straw could be pretreated by these enzymes. The

fungus covered rice shaw, that became soft, spongy and the color changed to

whitish-yellow. Also, Wan (2011) reported fungal enzyme pretreatment changed the struchre of
com stover significantly at the pretreatment process (Wan, 201 I ).
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33.2 The simultaneous pretreatment and saccharilication with using fungal
enzymes under submerged fermentation

The simultaneous pretreafrnent and saccharification of rice straw using fungal
enzymes in pH 5 of Mcillvaine buffer under submerged fermentation at 50oC were evaluated. The

reducing sugar yield of pretreated rice straw was rapidly increased for 2 days (2.0g/100gds).
Reducing sugar slightly released during hydrolysis oftreated rice straw for 6 days (2.7gll00gds)
(Fig

3.2).

The viability of L. polychrous Lev. LP-PT-I could not detected under submerged

fermentation at 50'C since

2 days. The xylanase and cellulase, produced under solid

state

fermentation, that hydrolyzed the biomass into reducing sugar under submerged fermentation at
pH5, 50'C. The optimization conditions of xylanase and cellulase activities were pH 5,

50"C.

It

was found that the hydrolysis with fungal xylanase and cellulase gave the increasing of xylose and

glucose under submerged fermentation at 50"C (Fig 3.3). Xylans, the major portion
hemicellulose

of plant cell walls, are heteropolymers

arabinose (Abdel-Sater and

consisting principally

of the

of xylose

El-Said,200l). Xylose was slightly increased under

and

submerged

fermentation at 50"C. Xylanase degraded xylan from rice straw into xylose. So, rice straw was
pretrcated by xylanase.
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The small amounts of glucose mainly due to the low cellulose conversion.
Xylanase could not completely degraded hemicellulose from cellulose. Cellulose could not be
convenient for enzyme accessibility. Moreover, lignin, a complex organic compound that binds to
cellulose fibers and hardens and strengthens the lignocellulosic material.
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33,3 Fermentation process at 45"C

The ethanol fermentation fiom lignocellulosic waste material via biological
processes at 45oC was investigated. The thermotolerant

UBUI-10 was inculated into fermentation

process. The free yeast cells were highly related to the reducing sugar, xylose and glucose
decreased during fermentation process at 45oC- Sugar was used as carbon source for yeast grou.th.

The reducing sugar, xylose and glucose were slow down. The theromotorlerant yeast, UBU-I-I0,
showed the capable of utilization xylose and glucose as carbon source for yeast growth in liquid

media at 45"C (Sutthikhampa et al., 2010). Ethanol (0.046glgds), was low for pretreated samples

mainly due to the low cellulose conversion. Hemicellulose limits enzymatic hydrolysis of
lignocellulosic biomass

by cross{inking with

cellulose fibers. Reducing much more the

hemicellulose content of the biomass helps to expose the highly ordered crystalline sructure

of

cellulose and facilitates substrate access by hydrolytic enzymes.

Table 3.1 Fermentation process at 45'C

Time (day)

Ethanol

Reducing sugrr

Xylose

Glucose

Yeast

G/l00gds)

(g/100gds)

@/r00gds)

G/l00gds)

(CrU/ml)

0

0.000

2.69+{.1

7.3

0.8

4.5x105

I

0.000

1.35a0.1

3.9

0.0

83.3 xl05

2

0.000

l.2l+0.1

0.7

3

0.046

t.26*0.t

101.7 x105
183.3 xl05

* denotes that no sugar was detected

3.4 Conclusions

The potential of simultaneous pretreatment and saccharification of rice straw by using

fungal enzymes, L. polychrous Lev. LP-PT-I, to degrade hemicellulose and facilitate biofuel
ethanol production was investigated. One

of the main challenges of fungal pretreatment is

to

improve enzymatic hydrolysis, separate hemicellulose from cellulose and thus preserving more
cellulose.
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In this study, the possibility pretreated rice straw by using L. polychrous Lev. LP-PT-

l

enzlmes under submerged fermentation at 50"C and pH 5. The hemicellulose was degraded by
xylanase to xylose. The hemicellulose removal may not be only factor that lead to higher cellulose

conversion. The low ethanol vield was obtained for pretrcated samples as a result of the limited
cellulose conversion.

CIIAPTER 4
CHARACTERIZATION OF CELLTJLASE AND XYLANASE FROM
I*ntinus polychrous Lev. LP-PT-I

4.1

Introduction
The microbial enzymes are relatively more stable and active with extraordinary

properties. Solid state fermentation has more advaniages than submerged fermentation due to low

capital investment, simplification of the fermentation media, absence

of complex

machinery,

reduced energy requirement and improved product recovery. The metabolites are more
thermostable in nature.

Nowadays the interest

potential applications

like

in cellulases and

xylanases have increased due

to many

bioenergy, biofuel production, biodegradation of lignocellulosic

residues, pulp and paper industrial process.
Since the production of hydrolyic enzymes is determined by different facton, mainly

when performed

in natural substrates. Many reports on

xylanase

ald

cellulase production are

mainly for bacteria and firngi(Archana and Satyanarayana, 1997; Samain et al., 1997; Cristina et
al., 1998; Gessesse and Mamo, 1999; Subramaniyan et al., 2001; Techapun et a1.,2001; Kumaran
el al., 1997:' Kim et al., 1997; Qimghe et al., 2004; Milagres et al., 2005; Niranjane, 2006; Fang et
a1.,20O7: Papinutti and Forchiassin, 2007; Maciel et a1.,2008; Sherief et a1.,2010; Sharma and

Arora, 2010) with only a few reports abovt Le tinus polychrous Lev. (Pukahuta et al., 2004;
Pukahuta et al.,

2005). However, little has been done on optimization cellulase and xylanase

production by Lentinus polychrous Lev.LP-PT-l using rice straw as substrate under solid state
fermentation cultivation.
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This shrdy examined the culture conditions of solid state fermentation, including
temperature, moisture contents and inoculum size for the production of cellulase and xylanase

with the selection of cheap and readily available substrate, rice straw. The characterization of
enzyme was further made, making the effect

ofpH

and temperature on the activity and stability

of

enzymes. Partial purification of enzyme and molecular mass determination were investigated.

4.2 Materials and methods

4.2.1 Lignocellulosic substrrte

Rice straw was cut, dried in hot air oven at 70'C and milled to pass through t6
Mesh Laboratory test sieve (Endecotts LTD., London, England). and then were &ied at 60"C for
three days before store in plastic bags4.2.2 Fungus and inoculation preparation

The culture of the white-rot fungus Zentinus polychrous Lev.LP-PT-l was kindly

of Biological

provided by Asst.Prof-Dr.Charida Pukahuta, Department

Sciences, Faculty

cf

Science, tlbon Ratchathani University and was maintained on a potato dextrose agar medirrm
(Himedia) at 35'C for 7 days, and stored at 4"C until further processing. The white rot fungus was

goum on PDA plate at 35"C for 5-7 days before cutting inoculating plugs.
4.23 Culture condition under solid state fermentrtion
The solid-state fermentation (SSF) with lanlurus polychrous Lev. LP-PT-I was
carried out

in

125

ml Erlenmeyer flasks with 4 g ground rice straw and adjusted the moisture

content with the following synthetic medium (per litre):

l.0g NHoNOr, 0.8g KHTPQ, 0.2g

NarHPOo,0.5g MgSOn .7HrO,4.0g yeast extract (Elisashvili et a1.,2008). The initial pH ofthe
medium was adjusted ro 6.0 prior to sterilization by adding 2 M NaOH and
sterilized in the autoclave for 20 min at
the margins

l2l"C

I M HCl. Flask

were

and aseptically inoculated with the plugs cut from

of the potato dextrose agar culture. The cultures were maintained statically in

the

incubator. The extracellular enzymes were extracted by adding a ten-fold volume of Mcllvaine

buffer pH 5.0 and transfcned to an incubator shaker

at t50 rpm at 30'C for 30 min.

The supematanl containing thc fungal crude enzymes were separated from the solids by
centrifugation at 10,000 rpm at 4'C for l0 min. The supcmatants containing the fungal cnzymes

J.'

were stored

in

1.5 ml microcentrifuge tubes at -20 "C prior to enzyme assays.

All

experiments

were performed in triplicate.
4.2.4 Elfect of temperature

The effect of temperature on the production of enzyme. by L. polychrous Lev.

LP-PT-I was studied by incubating the inoculated flasks at 20, 25, 27, 30, 35, 40, 45 and 50'C.
The enzfme activities were determined as described
4.2.5 Efrect of moisture coltents

To determine the optimum moisture content of the cultivation, the moisture
levels (50%,

55o/o,

6lyo, 65%, 70%, 75Yo znd

80olo moisture content)

were adjusted with the

above-mentioned synthetic medium (Elisashvili et al., 2008).
4.2.6 EIIect of inoculum size

Fungal inoculation plugs (0.5 cm diameter, 5 days old mycelium agar culture)

varying from one to twenty plugs were inoculated in a 125m1 flask coniaining 49 substrate
adjusted to 650lo moisture content with synthetic medium (Elisashvili et al., 2008) for 4 days at

35'C.
4.2.7 Enzymes characterization
4.2.7.1 Optimization oftemperature ard pH for enzyrne activity

Crude extracts were assayed for enzyme activity at temperatures ranging

from 10 to 80'C. Enzymatic activity was measured by incubating with the appropriated substrate
in 50mM citrate buffer, pH 5 for 20 min. The enzymes activity was determined

as described-

Similarly to the studies for determination of the temperature, the crude
enzymes were assayed

at pH values ranging from 3.0 to 8.0 (Mcllvaine buffer) with

the

appropriated substrate at 50"C for 20 min.
4.2.7.2 Stability ofenzymes at different temperatures and pHs

The pH stability, the crude enzyme preparation was diluted in Mcllvaine
bufter (l:2) in

a

pH range from 3.0 to 8.0 and incubated at 50'C for 60 min.
The thermostability of enzlrnes was determined by preincubation of the

crude enzyme at 35, 40,45, 50, 55, 60, 65 and 70'C in the absence of substrates. Aliquots were

withdrawn at timed intervals and immediately coolcd bclorc assaying to determine the residual
enzyme activity, using the enzymes assay procedure.
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4.2.8 Enzyme assays and proteins dctermhation

The supematants of crude enzymes were analysed for enzyme activity. Cellulase

activity was measured using carboxymethylcellulose low viscosity (CMC) as a substrate. Enzyme
activities were determined by mixing 0.5 ml crude enzymes with

lml of carboxymethylcellulose

low viscosity (1.0% w/v) in S0rnlv{ citrate buffer (pH 5.0) at the 50"C for 20 min (Modified
Ghose, 1987). Xylanase activity was assayed with the same method as cellulase assay but xylan

from oat spelt (Sigrna) was used as a substrate. After incubation of xylanase activity at the 50"C
for 20 mirU the mixture was centrifuged at 10,000 rpm,4'C for 10 min. The supematant was used

for the determination of the reducing sugars. Glucose and xylose standard curve was used to
calculate the enzymes activities. In all assays, the released of reducing sugars were measured
using the dinitrosalicylic acid reagent method (Miller, 1959). One unit of enzyme activity was
defined as the amount of enzyme, releasing

I

pmol of reducing sugars per minute. The total unit

per flask culture was calculated by multiplying U/ml by the total volume of enz).me extract
(Ferraz et al-, 2003) and expressed as U/gram solid ofraw material (Unit/gram dry subsn-ate).

The specific activity was expressed as unit of activity per milligram of protein.
The concentration of proteins was determined by Lowry's method, using bovine serum albumin as

stan&rd.

All

measurements were done using a UV-Vis spectrophotometer (Lambda 25, Perkin-

Elmer) and evaluated using UV-Winlab software fiom the same manufacturer.
4.2.9 Partial purifiation of enzynre by ammonium sulphate precipitation
The calculated amount

enzyme

to

ofsolid ammonium sulphate was added to 50 ml ofcrude

achieve 2040Yo saturation. After centrifugation at 4,000 rpm at

4'C for l0 min the

precipitates were dissolved in 5ml of Mcllvaine buffer pH 5.0. The enzyme solution was subjected

to concenkation and dialysis with Amicon (Millipore, USA). After centrifugation at 4,000 rpm
at 4"C

for l0 min. Enzyme activity and protein estimation were carried out on the dialysed sample.

The panially purified enzyme was used for further studies related to SDS-PAGE and molecular
weight determination respectively.
4.2.10 SDS-PAGE and molecular rnass determination.
For the subunit molecular weight measurement, SDS polyacrylamide gcl
elcctrophoresis (SDS-PAGE) was performed on 4oZ stacking gel and l0olo separating gel together

35

with a mixture ofa

set

ofmarker proteins. Protein bands were stained with Coomassie Brilliant

Blue R-250.
4.2.1

I Statistical analysis
Al[ the experiments were conducted in triplicate, and experimental results were

represented as the mean

+

standard deviation

of three identical values. Statistical analysis of

variance (ANOVA) was calculated (p < 0.05) using in SPSS.

4.3. Results and discussion

43.1 EIIect of temperature
This study investigated the productions effect ofdifferent incubation temperature
on xylanase and cellulase. Lentinus polychrous Lev.LP-PT-l was cultured on rice straw. In order

to produce xylanase and cellulase, in solid state lbrmentation at 20'C, 25'C, 27"C, 30"C, 35"C,
40"C, 45"C and 50"C, while the other parameters kept constant at 65% moisture contents, initial
pH 6.0 and 4 pieces of inoculum size. Xylalase, cellulase enz)rmes activities were determined at
the 4 days of incubation time.

The xylanase and cellulase production from Lenlinus polychrous Lev-LP-PT-1
under solid state fermentation indicated that cellulase and xylanase were rapidly produced at 35"C
on 4 days. The production of cellulase was higher than xylalase. Xylanase production followed a

similar trend to that observed for cellulase production.

.

The results are given in Figure 4.1. It was observed that the temperature at 27oC

showed the minimum temperature
temperature showed

of

xylanase and cellulase production. The maximum

at 35'C, while all other temperature exhibited lower enzyme activity.

Further increase in temperature up to 40oC resulted in sharply decrease in cellulase and xylanase
production. The optimum temperature was found to be at 35oC.
The rice straw, lignocellulosic material, had xylan and cellulose components that
can induce the production of xylanase and cellulase when used rice straw as a carbon sources for
fungus growth. The utilization ol insoluble lignocellulosic substrates by mushrooms depends upon

the production of enzymes (cellulases, hemicellulases, ligninases) that bring about hydrolysis

of

the macro molecules of cellulose, hemicellulose and lignin components, respectively thereby,
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librating low molecular weight nutrients (Buswell et al., 1993). The low molecular mass
degradation products of xylan and cellulose hydrolysis penetrate into the cells and induce the
production of hydrolyic enzl,rnes (Haltrich et at., 1996). The optimal temperatures for production

of

many other fungal cellulase ranged between 30'C and

temperaturc

l.

37'C. For

example, the optimal

for production of cellullase w:rs set at 35oC under submerged fermentation for

nrger (Sohail et al., 2009).
The level of xylanase production at 27"C, 30"C,35'C and 40"C at 4 days (4.42,

4.50, 5.18,4.68 U/gds, respectively) in this study was closed to that observed from some other
solid cultures ofC. subvermispora. Xylanase production during solid state microbial pretreatrnent

of com stover increased rapidly at the early stage and peaked value 4.18 U/g solid around 7 days

(Wan,

20ll).

While, xylanase production during the com stover biodegradaticn period of

120 days showed two peaks during a cultivation period and reached a maximum level of 8.9 IU/g

solid on 60 days (Xu et al., 2009).

The optimum temperature for enzyme production is similar to the optimum
temperature

for firngal growth its natural habital Pang et al. (2006) studied the optimum

temperature for xylanase production by Trichoderma spp. FETL c3-2 in solid state fermentation at

25-30'C. Similar observation was also reported by Sarao et al. (2010) in S. acremonium, Sudgen

and Bhat (1994) in Sporotrichum thermophile and by Biswas et al. (1990) in Aspergillus
orchraceus, who showed that the highest xylanase production were oblained at temperatures that
were optimum for the gowth of fungi under solid state fermentation.

The xylanase and cellulase production by L. polychrous Lev.LP-PT-l at
27-40"C

is in the

same range

of most

other xylanase and cellulase producing fungi.

It

is

noteworthy, that cellulase production by L. polychrous Lev.LP-PT-l was occurred at rather high
temperature (40'C). However, overall activities of the xylanase were still very low.
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43.2 Elfect of moisture contents
This study investigated the effect of moisture contents on xylanase and cellulase

production. The data shows the effect of the seven initial moisture levels on xylanase

and

cellulase production by L. polychrous Lev.LP-PT-1 under solid state fermentation within 4 days.
The production of cellulase fairly predominated over xylanase. T"he 75%o and 80%

moisture levels showed significantly higher cellulase production than other treahnents (p <

O.OS).

There was no sigrificance difference in xylanase production between 75o/o to 80% moisture levels.

However, The
50%o and

75%o

and 80% moisture levels showed significantly higher xylanase production than

55% moisture levels (P

. O.OS). These results are in agreement with Soliman et al. (2012)

showed the optimum initial moisture level for xylanase production by A. niger and T. viride was
75% (Soliman et al., 2012).

Further increase in the moisture levels supported the fungus growth that may be
enhance xylanase and cellulase production. Initial moisture content

of the substrate is important

for fungal growth and the metabolism in solid state fermentation (Reid,

1989). In a

solid-state

38

fermentation process, the moisture levels influences gro\\.th of Aspergiltus nrger, biosynthesis,

the

secretion

of

fungal enzymes and

protein stability (Pandey et al., 1994)- Growth of

Aspergillus niger and secretion offungal enz)rmes correlated well with the moisture levels in
solid state fermentation (Pandey et al., 1994).

20

o
18

of

'16

b
t,

14

E

E

o

12

f

'10

-9

8

t
s

6

o

4

E

ababbab

^ mu

%ub

m^

%ua

%!

Zy

CI

E
IIJ

2

0
65
M

oisture content

,9 9:!!Le!9E r,41?"",
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EITect of inoculum size

The effect

of inoculum size on xylanase and cellulase production is shown in

Fig 3.3. Seven levels ofinoculum size were testedThe inoculum size from

l, 2 and 4 pieces

cause the cellulase production increased

(10-6 Ug'r, I1.9 and 13.3 Ug'r). But further increase in the inoculum level fiom 4-20 pieces did nol

increase the xylanase and cellulase production due

to nutrient limitations. Lower levels of

inoculum may not be sufficient of initiating growth and enzymc synthesis.
The inoculum level at 0.5 cm per disk for the four disks in 49 substrate culture
was found to be optimum for xylanasc and cellulase production by L. polychrous Lev.LP-PT-1.
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Similar to Qinnghe et al (2004) reported xylanase production with the inoculum level at 0.5cm per

disk for the four disks in 50 ml liquid culture (com cob 2.5o/o+wheatbran2.5%o),by P. ostreatus
was found to be optimum for xylanase (Qinnghe et al., 2004).
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The cellulase and xylanase production effect of inoculum size.

43.4 Optimization of temperature and pH for enzyme activity
This study investigated the effect of temperature on the activity of crude enzlme
extracts at various temperatures ranging from 10'C to 80oC. Figure 3.4 shows the optimization
temperature

of cellulase and xylanase activities that produced by Z. polychrous Lev.LP-PT-1

between l0oc to 80oC. The crude xylanase activity increased with high temperature to 60"C.

The cellulase showed a good activity between 30'C to 60'C. Both enzyme activities exhibited
decreased at values above 60"C.
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Figure 4.4 Effect of temperature on xylanase and cellulase activities from Z. polychrous
Lev.LP-PT-1.

The optimization of pH of cellulase activity was investigated. Figure 4.5 shows
the effect of the pH on the crude cellulase and xylanase activities of L. polychrous Lev. LP-PT-I
was examined at various pHs ranging from pH 3.0 to pH 8.0.

The increasing levels of xylanase were obtained at pH 3.0 to pH 5.0 and
continued to decrease slightly with an increase in pH 5 to pH 8.The increasing levels of cellulase
were obtaine<i at pH 3.0 to pH 5.0 and decreased drastically with an increase in pH 5 to pH 8.0.

The increasing cellulase and xylanase activities of pH 5.0 resulted higher than

pH 3.0, 7.0 and pH 8.0 G, < 0.05). The increasing pH to 7.0, their activities were declined.
The optimum pHs of cellulase and xylanase activities were at pH range 4.0-6.0. The enzyme has a
broad range of pH activity (pH a.0-6.0). Similar to the pH optimum of cellulase activity was most

stable around pH 6.0 (Eriksen and Goks0yr, 1976). And the optimum pH for xylanase and
CMCase
2005).

of

Thermoascus aurantiacus

MIEHE were 5.0-5.5 and 5.0, respectively (Silva et al.,
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Figure 4.5 Effect of pH on xylanase and cellulase activities from I. polychrous Lev. LP-PT-I"

4.3.5 Stability of enzymes at difrerent temperatures and pHs

The crude enzyme was produced by L. polychrous Lev.LP-PT-l at 35"C for
4 days. The extracellular enzymes were extracted by adding a ten-fold volume of Mcllvaine buffer

pH 5. The enzyme stability analyses were carried out.

The thermostability

of

enzymes from

Z. polychrous Lev. LP-PT-I

was

determined by preincubation of the crude enzyme without substrate at 35, 40, 45, 50, 55, 60, 65
and

t

70"C.

The treated crude enzymes were then assayed for residual enzymatic activities using

enzyme assays and expressed as percentage of the appropriate zero time control.

Thermostability assays showed that the crude xylanase and cellulase were highly
stable at 35-60'C for 60 min. The xylanase and cellulase stability were high (above 80%) at
35-60"C. The xylanase and cellulase remained 6Yo and 14% of residual activity after incubation at
70"C for 60 min (Fie. a.6-a.7).
However, the xylanase thermostability remained more than 8l% of activity after
incubation at 60"C for 60 min. The xylanase of the present strain was more thermostable than that
the Pleurotus ostreatus in which the activity was lost about 97o/o at 60"C

for l5 min (Qinnghe

et al., 2004). Also, the L. polychrous Lev.LP-PT-l xylanase exhibited

considerable higher

of
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thermostability properties than the partially purified xylanases

of A. foetidus MTCC 4898.

The residnal xylanases of A- foetidus MTCC 4898 was less lhan 20yo at 6O"C for 30 min arrd
completely inactivated within

I

h (Shah and Madamwar, 2005). While, the purified xylanase from

F. proliferatum NRRL 26517 lost its stability at 60'C with only 22% residual activity for 30 min

(Saha,2002). Moreover, xylanase thermostability of Cheaetomium thermophilun retained below
60oloof the activity at 60oC

after

I

h (Katapodis et al., 2007). The xylanase from L. polychrous

Lev.LP-PT-1 are thermostable in high temperatures that would rapidly denature most xylanases

from other mesophilic fungi. Thus, the xylanase produced during the current shrdy would be
advantage over at least some ofthe other reported xylanase fiom mesophilic fungi.

The cellulase remained more than 81% of activity after incubation at 60oC.
The thermostability of cellulase of the present strain was similar the P. sanguineus. Cellulase
(CMCase) of P- sanguineus resisted up

to 60'C showing approximately 80% of the original

activity after I hr of incubation (Quiroz{astafreda et al., 2009). While, the cellulase of the prcsent
strain was more thermostable than that of the

8.

adusta tn which at 50'C half of the activity was

lost (Quiroz{astaieda et al., 2009).

Cellulolytic enz).mes that are stable at high temperahres can be used in cellulose
saccharification process at elevated temperatures to protect both substrate and products

of

the

enzymatic reaction from microbial contamination and deterioration (Hagerdal et al., 1980).

The xylanase and cellulase produced by L. polychrous Lev.LP-PT-l maintained
its stability over a broad of pH evaluated (Fig. 3.8). The xylanase stability showed an increase in

activity at pH 3.0 to pH 4.0 and then decreased slightly from pH 4.0 to pH 8.0. The xylanase
remained 50olo of activity was verified in pH 8.0, while high xylanase stability

(above 50 %) was

observed fiom 4.0 to 7 -0. However, the favourable pH range for xylanase activity was 4.0 lo 7 .0.

Similarly, the xylanase stability produced

from P. sclerotiorum. lt

active high stability (above

80%) was at pH 4 and 6 (Knob and Carmona, 2008). The cellulase stability was high (above 80%)
at pH 4.0-6.0.

A remarkable drop in cellulase activity was observed below pH 3.0 and above pH

7.0.

The xylanase and cellulase from L. polychrous Lev.LP-PT-l was a novel enzyme,
being active at pH 4.0-6.0 and was stable in acid and neutral pH range. The xylanase and cellulasc
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stability were high 8l% of residual activity after incubation at 60"C. These are desirable properties
for application in the pulp and paper, as well as in food industries.

s
3oo
o

rl,

9m

g

o

tr

20

50

55

Tcmperatwe ('C)

-+

+Cdlulase

4.6 Thermostability of xylanase and cellulase from Z. polychrous Lev.LP-PT-l
produced under SSF on rice straw. The crude enzyme was preincubated for 60 min
and residual

enzqe activity was

assayed by enzyme assays.

44

100

s

80

=
:

cn

(,

o
o

:(t

40

o

tr

20

0
30

Time (min)
l--o- 35

-r-

40

=r

45 -x- 50 -+r- 55

-+

OO

:f g!

z9l

100

80

s
'=

60

(,

o
o

so

40

d

20

0
30

Time (min)

-+- 35

-r- 40 --t- 45 -)<- 50 -+- 55 -+- 60 --'t- 65

-

70

(b)

Figure 4.7 Effect of thermo stability on xylanase (a) and cellulase (b) activities from
L. polychrous Lev.LP-PT-

l. The crude enzyme

was preincubated for 60 min at various

temperatures and residual enzyme activity was assayed by enzyme assays.

45

8ro
E60
(,
o
o

.:

40

G

o

fI20

345678
pH

+

Xylanase

.-+-

Cellulase

Figure 4.E Effect of pH stability on xylanase and cellulase activities from

I.

polychrous

Lev.LP-PT-1. The crude en4rme was preincubated for 60 min and residual enzyme

activity was assayed by enzyme

4.3.6 Partial

assays.

puriliation of enzyme by ammonium sulphate precipitation

The procedure for the partial purification

of

extracellular enzyme from

L. polychrous Lev.LP-PT-l is shown in Table 4.1. After 20-40% ammonium sulfate precipitation,
the partial purified protein appeared as a triple band on SDS-PAGE and had the molecular weight

of 45 kDa, 40 kDa and 35 kDa (Fig. 4.9). The enzyme was electrophoretically run at pH 8 on

l0% acrylamide gel and stained with

Coomassie

a

Brilliant Blue R-250. This protocol afforded

1.48-fold partial purification of cellulase from the crude enzyme. The specific acitivty of partial

purification cellulase was9.47 U/mg (Table 4.1).
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Trble 4.1 Summary of cellulase partial purification fuom L. polychrozs Lev. LP-PT- I
Purification Step

Totd activitl Totrl protein Spccilic ectivity
(rr)

Yield

Purilicrtion

(ng)

(U/mg)

(%)

(fold)

Crude enzyme

9.3

1.45

6.41

100

1.00

20_40p(NH4)rSq

12.5

r.32

9.47

134.41

1.48

Trble 4.2 Summary of xylanase partial purification fromZ. polychrous Lev.
Pu

rificetion Step

Totrl activitl Totll protein Specilic rctivity
(u)

LP'I|I'I
Yield

Purifcrtion

(mg)

(U/mg)

("/")

(fold)

Cmde enzyme

9.3

1.45

6.41

100

1.00

20-40%(NH)rSq

7.5

1.32

5.68

80.65

0.89
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Figure 4.9 SDS-PAGE of panial purified enzyme from Z entinus polychrous t*v.LP-PT- I (lane P)
stained with Coomassie Brilliant Blue R-250. (Lane M) is molecular weight marker.
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4.4 Conclusions

The results presented

in this paper show the importance of

characterization ofxylanase and cellulase produced by
The study

I.

studying the

polychrous Lev.LP-PT-|.

of the extracellular hy&olytic enzymes of the L. polychrous Lev.LP-PT-I,

showed that the firngus is more cellulase production than xylanase. The incubating temperahue is

one of the most significant factors strongly affected the production

of xylanase and

cellulase.

The optimum temperature for cellulase aad xylanase production is similar to the optimum
temperature for fungal grosrth its natural habitat.

All

the enzymes were stable over a broad pH

range and temperature.

The relatively good thermostability of xylanase and cellulase was maintained at high
temperature at 60'C

with 89oh a

SlY' of the relative activity. The use of higher temperature

(60'C) is inhibitory microbial growth, decreasing the possibility microbial contamination.
The xylanase appeared to be stable over a broad pH range 4.0-7.0. The cellulase stability was pH
4.0-5.0 with 94% relative activity. The partial purification was achieved using 20-40% ammonium
sulfate precipitation. The partial purified enzyme showed a triple band on SDS polyacrylamide gel
electrophoresis (SDS-PAGE) with an apparent molecular weight

of45 kDa,40 kDa and 35 kDa.

These are desirable properties for biotechnological and industrial applications.

CIIAPTER

5

GENERAL CONCLUSIONS AI{D RECOMMENDATIONS
FOR F['RTI{F'-R RESEARCII

Biotechnology is the knowledge of science and technology, which use the organisms

or

products

of

organisms

in various applications.

technology. The enzyme applications profit

to

of

Enzymes are the products

biotechnology. There

is a high

microbial

demand for

thermostable enzymes in the industrial processing.

The purpose of this work is to investigate the characterization

of

cellulase and

xylanase from len tinus polychrous Lev. LP-PT-I. The relatively good thermostability of xylanase
and cellulase was maintained at high temperature (6ffC). These results considered from effect

of

pH on xylanase and cellulase activity. The increasing levels of xylalase were obtained at pH 3.0

to pH 5.0 and continued to decrease slightly with an increase in pH 5 to pH 8. The increasing
levels ofcellulase were obtained at pH 4.0 to pH 5.0 and decreased drastically with an increase in

pH 5 to pH 8.0. However, the optimum pHs ofcellulase and xylanase activities were at pH range
4.0-6.0. The increasing cellulase and xylanase reaction of pH 5.0 resuhed highest trend of their
activities.
The xylanase and cellulase production from Lentinus polycirors Lev.LP-PT-l under

solid state fermentation indicated that the optimal temperature of xylanase and

cellulase

production were found to be at 35oC. Tlte 15% and 80% moisture levels showed significantly
higher cellulase production than other treatments (p < 0.05).

T-he 75% and 80oZ moisture levels

showed significantly higher xylanase production than 50% and 55% moisture levels (p < 0.05).

The inoculum level at 0.5 cm per disk for the four disks in 49 substrate culture was found to be
optimum for xylanase and cellulase production by

I.

po lychrous Lev-LP-PT-l

-

The thermostability of xylanasc and ccllulase were produced lsy L. polychrous Lev.
LP-PT-1, when grown on rice straw under solid state fermcntation. Crude enzymes were extracted

by Mcllvainc buffer pH 5 at 150 rpm for 30 rnin. Thc rclatively good thermostability ofxylanase
and ccllulase was maintained at high rcmpcraturc at 60'C with 89% and

8l% of the

relativc

49

activity. The use of higher temperature (60'C) is inhibitory microbial groMh, decreasing the
possibility microbial contamination.

The cellulase was stable at pH 4-0-5.0 with 94% relative activity. The xylanase
appeared to be stable over a broad pH range

of 4.0-7.0. High cellulase activity was achieved at

temperatures between 30 and 60"C. The xylanase activity increased with high temperature to
60"C. The optimum pHs for cellulase and xylanase activity were found in the range ofpH 4.0-6.0.
The partial purification was achieved using 20-40% ammonium sulfate precipitation. The partial

purified enzyme showed a triple band on SDS polyacrylamide gel electrophoresis (SDS-PAGE)
with an apparent molecular weight of45 kDa, 40 kDa and 35 kDa.

The reduction cost of feedstock and enzyme but also the enz,.rne stabilities for
conversion

of

lignocellulosic material into fermentable sugar were the altemative way for

biotechnology applications.
The enzl'rne production under solid state fermentation with white rot fungi provide and

altemative process due

to its

energy efficacy and environmental

benignity. This

demonskated that the white rot fungus L. polychrous Lev. LP-PT-I was capable

of

str-rdy

xylanase,

cellulase production. However, xylanase and cellulase production were still very low. Genetic
engineering can be used to increasing enzyme production from L. polychrous Lev. LP-PT-I.
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APPf,NDIX

a

a

l.

Potato dertrose

.g!r

(PDA)

39 g Potato dextrose agar
1000 ml Distilled water

2. YPD agar

l0 g Yeast extract
20 g Peptone from casein
20 g Dextrose
2O

g Agar

1000 rnl distilled water

3. YPD medium

l0 g Yeast extract
20 g Peptone from casein
20 g Dextrose

I

1000 ml distilled water
4. Synthetic media
1.0g Ammonium nitrate (NHoNOr)

0.8g Potassium dihydrogen phosphate (KHrPO4 )
0.2g Disodium hydrogenphosphate (NqHPOo)
0.59 Magnesium sulphate (MgSOo . THrO)
4.09 Yeast extract
1000 ml Distilled water

5. l7o Dinitrosalicylic acid reagent (17o DNS)

l0

g 3, 5-Dinitrosalicylic acid (DNS)

16 g Sodium hydroxide (NaOH)

300 Potassium sodium tartrate (KnaCrHnO6.4HrO)
1000 ml Distilled water

!
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6. l7o Xylan

I g Xylan from oat spelts

100n Buffer pH

5.0

7. 17o Carborymethylcellulose sodium salt (CMC)

I g Carbosymethylcellulose sodium salt

100r
8.

Buffer pH 5.0

l MCitrate bufier
210 g Citric acid monohydrate

(C.Hpr. HrO)

50 g Sodium hydroxide (NaOH)
1000 ml

Dstilled water

9. Methylene blue solution

0.3 g of methylene blue
30 mL

of95% ethyl alcohol

0.01 g ofpotassium hydroxide
100 mL of DI water

!

10. Gram's iodine

sKt

2.0

1.0 g iodine

300 ml distilled water
11.

Mcllvaine buffer solution

1l.l

0.2M Disodium hydrogen phosphate

28.392 g Disodium hydrogen phosphats
1000 ml Distilled water
I 1.2

0.lM Citric acid

21.014 g Citric acid (C6HsO7. H,O )
1000 ml Distilled water

!

(NqHPQ)

65

pH

0.2M NarHPOn (ml)

0.1M Citric Acid (ml)

3.0

20.55

79.45

4.0

38.55

6r.45

5.0

s 1.50

48.50

6.0

63.

l5

36.8s

7.0

82.35

17.65

8.0

97.25

2.75

12.0.5oh glucose and 0.5%o xylose
0.5 g Glucose
0.5 g Xylose
100 ml distilled water

l

13. 0.lo/o Ethanol (w/v)

0.1 g Ethanol
100 ml distilled water
14. 0.lo/o Butanol

(w/v)

0.1 g Butanol
100 ml distilled water

I
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15. Standrrd ethanol (0.G0.1yo Wv)

Table A.2 Standard ethanol (0.0-0.1% w/v)
Standard

Standard

Standard

ethanol (7o wfv)

ethanol

butanol

No

(0.1% wiv) (pl)

(0.1%

Distilled water (pl)

wv) (pl)

I

0.02

100

500

400

2

0.04

700

500

300

3

0.06

300

500

200

4

0.08

400

500

100

5

0.10

500

500

16. Glucose (1 my'ml)
0.1 g Glucose
100

ml Distille<i water

17. Xylose (1 mg/ml)

0.1 g Xylose
100 ml Distilled water

Table A,3 Standard sugar (0.0-1.0 mg/ml)
No

i

Standard sugar

I mglmt (ml)

Distilled water (ml) Standard sugar solution (mg/ml)

I

0.0

1.0

0

2

0.2

0.8

0.2

3

0.4

0.6

0.4

4

0.6

0.4

0.6

5

0.8

0.2

0.8

6

1.0

0.0

1.0
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17. Calculation of enzyme activity
One unit of enzyme activity was defined as the amount of enzyme, releasing I

pmol of reducing sugars per minute.

I mol Glucose

I

:

pmol Glucose

U/ml

180 g glucose

:

180 pg glucose

reducing sugars mg of

1

: 0.18 mg glucose
ml crude enzyme (mgml)

(0.18 mg) x min

U/gds

U/rnl x

total volume of enzyme extract (rnl)

gram solid of raw material (g)
Y

= 1.7023x

R2 = 0.994

t
1

1.0

€

0.8

CD

E

;o

0.6

!(,

0.4

o
o

0.2
0.0

0.00

0.10

0.20

0.30

0.40

Absorbance at 520 nm

Figure A.1 Calibration curves for glucose standard.

a
+

t
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Y

a

)

= 1.4555x

R2 = 0.9962
1.2

t

1.0

E

0.8

CD

E

o
o
o

0.6

x

0.4
0.2
0.0
0.00

0.10
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0.60 0.70

0.50
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Figure A.2 Calibration curves for xylose standard.
Y

^
I

:

= 2.1216x

R2 = 0.9339
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?0
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lnoculum size (pieces of fungus)

Figure A.3 Calibration curves for inoculum size of fungus.
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Y

Xylanase standard cuve (U/gds)

t

= 3.1946x

R2 = 0.8547

7.0

6.0
!D

E

CD

D

5.0

E
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o
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c

2.0
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IE
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Clear zone (cm)

Figure A.4 Calibration curves for xylanase standard

i
Cellulase standard curye (U/gds)

i
t

Y=

6.9335x

R2 =

0.93't2
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o

tt
CD
3

10.0

=

8.0

t
tg
o
o

6.0

s

6=
o

4.0
2.0
0.0
0.0

0.6

0.8

't.0

1.2

Clear zone (cm)

Figure A.5 Calibration curves for cellulase standard
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R2 =

0.9535
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Figure 4.6 Calibration curves for ethanol standard
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Figure A.7 Calibration curves for protein
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