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ABSTRAGT

The availability of high activity cellulase is the
major factor in determininz the efficiency of biodegradation
of cellulose. The slow rate of production, a lonz lag
period for induction, catabolite repression and the lack of
a proper method of recovery has been the stumblingz blocks
in this respect. A method of enzyme production, by starving
the mycelia before induction is found,not only to be rapid
but also,to cut down the lag neriod considerably. This
method is used furthzr to study the induction-repression
mechanism of cellulase enzyme. The inhibitory effect of
glucose is found to be in betwe>n that of transcriptional

inhibitors and translational inhibitors.

The mechanism by which surface active agents like
Tween-80 and Triton-X increase the production of enzyme has
besn studied. It is found that the presenc2 of non-ionic
surfactants is more important when the induction medium

-+

. + c L .
contains Ca than when it is absent. The presence of

surfactants during growth of the mycelia also has a favourable

effect in its cellulase producing éapability.

Adsorption-Desorption characteristics of cellulose-
cellulase system is studied with a view to understand the
possibility of recovery of cellulase. It is found that
optimum temperature and pH for enzyme activity are also
the optimum conditions for adsorption of the enzyme to

cellulose particles and,an abrupt change in temperature caused
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maximm desorpntion of the enzyme thus facilitating
its recovery. Tndoclucanase (CM case) activity was
studied after immobilizing with bentonite and

activated charcozal.



ACKNO WLEDGEMINT

It is beyond words to exnress my deep sense of
gratitude and respeet to Dr. B.D. Deshpande, Associate
Professor, 3iolozical Sciences Group, 3ITS, Pilani for
granting me the privilege to work under his supervision

and for the inspiring guidance.

I am greatly thankful to Prof. A.X. Dutta Gupta,
Dr. S.¥%, Xar, and Prof. A. Chatterjee for initiating me
into the exciting field of modern biology. My heartfelt
thanks are due to other teachers who have been always

a source of inspiration.

I am grateful to MDr. C.,R. Mitra, Director, BITS,
Dr. H. Subramanian, Dean, Faculty Division III, Dr. V.X,
Tewary, Dean, Research and Consultancy Division and

Dr. M.C. Joshi, Group Leader, Biological Sciences, for

providing me with necessary facilities during the entire

course of this work,

I acknowledge the financiagl assistance given

iv

to me by BITS and UGC at different stages of the research

work.
I thank all my friends for their co~operation,
z
Date:_2.3 [rdrerdhe i< (ZRUNAN M.G. )



CONTENTS

Supervisors Certificate

Abstract

Acknowledgemont

Contents

CHAPTER-T GEN TRAL INTRODUCTION
Cellulolytic Orranisms
Cellulase biosynthesis
Cellulolvtic engvme Systems
Purification and properties of
cellulases
Objzctive of the present work

CHAPTER-IT MATZRIALS AND MATHODS
Organism and cellulase samples
Determination of cellulase activity
Filter paper assay procedure
Mnalytical Proc=dures
Assay of cellulase activities

CHAPTZR~-IITI RAPID MABTHOD OF PRODTICTION OF CRLLULASES

Introduection
Materials and Methods
Results
Discussion and Conclusion

CHAPTIR~-IV  3FFICT OF SURFACZ-ACTIVE AGTNTS IN THT
PRODUCTTON OF WXTRACERTIULAR CSLLULASR
Introduction

Materials and Methods

ix

iv

16

19
20
20
21
23

24
26

27
46

52
54



Results

Discussion and Conclusion
CHAPTER-V ADSORPTION OF CTLLULASE ON CEILI,ULOSIC

MATERIALS

Introduction

Materials and lMethkods

Results

Discussion and Conclusion
CHAPTER-VI IMMOBILIZATION STUDIES

Introduction

lMaterials and Methods

Results

Discussion and Conclusion
CHAPTER-VII SUMMARY AND GENERAL CONCLUSION

REFERAENC S

54
65

71
3
74
84

90
94
94
102
103
108

vi



GENERAL INTRODUCTION



CHAPTER~

GENERAL INTRODUCTION

The main structural substance in the primary and
secondary cell walls of plants is cellulose and as such
it is the moat abundant organic material present in
nature. Chemically cellulose is a homopolymer composed
of D-Glucose units linked together by p-1,4 glucosidic!h
bonds, Native cellulose consists of bundles of cellu-
lose chains called microfibrils which are bound later-
ally by hydrogen bonds and vander waals forces into a
linear structure. The molecular arrangement within
each microfibril is usually regular (Cowling, 1963%;
Cowling, et al 1969), In nature it exists together with
other substances like hemicellulose, lignin and pectin
which tend to inhibit its biological degradation. Cell-
ulose degradation is consequently a slow process both
in vivo and in vitro and only relatively a few groups of
bacteria and fungi are able to degrade cellulose (Norkans,
1962),

Cellulose is one of the major components of
minicipal waste, the disposal of which has been drawing
considerable attention for many years. The composition
of the mnicipal refuse in an industrialiseq society is
given in Table 1.1. Purther, agricultural wastes algo
have a considerable amount of cellulose, The incinerg-

tion process by which the solid wastes are degradeq in
?



effect, only shifts the form of pollution from land to
atmosphere, Chemical degradation processes, also instead
of reducing, invariably, complicates pollution problems,
As cellulose in nature is found associated with many
different substances, acid or alkali hydrolysis results

in many abnoxious byproducts,

Cellulose can be effectively degraded by micro-
organisms, Reese, et al (1972) has discussed the
advantages of enzyme hydrolysis over acid and alkall
hydrolysis, BEnzymes generally known as cellulases
hydrolyse the p-1,4-glycosidic linkages of cellulose
resulting in unit molecules. Glucose and other soluble
- cellooligosaccharides are effectively converted into
protein, chemicals and energy (Mandles, 1975, Mitra
and Wilke 1375; Ghose, et al, 1375). In biogas produc-
tion, cellulose degradation has been identified as a wale
limit ing step (Bryant, 1972)., An effec;tive method to
remove this bottleneck may be by means of enzyme pre-
treatment of the substrate by cellulases.

There are many problems that confront the process

of effective biodegradation of cellulose wastes,

1. The nature of waste materialss Cellulose found in
nature is interwoven with substances 1ike U enin,
pectin etc., which form a protective layer.

2., Cellulolytic Organisms: Though meny cellulolytic
organisms are available, their ability to produce
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adequate amount of enzyme is less, Mutations
could increase the production rate of enzymes

only by two to four folds (Manels, 1975).

3 Enzyme Purification end Recoverys Almost half
the cost of enzymatic hydrolysis process is en
enzyme production itself (Mitra, et al, 1975).

4, Product inhibitions The rate of enzyme activity

slows down as the product accumulates in the medium.

Cellulolytic Organisms:

The availability of high activity cellulase is the
basis for a successful process for enzymatic conversion
of cellulose. This depends on selection and improvement
of suitable strains for enzyme production and develop-
ment of fermentation methods for producing cellulase in
quantity, Meny fungi and bacteria degrade cellulose,
producing microbial cells, carbon dioxide and methane.
Only a few fungi such as Trichoderma viride (Berghem et
al,1973; Mendels et al, 1969 and 1974; Selby et al, 1967:
Toyama et &1, 1972). 2. Lignorum (Eriksson, et al, 1971),
I, Xoningii (Wood, T.M. 1972a, 1972b and Halliwell, 1971
and 1975), Spivotrichum pulverulentum Syn, €hrysospori um
lignorm (Streamer, et gl 1972), Aspergillus wemti
(Briksson, 1975) and Fusarium solani (Wood T.M, 1972a)
are known for their ability to produce high activity

cellulases capable of degrading insoluble cellulose into
soluble sugar, in vitro, In addition, there are nany
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orgenisms that produce cellulase preparations which de-
grade only soluble derivatives of cellulose such as

carboxymethyl cellulose, whileifew organisms produce very
1ittle residual cellulase of any type, despite their

active growth on insoluble cellulose. (Mandel et al, 1969).
This is due to the fact that cellulase is a complex of
enzymes and enzyme-like faetors and that not all members

of the complex are necessarily found in the culture fluid
after growth of the organism., The practical sacchari-
fication of waste cellulose requires a stable cell-free en-
zyme preparation with adequate levels of all essential
components of the cellulase complex. So productiom of high
levels of enzymes is no adequate criterion'for selec-~

ting organisms to be used as a source of cellulase (Mandels

et al, 1975).

Cellulose degrading forms also occur among the
gliding bacteria, among Gram-negative and Gram-positive
bacteria and among actinomycetes ( Siu, R,G.F,, 19513
Goksoyr, et al, 1975).

Cellulolytic activity is alse found ameng obligate
aerobes (gliding bacteria, pseudomonas ), facultative
aneerobes (Bacillus, Cellulomonas) and obligate snaerobes
(Clostridium) (Goksoyr, et gl, 1975). Recently, ther-
mophilic orgenisms have also been studied for their ability
to produce cellulases. The ascomycetes, Chaetonomium
thermophile var.dissitum, g typical thermophilie fungusg
is able to produce a cellulolytic system decomposing native



cellulose. Interest in thermophilic organisms has been
stimulated by the search for thermostable cellulases,

However, cellulases from thermophiles are not necessarily

heat stable than cellulases from mesophiles (Mandels, 1975).

Altheugh much work has been done with other organisms,
T, viride and T, koningli still remain to be the best

gource of extracellular cellulases,

One possibility of attaining high overall cellule-
lytic activity lies in mixing the enzymes produced by
different organisms. The advantages of using mixed enzyme
prepsrations for hydrolysis of complex ecellulosic substances
have recently been shown by Ghose et al (1975). However,
the mechanisms of cellulose decomposition may be different
in different microbes (Goksoyr, 1375).

Cellulase Biosynthesis:

The production of cellulase depends on selection
and improvement of suitable microbial strains and on the
development of fermentation methods, Mogt of the research
concerning production methods have been done using I. yiride
in spite of its long cultivation time. Mitants of T,viride
have brought about only three to four f£0ld inecrease in
cellulase yields which is low in comparison with the hyper-
production of some other fungal enzymes (emylases, proteasss
etc,) The former may be a result of a different induction
mechanism of cellulases (Znari et al, 1971). Catabolite
Tepression is another regulatory mechenism by which concen-

tration of cellulase is controlled (Nisizawa et al, 1971 ang 1



Trichoderma Species produces various carbohydrases
like xylanase, mamase etec, besides cellulase. Therefore,
for waste cellulolytic materials, it may be desirable to
use thé same waste materials a8 a carbon source to induce
the proper mixture of enzymes, The basic media for growth
and cellulase production by I. wiride contain pepton or
urea as nitrogen source, different cellulose preparations
as carbon source and necessary minerals. It has been well
established that surface active agents like Tween-80
stimulate the production of extracellular enzymes (Reese
et al, 1963, Ghose et al, 1975).

Cellulase is an inducible enzyme complex in T,viride
(Nisizawa, et al, 1971a and 1971d), but has been shown to
be constitutive in Pseudomonas flurescens (Suzuki, 1975).
Cellulase is produced when I. viride is grown on cellulose,
lactose, glucose and cellobiose (Mandels et al, 1957).
Glucose does not appear to be an inducer since a high initial
concentration is required and synthesis of cellulase begins
only after glucose is totally exhausted from the medium.
The slight indueing effeet of glucose is presumably caused
by sophorose found during acid hydrolysis of starch (Nisizawa,
et al, 1971a and 1971b; Brown gt al, 1975; Mandels et al,
1960), Though sophorose has been found by Mendels et al,
(1962) to be a potent inducer, it has not been proved that
it would be involved in the synthesis of cellulase in

natural conditions.



Cellulose is converted mainly into cellobiose
and zlucose during hydrolysis with cellulase enzyvmes,
Cellobiose in turn, markedly stimulates the production
of cellulase if the fungal growth is restricted by
culturing under suboptimal conditions (llandels et al,
1960). Although cellobiose at low concentration sti-
mulates the production of cellulase (Ghose et al 1975)
its precise role in the induction mechanism has not
yet been shown. In growing fungal cultures, cellulases
are also inhibited by products of their action (Mandels
et al, 1960 and 1375; Ghose et al, 1975). Crystalline
cellulose can be used as the socls carbon source for
cultures (Mendels et al, 1357, 1360 and Tomita et al,
1968). In washed cells neither cellulose nor cello-
0ligo saccharides induce the formation of cellulase

(Nisizawa et al, 1971).

Sophorose is not a degradation product of
cellulolysis and therefore if it is g natural inducer,
1t must be synthesized during the induction phase.
Nisizawa and coworkers (1)71b) demonstrated that sopho-
rose addition considerably enhanced the formation of
xylanase as well as that of f-zlucosidase wheresas
cellulase was synthesized only in the presence of soph-
orose, showing that it also causes de novo cellulase
synthesis. It has been shown that most of the increase
in glucose producing enzyme activity by sophorose ig
due to the enhancement of exoglucanase activity

(Nisizawa et al, 1971b).



Cellulolytic Enzyme Systems:
The degradation of crystalline cellulese is a complex

process requiring the participation of many enzymes. Reese
et al, (1950) first suzgested the conversion of native
cellulose to soluble sugars based on a two step process.

' The so-called C; component of the enzyme was postulated to
cause some disorganisation of the eellulose chain as a pre-
liminary to the hydrolysis by CX enzymes. According to
these workers, micro-organisms which grow only on soluble
cellulose synthesize only CX components, whereas micro-
organisms capable of growing on highly ordered forms of
cellulose produce both C1 and C,. The latter group of

X
microorganisms include Trichoderma viride, T. koningii,

Fusarium golani, Penicillium funiculosum, Spirotrichum

pulverulentum ete. However, it was on the basis of obser-
vations made with actively growing fungi that 01 - CX hy-
pothesis was first formulated and it Wwas many years later
until a cell-free filtrate from T.viride was isolated which
was gufficlently active on highly ordered cellulose to
conclude that a C, component was present (Mandels et al,
1964). Native cellulose on exposure to cellulase from
this group of organisms shows extensive change in its physical
properties like increased capacity of alkali and moisture
absorption, transverse cracking, loss of tensile strength
ete,, before pro\ducing any measurable amount of reducing

sugars (Halliwell, 1965, Marsh, C.A., 1966 and Rantela et a1
——’
1968),
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There is substantial evidence for the existence of
a 01 component in multi-component enzyme systems of true
cellulolytic microorganisms. However, controverpy still

exists about the specificity of various 01 components and
about the original two-step sequential 01 - Cx mechani sm.
There are contradictory claims on the matter. Some of the
important observations are in the following paragraphs.

Selby and Maitland (1963) isolated C, component, a
Cx component and a cellebiase fraction from cultures of T.
viride using sephadex and iom-axchange chromatography. The
C, fraction by itself did not support any cellulose degrada~
tion but 1t was active in presence of Cx fraction. The
. important findings of these observations were the striking
~ synergestic action of C, and C;. Two possible hypotheses
were proposed, 01 makes cotton fibre more susceptible for
CX action or that C, is inhibited by the products of its
own reaction., The second possibility finds support from
the faet that additional synergestic action of ceilobiase
fraction was observed. Furthermore, 01 activity was found
to increase by 50 percent when similtaneous dialysis against
water was carried out (Halliwell et al 1972 and 1973).

Recent advances however, elucidated the mechanism of 01
action and suggest it to be a cellobiohydrolase acting as
an exoglucanase against native and derived forms of cellu-

lose (Halliwell gt gl 1972; Berghem gt al, 1373).

Many reports contrary to the pProposed hypothesig
that C, initiates attack on crystalline cellulose have
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appeared in the literature. Wood (1962) and Wood and McCrae
(1972) purified C, component from cellulase complex of L.
koningii and F._solani wusing gel filtration, ion exchange
chromatography and electrofocussing methods. The purified

01 component was found to possess a limited ability to produce
reducing sugars from a solution of CM-Cellulose, but was not
able to attack the highly ordered cellulose by itself. It
attacked oligo-saccharides (Cellotetrose and Cellohexose)

and cellobiose was virtually the sole product of the reaction.
Similar results were also reported by Petterson et al (1972)
with purified C, component from T, zig;gg,' Nisizawa et al
(1972) reported that purified CM-Cellulase fraction degraded
cotton at a much faster rate than purified 01 fraction.
Similar results were also reported by these workers from
culture filtrates of Irpex Lagteus., Streamer et al(1968)
observed that if dewaxed cotton was pretreated with endo-1,
4-p-glucanase, the exo-1,4-p-glucanase enzyme released much

more degradation products than from an untreated cottom.

All these observations strongly supported the alternative

theory that the Cy (endoglucanases) acting randomly over the

cellulose chain go in first and open up chain ends where 01

(exoglucanases) can act.

At present, the most generally accepted view is
that 01 enzyme is an exo-f-1,4-glucanase which has been
shomn to be a cellobiohydrolase in case of T.viride and

I koningii (Halliwell, et al, 1975). According o the

Present view complimentary action of endo ang exo-glucanageg
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hydrolyse crystaline cellulose to soluble cello-oligosa~
ccharides, mainly cellobiose (Wood, 1978, Pettersson 1975,
Wood et al, 1975 amd Bisaria 1977). The current tirend is
to consider the cellulese engyme system to be composed as

followe (Reese 1375).

1. BEndo-g-1,4=-glucanases are present with several
components varying in degree of randommess. One
of these may be the enzyme that acts first on 'Cry-
stalline' Cellulose.

2. Exo-p-1,4~-glucanases are present in varieties.
f-1,4=-glucohydrolase, removing single glucoase units
from the non reducing end of the chain., "Th& cello-
biohydrolase is being equated with the old C, enzyme
by many investigators (Halliwell, et al 1373, Pettar-
sson, 1375, Wood et al, 1975 and Tomita et al, 1374).

3 B-glucosidase (eellobiase) is also present. The
relationship of this enzyme to the glucohydrolase
has not yet been darified,

For complete activity on crystalline cellmlose, it

is necessary that Beveral of preceding components be present

in the reaction mixture.

Purification and Properties of Cellulases:

One of the main difficulties with the purification
of cellulolytic enzymes is the choice of substrates. Pure
cellulose is composed of very long chains of f=1, 4-linkeg

glucose units, neverthcless.there is controversy on how
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these chains are arranged in the microfitrils in wood and
cotton. The question whether regions of less well-ordered
cellulose chains exist, in the microfibril is of fundemental
importance and is yet to be solved. Native cellulose fiwres
such as cotton are poorly defined as enzyme substrates and
are unsuitable for enzyme assay, since their rate of hydro-
lysis by enzymes is very low, Moreover, some cellul@ses

do not have a readily determinable effect on crystalline
cellulose such as cotton., Commercial cellulose preparations
such as Avicel are more rapidly hydrolysed but cannot be
used as an universal substrate, since it is not attacked

by all of the enzymes present in cellulolytic culture
fluids. A cello-oligosaccharide, such as cellotetrose, is
attacked by all known types of cellulolytic enzymes but is
rather difficult to prepare. It may be concluded that if
one wished to discover all the different cellulolytic enzymes
present in culture fluid several different substrates are
required (Selby, 1968)., Another factor tending to render
the purification difficult is that the cellulese enzymes
are nearly always present as isoenzymes, often differ only;
slightly in isoelectric pH and are therefore difficult to
separate., It is also not certain whether the components
resolved, for instence, by isoelectric focussing actually
represent species of the same type of enzymes or if they

differ in specificity. Wood (1972 and 1975) seperated the

cellulese complex produced by T. koningii into six pure
components using gel filtration and isoelectric focussing
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techniques. These components were a single exoglucanase

(C1 ), three endoglucanases (CX) and two p-glucosidases.

The complex thus consists of many isoenzymes. The exo-
glucanase was found to split off cellobiose from non-reducing
end of the cellulose chain (Wood et al, 1972) and thus
systematically designated as B-1, 4-glucan cellobichydrolase
(BE.C. 3.2.1.-~). The endoglucsnase hydrolysed B-1, 4-glucens
in a random fashion and were systematically called f-1, 4-glucan-
glucanohydrolases (E.C.3.2.1.4.). The endoglucanases can

be differentiated by the randommess of their attack on
carboxy methyl cellulo;ae and by the rate of solubiligation
of phosphoric acid-swollen cellulose (Wood, 1972). Working
with the cellulase system of the rot fungus S. pulverulentum

Eriksson and coworker (1975a and 1975b) iéola.ted five endo-§g-
1, 4-glucanase: Pettersson et al (1975), fractionated the
cellulase complex of I. viride into four componemnts. Two of
the components were endoglucznases. The exoglucanases were
ehown to be cellobiohydrolesses. Some of the properties

of cellulase components isolated from T, viride are summarized

in Table 1.2 (Petersson, et al, 1975).

Thermostability is one of the most important technical
property of cellulases since the hydrolysis of cellulose
proceeds faster at higher temperatures. Endoglucanases are
quite stable upto 4 hours at 60°C and pH 5.0, -glucosidase
and exoglucanase of I. koningii resemble one another in
L T iy e e

and pH 5.0 in less than 4
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hours. (Wood, 1975). In the presence of cotton, the cellu-
lases of T. koningii end F. solsni are remarkably stable

showing no loss of activity when incubated for four weeks

at 37°C end pH 5.0 (Pettersson, et al, 1975).

The initiation mechanisms of the degradation of
cellulose has not yet been completely clarified. Eriksson
and coworkers strongly feel that at least in S. pulverulentum
an oxidizing enzyme is involved in the initiation of cellu-
lose degradation. These authors suggested that the role of
oxidizing enzyme was to oxidise cellulose by inserting
uronic acid meeties and thus breaking hydrogen bonds between
two cellulose chains. S. pulverulentum further has been
shovn to produce the enzyme cellobiase: quinone oxido -

veductase which participated in the degradationbf cellulose
in wood (Wood, et al 1975, Westermark et al, 1974a and 1974b).
The discovery of this enzyme indicated that at least when
wood was the substrate the mechanism of fungal cellulose
degradation was not simply a synergestic action between endo

and exoglucanases. The mechenisms of action of the eellulase

complex may be very different in different orgenisms (Wood,1375).

Objective of the Present Work:

It has been reported (Mitra and Wilke, 1375) that the
cost of enzyme make up during hydrolysis is nearly 50 percent
of the cost of cellulose hydrolysis. So the availability
0f a high activity cellulase and the development of an enzyme

recovery process can considerably increase the efficiency of
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the process. Bven the most effective mutation technique
could yield only four fold improvement in cellulase produc-
tion., This low hyperproduction of cellulases compared to

the hyperproduction of some other fungal enzymes (amylases,
proteases etc.) is suspected to be the result of the possible
difference in the mechanism of production of cellulases.

This i8 all the more pertinent as it has been found that the
induction-repression processes of extracellular enzymes may
be different in eukaryotic organisms, Further the character-
istic insoluble nature of the initial substrate also is
significent with reference to the induction of cellulases,

Cellulase release is enhanced by non-ionic surface
active~agents, But the exact mechanism by which the produc-
tion of extracellular enzymes increase is not yet found out,
The knowledge of the mechanism of increased enzyme production/
release with the help of surface active agents would go a
long way to optimise the process of production of enzyme with
high activity.

The study of the cellulose-cellulase adsorption
characteristics is very important not only in enzyme fer-
mentor process design but also in the process -
of recovery of used enzyme components. Proper techniques
may be developed to purify the enzyme by utilizigng the
knowledge of specific adsorption-desorption characteristics

of cellulose-cellulase system.

The slow rate of enzyme production in cellulase
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producing organism has been a matter of utmost concernfor

long.

However, Nisizawa et al (1971) could obtain a faster

production of enzyme by washing the mycelia, before trans-

ferring to an induction medium, A better method of rapid

production of enzyme not only would have significance in

the field of application of cellulose degradation process,

but also would aid tremendously in elucidating the basic

medhanism of production and release of cellulase.

Therefore, the present work is mainly concentrated

towards:

1.

The biological aspect of cellulase production namely:

(a) - a rapid method production of cellulase

(b) - the induction repression mechanism of extracellu-
lar cellulases

(¢) - the mechanism of action of surface active agents

in the enhancement of cellulase production;

The biochemical properties of cellulase enzyme namely

(a) - the adsorption-desorption characteristics of

cellulose-cellulase system and

(b) - the immobilization of the enzyme and the possible
change in reaction kinetics, with a view to reuse
active cellulases in order that the process of

utilization of cellulose becomes more efficient
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CHAPTER-II

MATERIALS AND METHODS

ORGANISM AND CELLULASE SAMPLES:

Trichoderma viride QM 9414 obtained from U.S. Natic
Army Laboratories, Natic, Mass, USA, was used as a source
of exo-and endoglucanases-rich cellulase enzyme for pre-
paration of enzyme samples., The culture was maintained on
potato-dextroxeagar medium. The compositioh of the medium

used for cellulase production was as follows:

1litre 11 tre
(NH4)ZSO4 1.4 FbSO47HéO 5.0
KH2P04 2.0 MnSO4.Héo 1.6
Urea 0.3 ZnSO4.7H20 1.4
08012 0.3 00012 2.0

HgS0, . TH,0 0.3

Cellulose 0,75 percent
Tween 80 0,20 percent
Initial pH 5.0

The pH of the medium was adjusted with 1N citric acig

or with 1M KH2P0 4 Temperature of the culture was maintaineq

at 29°C, in an incubator water bath (SEy),
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The culture was centrifuged or filtered to remove the

solid mycelia and the culture filtrate was used as the cruds
enzyme preparation.
DETERMINAT ION OF CELLULASE ACTIVITY:

Cellulase activity was determined following Filter
paper assay method. (Mandels et al, 1976). This method as

developed at Natic has been used for a simple, easily repro-
ducz able measursment of Saccharifying cellulase to predict
the action of the enzyme in extensive conversion of com-
centrated cellulaese., Filter paper activity is the mg. of
glucose produced when 0.5 ml, of enzyme solution acts on

50 mg, of Whatswman No. 1 filter paper at pH 4,8 and 50°C for
one hour. Filter pgper units are calculated as the micro-
moles of glucose produced per minute in the above assay
based on the enzyme dilution to give 2.0 mg. of glucose. The
cutoff value of 2,0 mg. was chosen because the hydrolysis
curve is fairly linear to above this value and it represents
4 percent hydrolysis of the filter paper.

FILTER PAPER ASSAY PROCEDURE:

1. Reagents: Whatman No. 1 filter paper cut into 1 x 6 cm,
strips (50 mg.). Buffer 0,05 M sodium citrate PH 4.8 Glucose
standards in paffer. Dinitro salicylic acid (DNS) reagent

for reducing sugar.
2, Filtered or centrifuged culture sample to remove so0lids

3. Placed 0,5 ml, of enzyme solution and 1.0 m1, buffer in
18 mm, test tube., Added a filter raper strip and mixed on
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a Vortex mixer to coil the filter paper in solution.
Incubated for one hour at 50°C, Added 3 ml. of DNS reagent

to stop reaction. Placed the tubes in boiling water for

5 minmites and determined the reducing sugar as glucose.
Included a blank tube (without filter paper) to correct for
any reducing sugar present in the enzyme preparation. The

milligram of glucose produced in this test is the filter
paper activity.

4, The DNS reagent measures reducing sugar nonspecifically.
When glucosewas used as @ standard,values for cellobiose
were 15 percent low and values for xylose wepreabout 15 per-

cent high on a weight basis,

ANALYTICAL PROCEDURES:S

Estimation of redugcing sugars: Dinitrosalicylic acid (DNS)

method (Summer and Somers, 1954 ).

INS Reagent: To 300 ml ef 4.5 percent NaOH,were added

800 ml. of 10 percent dinitrosalicylic acid and 255 gnm pf
Rochelle salt. To 10 gm. of crystalline phenol was added
22 ml. of 10 percent NaOH, diluted to 100 ml. and mixed.
6.9 gm. of sodium bisulfite was added to the DNS solution.
The resulting solution was mixed well until all of the
Rochelle salt was dissolved £nd it was kept in coloured,

tigh?.y stoppered bottle. 3 @l. of the reagent containeq
9

by titration with phenolphthelein as indicated, the equivalent
of 5 to 6 ml. of the tenth-normal NaOH,
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To 1 ml, of sample containing 0.2 to 2.0 mg. of
reducing sugars 1 ml. of citrate buffer (0.5M, pH 4.8) and
3 ml, of DNS reagent were added. The mixture was heated for
five minutes in boiling water bath and diluted to 10 ml.
after codling. The absorbance of the developed colour was
measured by Spectronic-20 at 600 nm, Glucose standard was

prepared for each set of determination,

DETERMINATION OF SOLUBLE PROTEIN BY FOLIN-CIOCALTEAU METHOD

(FOLIN AND CIOCAITEAU, 1927).

Reagent A: 20 gm, Na2003 + 4 gm NaOH dissolved in water

and made upto 1 litre.

Reagent B: 2.5 gm., CuSO,.. .5 H20 + 5 gn, sodium citrate

40
dissolved in water and made upto 500 ml.

Reagent I: 50 ml. of A + 1 ml, of B.

Reagent II: Folin-Ciocalteau's reagent, (Biochemicals Unit,

V.P. Chest Institute), diluted 100 percent (V/V) with distilled
water, Reagent I and II were prepared immediately before use,
5 ml. of reagent I ware added to 1 ml. of sample containing
20~2001ug of protein, thoroughly mixed and allowed to stand

at 30°C for 10 minutes. 0,5 ml, of reagent IT was then

added rapidly and mixed on a Vortex mixer. The tubes were
‘allowed to stand at 30°C for 30 minutes and the absorbance

of the colour was read at 680 wm, Bovine Serum albumin wag

used as standard protein,
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ASSAY OF CELLULASE ACTIVITIESS

The enzyme activities of cellulase are expressed in

terms of international units, i.e, 1.P mole of reducing
sugars formed in 1 minute. The specific activities are
expressed in units per mg. of soluble protein,
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CHAPTER-III

RAPID METHOD OF PRODUCTION OF CELLULASES

3.1,0 INTRODUCTION:

Crystelline cellulose can be used as the sole source
of carbon for cultures of cellulolytic organisms. (Mandels,
et a1, 1957, 1960 and Tomita et al, 1968). However, where
the mycelia was in the process of production of cellulases,
induced by sophorose, addition of cellulose on cellobiose
inhibits the process (Ghose et 21 1975). In washed c
cells also cellulose or cello-oligo saccharides did not
induce the formation of cellulase whereas sophorose did.
(Nisizawa et 21, 1971). It should be understood that these
observations were made with an engyme production system of
very slow rate. Further, whereas Mandels, et 21 (1957)
took. many days to observe an experimental result Nisizawa
et al (1971) could obtain the enzyme production with a lag
period of 4 hours after induction., However, the findings
by the latter workers showed an advancement in the sense
that the washed mycelia when induced, produced the enzyme
more rapidly then the unwashed mycelis. The lag phase wa$
also reduced remarkably. But no attempt was made to eXplain
the reason for a faster induction. That the enzyme produc-
tion is repressed directly or indireetly by ecatabolites has

been established by many workers including Nisizawa, et a]
—— !

(1971 and 1972). It is therefore Treasonable to assume that
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the inhibition of enzyme production observed when c2llulose

or cellobiose were introduced is due to catabolite repre-
ssion, considering that in all cases the time taken for
induction process is long and the rate of production is alow,
This is corroborated partly by the finding that cellobiose
can serve as an inducer when the mycelia are grown under
suboptimal conditions (Mandels, et al, 1960). PFurther, one
of the observations by Nisizawa et al (1971) that the same
glucose grown mycelia samples, one at 15th hour and another
at 30th hour when induced, had shown a lag period of 15 hours
and 2 hours respectively before the production of cellulase,
also gives credence that either glucose or some of its
metabolites are possibly acting as agents of repression.
That the washed mycelia induced faster production of enzyme
led to the loglcal extension of the work to allow the washed
mycelia to be kept for more time in the washing solution or
in effect, to starve the mycelia and to study its effect on

enzyme production.

It is observed that the mechanism of enzyme induction-
répression may not be the same as put forward by Jacob and
Monod (1961) for E. Coli (Nisizawa, 1971a2). Further, the
induction-repression mechanism of extracellular enzyme may
be different from that of cell-bound enzymes, BEarlier
studies on cellulases of T, yiride were less than convine-
ing due to the longer induction period and the slow rate of

eénzyme production. Hence with the development of g method



for rapid production of cellulases, which is described

in this chapter the studies on induction-repression mecha-
nism is made more reliable. This is more significant
because of the starwation the mycelia is put to prior to
induction, that it eould be proved whether cellulase

production is the result of de novo synthesis.

3.2.0 MATERIALS AND METHODS:

Glucose as well as cellulose grown mycelia of

Trichoderma viride QM 9414 of different age groups were

used for the work, The culture conditions were given in

Chapter-II,

The mycelia were harvested and washed with phosphate
buffer (pH 4.8) and kept suspended in the buffer and ... *
submerged in a starvation medium for specific time. The
starvation medium contained ~':aﬁ other constituents of the
culture medium except the carbon source, At definite inter-
vals the starved mycelia were transferred to the medium
equivalent to the starvation medium with inducer. The FPA ]
was estimated at definite intervals and compared with thé.{
of the unstarved myéelia put under induction., Before
transferring to the induction medium the mycelia were taken
out of the starvation medium pressed in between two charred
hatman No.1 filter papers to dryness anq weighed., Equal

amount by weight of mycelia was then transferred to the
induction medium.
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glucogide are also poor inducers. Cellulose, cellobiose

and Carboxy Methyl Cellulose acted as inducers.

3,3.4 Performance of Glucose Grown Mycelia as Against

Cellulose Grown Mycelia in Rapid_Production of Cellulases:

Equal amounts by weight of 25 hour o0ld glucose grown
and cellulose grown mycelia were starved for 15 hours and
induced with 1 x 10'"1 M Sophorose. The enzyme activity
was tested after 12,24, 48 and 87 hours. Glucose grown
mycelia in each case, showed more enzyme production thetf the
cellulose grown mycelia. (Table 3.4 and figure 3.1).

3¢%.5 Effect of Ageing on the Rapid Production of Cellulases:

Glucose grown mycelia of different age representing
stationary phase (57 hours), late log phase (39 hours),
middle log phase (25 hours) and early log phase (16 hours)
were transferred to an induction medium with 0.5 percent
SOphorose’after putting the mycelia under starvation for -
12 hours, The enzyme activity in FPA was estimated 60
minutes after inquetion., The results are shown in Table 3,5
and Figure 3,2,

Within 60 minutes of induction the more aged mycelig
were found capable of producing more enzyme with the excep

tion of the Stationery phase mycelia,

Figure 3.3 shows the effect of age on the rapid

production of mycelia in more detail, The amount of e
nzyne,

the late log (39 hours) phase mycelig produced in 30 minut
§ es’
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the early log phase (16 hours) mycelia produced only
within 174 minutes, whereas middle log phase (25 hours)
mycelia and stationary phase (57 hours) mycelia produced
that much enzyme within 36 minutes and 54 minutes respec-
tively. The capacity of older mycelia to produce more
enzyme within a short time was observed. However, after
5 days of induction the mycelia of different ages reached
a stabilizing peak and the FPA did not show any signifi-

cant change from each other.

3.3.6 BEffect of Induction Medium in Rapid Production Cellulase:

25 hour old glucose grown mycelia after 15 hour starva~
tion were transferred to a medium containing culture medium
free of carbon source., Adequate amount of Sophorose (1 x 10-1M)
was added as an inducer. FPA was determined and compared with
those in which phosphate buffer (pH 4.8) and distilled water
replaces the culture medium and induced by'SOphorose

(1 x 10”1 M), Tae results are shown in Table 3.7,

Within 75 minutes the induction medium did not
influence the production of enzyme significantly though
the culture medium sample showed slight increase in acti-
vity compared to other sampleS. This was amplified after
48 hours, as there was significant difference: in the total
enzyme activity (Table 3.7).

343.7 Bffect of Cyclic AMP on Nonstarved Myeelia cultured
in Glucose on Production of Cellulase:

25 hour old glucose grown mycelia were washed with

Phosphate buffer and induced in presence and absence of
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different amounts of cyclic AMP. 25 hour: old glucose
grown mycelia were starved for 15 hours eand were treated

with and without cyclic AMP?ggrved as control: . (Table
3.8);

Nonstarved mycelia produced more enzyme in presence
of cyclic AMP, though the amount of cyclic AMP had no

significance within the range. Cyclic AMP has no percep-
tible effect on starved mycelia,

3,3,8 Effect of Removal of Inducer on Cellulase Production:

Since cellulose was found to be a successful inducer
upto 150 minutes without causing inhibition, the effect
of the presence and absence of an inducer once induction
was started, was studied by removing the s01id cellulose
particles (rayon pulp pieces) from the induction medium.
Diffused particles of inducers may still be available
for some more time, but sufficient time was given for

the system to degrade whatever particulates remaineq,

25 hours olgd glucose grown mycelia were starved for
15 hours and transferred to the induction medium where rayon
Pulp pieces were used as the inducer, After 15 angd 48
hinutes of induction the pleces were picked up with the
help of a stainless‘steel forceps from some of the flasks
and other flagks were treated as controls with induecers
all along the experimental period, Results are shown in
Table 3.9,
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Removal of. inducer had remarkable effect on further
enzyme production as in both cases the enzyme production

was repressed when the inducer was removed.

In another experiment where cellobiose and sophorosSe
were used as the inducer the mycelia wers washed thoroughly
by suspending and agitating in phosphate buffer and were
then transferred to a non-inducer medium at the 15th minute.
A control was maintained as one group of sampies was trans-

ferred to an induction medium after washing with phosphate

buffer. Results are shown in Table 3.10.

The presence of inducer is found to be essentiasl throu-

ghout the induction pericd.

3.3.9 Effect of Rifampicin, Glucose, Cyclohexamide, Chlo-~
ramphenicol, Penicillin-G, Actinomyecin-D and Strep-

tomyein during Induction of Cellulases:

Drugs like Rifampicin, Cyclohexamide, Chloramphenicol,
Penicillin-G, Actinomycin-D and Streptomycin were adminis-
tered to the induction medium after induction : . started. |
The effect of cyclic AMP and glucose was also suudied.

Starved, glucose-grown mycelia were induced in a
cellobiose ( 1 x 10~ 11) inddcing medium and cyclic AMP
(0,05 M gm/ml) Rifampicin (500 p gn/ml), Glucose
(1 x 10”1 M) cyclohexamide (500 jp en/ml), Chloramphenicol
(500 ) gn/ml), Penicillin-G (500 J em/ml), and Streptomycin

(500)1 gm/ml) were introduced to samples in duplicates at
the i
15th minute)the results are shown in Table 3.11,
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The effect of drugs on enzyme activity was studied by
administering appropriate amount of drugs in control culture
filtrates and by studying their effects on cellulase activity,
It has been found that none of the drugs including cyclic
AMP and glucose showed any significant effect at the adminis-
tered quantity on enzyme activity.

Figure 3.4 shows that the effect of glucose is in
between that of transcriptional level inhibitors 1like
Rifampicin and Actinomycin-D and the protein synthesizing
inhibitors like Chlorampheniecol and Cyclohexamide. Strep-
tomycin, Penicillin-G and Cyclic AMP did not show any
effect during induction at the administered level.

In another experiment the effects of cyclic AMP during

the inhibition of cellulase induction by Cyclohexamide,

Rifampicin and Glucose were studied.

The inducer used was 1 X 10-1 M Sophorose, At appro-
priate intervals eyclic AMP (0.051u gn/ml) was added,
Samples in quplicates were teken and the results whown

in Table 3.12 is the average of two identical experiments,

The result showed that in Glucose inhibited mycelis
¢yclic AMP reverses the repression (Fig. 3.5) whereas
Rifampicin treated and Cyclohexamide treated as well as
in control cyclic AMP has no significant effeet at the
quantity administed.
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inducers as sophorose. This may be made possible because
within such a short interval the products are not excess-
ively formed which could inhibit enzyme activity., Also
gince the mycelia were starved the whole amount of glucose
formed aS a result of spurt in enzyme activity might have
been, Sooner, consumed. by the glucose-starved system. This
should explain the sustained enzyme production for further
more time,

Around 15 hours of starvation was found to be optimum

for the rapid production of cellulase (Table 3.2).

Glucose grown mycelia were capable of producing more
cellulase activity than cellulese grown mycelia (Table 3.4).
Though an explanation is warranted, with these limited

observations any categorical assertion might only prove

immature °

A similar observation calling for explanation was made
when the effect of ageing of mycelia in their capacity to
produce cellulase rapidly was studied. (Table 3.5 and 3.6
and Figure 3.2). Stationary phase mycelia (57 hours)
produced much less enzyme compared to 39 hours old mycelia.
However, in actively growing mycelia as the age increases

the capacity for production of cellulase inereases,

The importance of induction medium is ascertained in
the experiment where the inducer was added to a buffer or

distilled water (Table 3.7). The salt medium was found
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to sustain the rate of enzyme production whereas distilled
water almost inhibited the production after sometime
(presumably caused by the leaking of salts from inside the
mycelia). The presence of certain ions are probably a
prerequisite for sustained production and activity of
cellulases.

That unstarved mycelia on addition of cyclic AMP
behaved like Starved mycdlia in the rapid production of
cellulases may point towards a possible involvement of a

cyclic AMP mediated process in regulating the enzyme pro-
duction.

Nisizawa et al, (1971) in their studies with washed
mycelia did not attempt explaining the reason for a faster
induction of cellulase, though some of their observations,
mentioned earlier, leads to conclude that the presence of
glucose or some intermediary metabolites are posSsibly the
agents of - repression. The starvation experiments and
especially the effect of the duration of starvatjon shows
that a catabolite repression mechanism may be causing the
delay and resulting in the slow rate of production of enzyme,
That cellulose grown mycelia are also affected by'starvation
leads to think that glucose and more so some of itg cata-
bolités are regulating the synthesis of cellulase. Cyelic
AMP effect only confirms this point and implies g Possible
involvement of a cyclic AMP gsystem in the production control
of cellulases.



ol

When sophorose was used as an inducer and when glucose
added to the induction medium at the 15th minute after
induction started, cellulase production was inhibited within
45 minutes, Therefore the inability of cellulose and cell-
obiose as inducers noticed by earlier workers ( Mandels,
et al, 1960, 1961 and 1362 and Nisizawe et al, 1971 and 1972)
and further the inhibition effect of cellulose and cello-
biose during cellulase induction (Stermnberg, 1376) in a
growing culture of I. viride may be due to the absence of
a rapid method of induction of cellulase., The desirability

of studying the whole induction-repression process based

on rapid enzyme induction process need not be over-emphasized.

.. * The necessity of the presence of inducer through-
out the induction period is established when the induetion
was found to terminate at the removal of the inducer from
the medium (Table 3.8 and 3.9). Cyclic AMP, Streptomyein
and Penicillin-G did not have any effect furing induction
whereas Rifampicin, Glucose, Actinomycin-D, Chloramphenicol
and Cyclohexamide inhibited the production of Cellulases,
Rifampicin and Actinomycin-D acted by ihhibiting the trans-
cription where as Chloramphenicol and Cyclohexamide inhibited
the enzyme production at the site of protein synthesis ag
the drugs are known for the respective activitieg, (Burger
1972). Glucose uplike in earlier Studies, instead of
behaving like Rifampicin wag inhibiting to the extent that

the effect is intermediate ang in between that of mRNA
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inhibitors and nrotein smthetic inhibitors. The
pecnuliar glucose effect was more pronounced in another
exneriment whare the effect of evelic AP during the
action of inhibitors of induection was studied (Table e 3
Tt was found that cyeclic AP reverses the slucose effect
at least for certain time just after its administration
whereas with other inhihitors of induction cyelic AP
has no effeect. Thisagain sugsests that the inhibitory
effeet of glucose may be totally in a different fashion
to that of other inhibitors tested. Further, it is
worth suggesting that a cyclic AP mediated mechanism
may be acting in the induction-repression process of
cellulases, at least where glucose is involved. Another
ohservation made earlier that cyclic AMP induces a

starvation effeect in non-starved mycelia further

corrohorates it.
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CHAPTER-IV

EFFECT OF SURFACH-ACTIVE AGENIS IN THE PRODTICTION OF
EXTRACELLULAR CELLULASES

4.1.0. Introduction:

That surfactants have a role in enhancing the
production of cellulase is known. But the explanation
how surfactants act to increase engyme yields is largely
conjectural. It is known that the agents used are not
generally toxic to micro-organisms and also that the
release of enzymes occurs sometime {days) after the
complete consumption of substrate, i.e., probably from
0old cells, but not from cells undergoing autolysis, since
there is no accumulation of autolysis products (Reese
and Maguire, 1969),

The enzyme cellulase was induced when cellobiose
octaacetate served as the carbon source for the fungi
which also produced the necessary esterases. By this
means, yield of cellulase were very much higher (4 to
100 times) than those obtained on cellobiose (Mandels
and Reese, 1960). Sometime later these workers found
that other fungi growing on sucrose monopalmitate give
yields of sucrase (10-16 times those of obtained on
sucrose)(Reese and Mandels, 1962), Sucrose plus pal-
mitate could not substitute for sucrose palmitate., Ag
for cellulase, it appeared that supplying the inducer at

a low level, through hydrolysis of egter was the basig
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for increased yield (Reese and Maguire, 1969),

Tween-80 and related surfactants have been used
for sometime in bacterial cultures to assist in growth.
They have also been found to promote entrance of comp-
oumds into cells. Thus mycobacterial cells grown with

Tween-80 have an increased permeability to triphenyl

tetrazolium (Paumeson, et al, 1364). Pseudomonas

aeruginosa cells grown in a medium containing Tween-80

are much more susceptible to inhibition by benzalkonium
chloride and polymyxin-B (Dastuge, et al, 1959 and

Brown and Richards, 1374.) and are much more reponsive

to anaesthetics (Cocaine, Xylocaine ete.) in the presence
of surfactants. These indicate that surfactants promote
both entrance and exit of compounds from cells, Surfac-
tants have effect on fungi other than those reported
above, Takahashi et al, (1360), reported that there is
a tend:ncy for growth in shaken flasks to change from
pellet form to mycelium of a more dispersedtype. Reese
and Maguire (1369) confirmed these findings in their
report. Krezminski, et al (1760) reported an increased
production of carotene in Neurospora. In this instance

the product remained inside the cells. Apparently

surfactants do not work in the same way.

Actions of Tween-80, Triton-X angd other detergents
like Sodium Dodecyl Sulphate (SDS) ang deoxycholate ang
Ethylene Diamine Tetraacetic acid are studied. The rol

. e

of non-ionic surfactants are studied further with g



view to establish at which stage the surfactants act
to enhance the production of enzyme. The study is
also aimed at finding out other factors that influence

the increase in production of extracellular cellulases.

4.,2.0. Materials and methods:

The rapid method of production of cellulase
(Chapter-III) is followed. Tween-80, Triton-X (BDH),
SDS, Deoxycholate and Sthylene diamine tetraacetic acid
(BDH) were used. catt ionophore (2244) was kindly

supplied by Base Chemicals, New York,

Mycelia were grown in media with and without 7Tween -

80. Phosphate buffer (pH 4.8) was used. Basal medium

is the culture medium without a carbon source,

4,3.0, Results:
4.%.1. Effect of Surfactants on cellulase production:

Tween-80, Triton-X, SDS, EDTA and deoxycholate:
were used to study the effect on cellulase production.
04 percent of these chemicals were added to the
culture medium in place ofol percent Tween-80 in the
original culture medium (Chapter-II). The starvation
and induction media were also supplied with 045 percent
of these chemicals instead of the original0q percent
Tween-80. Equal weight of mycelia were used to induce
cellulase production. Growth of mycelia in EDTA wag
very less and so the concentration was reduced o 0005

percent in the culture medium for EDTA sample, A control
s . 70



was used without any surfactants. The results are shown
in Table 4.1.

Tween-80 and Triton-X enhanced the production of
cellulase significantly. The starvation medium and the
induction medium showed the presence of ultravoilet
absorbing compound when Deoxycholate and 3thylene diamine
tetraacetic acid were used. SDS did not cause any leakage
in the cells as is shown by the absence of ultraviolet

absorbing compounds and also did not enhance the cellulase

production.

4,%,2 Effect of concentration of surfactants on cellulase

production:

Tween-80 and Triton-X at different concentrations
were used to find out the maximum concentration for optimum

production of cellulases. The results are shown in

Table 4.2.

As the concentration increases the production also
jncreases. But when the concentration goes beyond 0.%
percent the growth seems to be affected and a slight colour
difference in the mycelia is also observed. However, ultra-
violet absorbing substances were not found even at this
concentration. Iween-80 at a concentration of O0M% percent

did not affect enzyme activity.

4.3.3. E_j;fect of Tween-80 grown mycelia in cellulase

production:

25 hours 01d Tween-80 grown ang non-Tween-80
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grown mycelia were starved for 15 hours in a Tween 80
medium and transferred to a Tween-80 induction medium.
Another sample was induced in a medium containing no

Tween-80. The results are shown in Table 4.3.

The presence of Tween-80 during mycelial growhh
has got effect in determining the production of cellulase,
as shown by the difference in activity between C and D
(Table 4.3).

The effect of the presence of Tween-80 in induction

medium is also shown (The difference between A and 3 in

Table 4.3).

4.3.4 =zffect of Tween80 during Starvation:

The starvation medium was added with an& without

Tween-80 @1 percent). The results are shown in Table 4.4.

For Tween-80 mycelia starvation medium did not have
significant effect whereas for non Tween-80 mycelia the
presence of Tween-80 in starvation media is important.
This is more pronounced in the case when the induection

medium does not contain Tween-80,

4.,35: Bffect of salts on cellulase production in presence

of Tween-80:

To study whether other factors influence the enhaneceq
cellulase production by means of Tween-80, induction was
carried out in a medium containing 311 tne salts of the

culture medium and compared ° with that of the inducti
on
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in a medium comprised of buffer.Tween-80 mycelia were
used in both cases., The starvation medium was without

Tween-80. The results are shown in Table 4.5,

Tween-80 and non- Tween-80 mycelia in presence of
Tween-80 in induction medium favoured basal media to
buffer. But when Tween-80 was not present in the induc-
tion media basal media or buffer did not make any differ-
ence for both Tween-80 and non-Twe=n-80 mycelia, When

Triton-X was used in an identical exveriment the result
was not different.

4.3.6 Effect of specific cations during induction:

When the basal medium used for induction was free
of Tracemix (Chapter-II) the result did not differ sig-
nificantly (Table 4.6).

Basal medium in presence of Tween-80 showed no
difference in influencing the production of cellulase
whether with or without Tracemix. The possibility of
cations like Pe™™, zn™ ‘in** ang gott influencing the

cellulegse production is ruled out,

The other possible cations are Ca** ang Mg++. In
an experiment Ca012 was replaced by Mg012 in both star-
vation and induction media. The results are shown in

Table 4.7.

Basal medium in presence of Tween-80 showegd more

cellulgse production when g+t Was not substitutegq b
y

61

Mgt*. When Tween-80 Was absent the substitution did not
no
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evoke as significant response as when it wes present.
This was more pronounced in the case of non-Tween-80
mycelis.

In another experiment the induction medium was
buffer. CaCl, (1.5 percent)\was added to it before the
mycelia were transferred. A control was maintained
without Ca012. Enzyme production was estimated in pre-
gence and absence of Tween-80. The results are shown
in Table 4.8.

The presence of Ca™ enhanced the Tween-80 effect
in cellulase production. The enzyme production is
enhanced considerably only when both catt and Tween 80
were present.

Tween-80 mycelia starved in a medium without catt
was used in another experiment where Ca'tt ionophore
(2244 ) was used. Tween-80 replaced ionophore in another
get. The basic induction buffer medium did not contain
Tween-80. The results are shown in Table 4.9.

The influx of ca™ is presumably enhanced by
jonophore : (2344 ) and the parallel effect when Tween-80
was used goes to show that apart from other sctivities

Tween-80 might somehow enhance the calciun influx

resulting in more release of the enzyme,

4.4.0, Discussion and conclusion:

Tween-80 and Triton-X enhanced the cellulase pro

duction while SDS did mot show any promoting effect j
C in
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the producticn of cellulase, Deoxycholate (0.8 percent)
and EDTA (0.0Q@fpercent) caused leakage of cell content
as srown by the ultraviolet absorbing materials in both
starvation and induction media. SDS however, did not

seem to cause 1eakage in the cell membrane or cell wall.

As the concentration of Tween-80 and Triton-X was

increased the cellulase production also was increased.

In order to find out at what stage among the
growth, 8tarvation or induction of the mycelias. the
presence of surfactants is critical for an enhanced enzyme
production, the experiments conducted showed(Table 4.3 and
4.4) that the presence of surfactants duting growth has
gignificant effect, but it is also evident that its
presence in the induction medium enhances the production
of cellulase irrespective of its presence during growth,
At least for Eween-80 grown myceliz the presence of
Tween-80 in starvation medium was not very significant
though in the case of nonfween-80 grown mycelia the
presence of Tween-80 in the starvation medium caused the
increase in cellulase production when induced in non-
Tween-80 medium (Table 4.4). Therefore, it is imperative
that surfactants act not only on the structural constitu-
tion (cell wall or cell membrane), but its presence is
needed for a sustained enzyme production at higher leve],
It has been found recently that the fatty adiq composi-
tion of the cell wall changes when surfactants ape used

in the culture medium, as has been establigheq when the
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Tween-80 treated mycelial cell walls contained more
msaturated fatty acids than in the nontreated ones.
(Umesaki et al, 1977). It is presumed that as the
unsaturated fatty acids increase, the permeability is
likely to increase. But, from the above observation

it is found reasonable to assume that surfactants may
have more than the role of changing the cell wall fatty

acid constitution causing permeability difference.

With a view to understand the possihle role of

other factors influencing th#produetion and felaase
of cellulase,the part played by salts in the induction

medium was analysed. It must be noted that in an earlier
experiment on induction the salt content of the induc-

tion medium was found to influence the amount of extra
cellular enzyme (Chapter-III).

It is found (Table 4.5) that the ionic concentra-
tion in the induction medium is decisive to a great
extent on the amount of cellulase released. At the same
time it is establighed that this role of saltiseffective
only when the induction medium has Tween-80 (Table 4,5
group B). Triton-X also showed indentical results in ga
separate experiment.

It is interesting to note that, as stated earlier,
the ionic concentration influences the production of
extra cellular cellulase, when Tween-80 is present in the

medium than when Tween-80 is absent, The cations
are
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isolated and studied in order to establish if any specific
cations are necessaryv in bringing about the effect.. The
trace mix containing Zn++, Mn++, Fett and Co*™ did not show
any effect (Table 4.6). But the basal medium without
trace mix (7able 4.6) showed the sustained increase in

production of cellulase. Of the cations in the rest of

of

+he solution and among the two bivalent cations, Ca is

krown to cause an increase in secretory activities. There-

++

++ . o .
fore, when Ca was replaced by Vg in an induction

medium, the effect, enhancing the production of cellulase,
was curtailed when Tween-80 was present than when Tween-80
wos absent. This establishes that ca™ is needed for

the maximum production of cellulase in presenc: of Tween-80.
This was further confirmed in a study wvhere buffer induc-
tion médium replaced basal induction medium when 1.5

per rent (weight/volume ) calcium chloride was added

(Table 4.8).

Sinece it is known that an extraordinary calcium
influx caused more secretory activity it is suspected that
the surfactants cause this extraordinary influx of calcium
to the mycelia activhting the secretory vescicles. In gn
experiment vhere ca*t influx was artificially increased
by ionophore, the production of the enzyme increased accord-

ing to the concentration of catt present in the medium
(Table 4.9). Tween-80 also caused a similar inerease in an
identical experiment. <This is reasonable therefore, +to
sugzest that surfactants cause an influx of cgt?t to

increase the enzyme 8ecretion,
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CHAPTER-V

ADSORPTION OF CELLULASE ON CELLULOSIC MATERTALS

5.1.0. Introduction:

There are only a few documented information des-

dribing the mechanism of adsorption of cellulases on

cellulosic materials. Since adsorption of cellulases

on cellulosic substances is a pre-requisite step for
their breakdown, an indepth study of the adsorption
characteristics of cellulases can provide a better
insight into the process of enzymatic hydrolysis.-

The studies conducted on adsorption of cellulase have
been based on two reasons: (a) for assessment of the
adsorbed engzyme in the cellulose hydrolysis (Mandels,

et al, 1971), and (b) recovery of the cellulase from the
adsorbed and the homogeneous phases after hydrolysis
(Wilke and Yang, 1975). On milled Solka Floc SW 404,

a kind of wood (spruce) pulp, the cellulase was strongly
adsorbed and the quantity of the enzyme and protein
taken up was proportional to the cellulose concentra—
tion. More than 90 percent of the enzyme and protein was
adsorbed by 10 percent cellulose at 25°C. At 5000 the
maximum adsorption was reported at about 8 hourg and

by 24 hours the enzyme started going back into the
solution as about 50 percent of the cellulose had been
hydrolysed. The extent of adsorption obviously depends
on the type of cellulosic materials used. Wilke ang
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Yang (1975) obtained about 70 percent adsorption of
cellulose on 10 percent ball-milled news print. There
are contradictory reports on the possibility of reco-
vering the enzyme from the adsorbed cellulosic phase,
Some workers (Toyama 1969) adsorbed exoglucanase on
gauze or Avicel and then eluted it with distilled water,
Mandels and coworkers {1)71) were however, not able to
desorb the cellulase from cellulose except by digestion,
Apparently the cellulase used by Mandels et a1 (13971)
was held much more strongly by the cellulose. The
addition of a number of additives to the crude undialized
enzyme at pH 4.8 like; NaCl, CaCl,, Mg012, Ethylene
diamine Tetraacetic acid, Tween-80 and Bovine Serum
albumin had no marked effect on the adsorption of
cellulase on cellulose. Wilke and Yang {1975) on the
other hand,obtained a distribution coefficient of 0.04,
(FP units/ml)/(FP units/gm of solida based on their
washing experiments for the recovery of cellulase from
the adsorbed phase at 30°C. In a more recent finding,
Peitersen et al (1977), described their data by a
hyperbolic function similar to the Langmuir isotherm,
k,p P

p = ads,m

ads
1 +k P
P

where P = Protein concentration in Supernatant, mg/ml

= Protein concen i
P_ds tration adsorbed, mg/mg of cellulose
I Maximum protein adsorbeq mg/mg celluloge
k_ = Constant, (mg/ml)‘1

b



The same expression was used for adsorption of the
cellulase activity in which P was replaced by the cellu-
lase activity ©&. The adsorption of protein and enzyme
was found to be largely independent of pH, but depended
stronzly on temperature and type of cellulose used.
According to these authors an increase in temperature
generally resulted in decrease in the values of P

ads,m

and Eads m’ the difference was however not much marked.
b

Amidst these controversial notes stilYmany
parameters are left untried in the study of adsorption-
desorption characteristies that might prove to be of much
gignificaneefor the recovery of enzyme and in the study

of the mechanism of enzymatic hydrolysis of cellulose.

5.2.,0 Materials and Methods:

Cellulose powder is obtained from E. Merck and the

average size of cellulose particles used for adsorption
and hydrolysis studies was 97 microns (150/170 mesh)

unless otherwise stated.

Cellulose pulp sheets from Gwalior Rayons, Nagda,

ball-milled into appropriate size, were also used.,

To 1 ml. of properly diluted enzyme solution in
citrate buffer (0.5M, pH 4.8) 1 ml. of 1 X CMC (degree
of substitution 0.5) was added. The mixture was incubateq
at 50°C for 30 minutes and the resulting sugars were

measured by DS method (Chapter-IT), Total celiylas i
ase ig
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measured in terms of FP activity (Chapter-II),

1 gm., of CMC (DS-0.5) was added slowly to 100 ml
of boiling citrate buffer (0.5M pH 4.8) and heated for
30 minutes at this temperature. After cooling the
solution was made upto 100 ml and centrifuged. The
clear supernatant was used for endoglucanase activity
determination.

Adsorption experiments were done in bateh samples,
Desired quantities of cellulese were contacted with enzyme
solution in O.6° M citrate buffer at a particular pH
and temperature. The amount of original activity remained
in the solution was measured after removal of solids by

filtration under centrifugation.

The adsorbed enzyme-cellulose complex was suspended
in 0. 5M citrate buffer of desired pH at a\particular

tmmperature. The amount of desorbed enzyme was Similarly
determined in the solution after removal of solids,

The suspended solids were mixed in a Vortex mixer.

5.3.0 Results:

Standardisation experiments con@uoted by means of
E. Mertkcellulose as the adsorbant showed that within
5 minutes at 45°C and pH 4.8 the solubilization is not
gignificent as per the DNS reagent test, However, 50°c
has shown very little solubilization, The amount of
original cellulase activity in terms of Fp umits was

the minimum in the remaining solution at g contact tj
. ime
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of 5 minutes plus 2.5 minutes (centrifugation time)
(Table 5.1). However, the specific adsorption was not
the maximum at that contact time. A contact time of
25 minutes showed only very little adsorption and the
specific adsorption at that time was considerably less.
The period also caused solubilization of ce'lulose,.
The specific adsorption in general showed a decreasing
trend with the increase in contact time. Though the
specific adsorption was more at the first and second

minute, the actual adsorption was considerably less at

that time.

Effect of temperature on adsorption:

5.301
Temperature from 5°C to 50°C during adsorption

showed marked change in the effect of adsorption (Table
5.2).
The specific adsorption was also the maximum

at 45°C. At temperature higher than 50°C, the loss

of activity was significant.

5¢3.2 »ffect of pH on adsorption:

The pH (3.5 - 7.5) effects showed that the adsorp-
tion of enzyme components increased when pH was raised
or lowered.from pH 5 (Table 5.3) whereas the specific
adsorption values were maximum at 4.8 and decreased on

either side of this pH.(Fig. 5.1).

Bffect of temperature on desorption:

50 3030
The solid was resuspended in 0,5 M citpate buffer
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at pd 4.8 and agitated and mixed over a Vortex mixer for
5 minutes at appropriate temperatures. Desorption data
showed that percentage desorption increases with decrease
in temperature., Further an abrupt change in temperature
caused the desorption of more active enzyme than the

gradual change in temperature. (Table 5.4 and 5.5a and

5.5b).

In the case of the desorption due to gradual change
in temperature, the buffer was of the same temperature
to t hat of the sodid and slowly browght to the required
tmmperature where it was kept for 5 minutes before

centrifuging azain.

'5.3.,4. Effect of reducing sugsrs in adsorption:

Glucose was added to a suspension of cellulose pulp
in enzyme solution (0.'5 M citrate buffer 1 pH 4.8) in
order to make a 2 percunt, 5 percent, 10 percent and 15
percent glucose concentration and the extent of adsorp~
tion was measured after contact time of 5 minutes under
agitation. To avoid the effect of cellulose hydrolysis
on adsorption, the experiments were done at 25°C 4 2%
at which the solubilization with<in 5 minutes wag not

significant., The results are shown in Table 5.6,

5.3.5. Bffect of Protein in Snecifie adsorption:

When more protein was added in the same way as
glucose in the experiment describeg above in the ¢
orm

of bovine serum albumin, specifie activity in the
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remaining solution changed remarkebly with concentra-

tion (Table 5.7). However, 5 percent protein addition

with varying temperature showed a maximum specifiec
" 0 .
adsorption at 45°C, at pH 4,8 and a contact time of

5 minutes plus 2.5 minutes (fPable 5.8).

Endoglucanase adsorption-desorption characteristics:

503060
Total cellulase activity in terms of filter paper

units and endoglucanase activity in terms of CMC-ase
activity were studied during adsorption and desorption
(Table 5.9). While 44,77 percent of the cellul@se
activity is recovered only 23 percent of endoslucanase

component could be recovered.

Discussion and conclusion:

50 40 00
Maximum adsorption of cellulase on both E, Merek

cellulose and ball milled cellulose pulp was at 45°¢
and at a pH around 4.8 when the contact time was 5
minutes plus 2.5 minutes (centrifugation at 8000 G),
Afterwards conspicuous solubilization took place and
n the release of enzyme to the solution,

this resulted i
refore the contact time is of maximum importante in

The
of adsorptionéharacteristics.

the study
That higher temperatures caused more adsorption

.5 contradictory to the earlier findings (Bisaria, 1977),

i
and gpecific adsorption, like Bisaria's, in this case
algo was higher at higher temperatures upto 4500. As

or the effect of pH there was no perceptible change
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from earlier observations., It only confirmed that

adsorption of enzyme is the maximum at optimum temp-

erature and pH. This finding is probably made possible

because of the specific time of contact allowed with a

view to study maximum adsorption characteristics, As

for desorption, abrupt temperature change caused more
active enzyme to be released (75.44 percent) compared

to gradual temperature change (42.84 percent) at 4°C

from 25°C. (Tavle 5.5). OSpecific desprption was however
’

not affected for a wide Trangse of temperature (Table 5,4),

the abrupt change in temperature did not affect the

ginal enzyme activity considerablg once it is again

ori
With regard to

o the optimum_temperature.

warmed upt
e specific adsorption was

the effect of protein, th
controlled by temperature (Table 5.7).

The adsorption—desorption characteristics of compo-

be different from that of the total cellulases,

nents may
£ind out the quantity recovered by

An experiment to
orption—desorption technique by means of an abrupt

ads
emperature after adsorption at 45°C showed

change in t
that while 44.77 peTr

red only 23 percent o
d be retained after recovery. This points

cent of cellulase activity was
f the original endoglucanase

recove

getivity coul

s a problem of changing the proportion of consti-

toward
o recovery. Further it may be suggested

tuents due t
a gtrict proportion of constituents is not ecriticagl

ellulase activity. FProbably endoglucanases

that
for total ©
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are more sensitive to change in temperature.

In addition to confirming the possibility of enzyme
recovery from a mixture of enzymes and products or of
purifying the enzymes from a crude extract the present
study stresses on two aspects in the study of adsorption-
desorption characteristics,

(a) the contact time of 5 minutes plus 2.5 minutes does
not affect the distribution coefficient (FP/ml/
FP/mg) and that within this contact time the
optimum temperature and optimum pH for enzyme
activity are the optimum conditions for specifie

adsorption also;
an abrupt temperature difference releases most

(p)

adsorbed enzyme than when the temperature change

is gradual.
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CHAPTER-VI

IIMOBILIZATION STUDIZS

6.1.0 Introduction:

During the past several years a number of methods

have been developed for retaining an enzyme within a

limited region of space. Such methods fall under the

general term of 'enzyme immobilization', although a

number of other terms such as matrix - entrapped, insolu-

bilized, encapsulated and support - coupled enzymes
Several reasons are anvarent for deve—

have been used.
Through immobi-

loping methods to immobilize enzymes.

lization, engyme recovery can be made easier and the

resulting economics for in vitro applications,at least

in theory,may become highly favourable. A second reason:
for immobilization of enzymes is to provide an additional

tool for investigating the mechanisms of enzyme activity

and the factors that affect stability. And, finally

since most intracellular enzymes are attached to membranes
or appear to be associated with interfaces, the study

of immobilized enzyme may be a tool to improve understanding
of the mode of action of intracellular membrane-bound
enzymes as well as a guide for developing novel in vitro

devices for enzyme controlled processing (Wingrad Jr.,1972),

Goldman, Goldstein and Katehalski (1971) have

reviewed the methods and literature on the immobilizatian

of enzymes through most of 1970. They list 16 enzymes

immohilized by\entrapment in polyacrylamide or starch
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gel (32 reported cases), 17 immobilized by adsorption

on various cellulosic and synthetic polymers and to
porous glass (143 reported cases) and 7 enzymes immo-

bilized by intermolecular crosslinking by glutaraldehyde

and other disfunctional reagents (14 reported cases).
Both the adsorption and gel entrapment,in gﬁneral’provide

only temporary immobilization owing to reversible desorp~

tion and leaking of enzyme from the gel matrix. Covalent

bonding methods lead to permanent attachment of the enzyme

to a support; however, many enzymes undergo loss of act-

ivity during the coupling nrocess. In another recent

review, Meirose (1371) has given a fairly complete coverage

of the literature on the immobilization of enzymes. He

provides details of 178 reported cases of enzyme immo-

bilization involving 54 different enzymes. Another review

is by Goldstein (1369),

In addition to gel entrapment, adsorption and
covalent bonding (including eross-linkage) enzymes have
been immobilized through encapsulation by semipermeable
membranes. A few additional examples of enzyme immobi-

lization, reported after earlier review papers were

described by Wingrad Jr. (1972)., A group of persons

active in engyme immobilization studies (Sundaram and

1972 ) have suggested that the method of immobili-

Pye,
e included when describing an immobilized enzyme.

gzation b

The stability of an enzyme to temperature, pH, ionic
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strength, substrate and engyme concentrations, t
materials and other factors is of prime int;r;str:ce
any process or device utilizing enzyme catalysis oz
appears from the available data that a moder;te . t
of immobilized engymes are more stable under cer:u?ber
conditions than are the same enzymes free in solu:i:

In many cases the stability, kinetic activity and ot:;r
parameters are modified for immobilized versus free

enzymes, A second gemerality regarding many immobil
ilized

enzyme systems is the extensive diffusional resist
stance

for transport of substrates and product to and f th
rom the

active site.
Recent reports on the stability and activity of
Neurath and Weetall (1970)

immobilized enzymes are noted.

reported jnereased DNA - ase coupled to porous glass,
supposedly from increase. in the contact of partially
degraded DNA with enzyme. Gable et a1l (1970) showed
atically that in some cases markedly increased

rather dram
als such as urea, that normally causes

stability to materi
could be obtained by immobilization:
b

chain unfolding,
s obtained retention of 60 percent activity

these author
a over 7 days by coupling the

of trypsin in 8 M ure
o sephadex G-200.
vity in 8M area.
pility of papain, trypsin and

Unbound trypsin showed

enzyme t
Weetall (1970) has

no enzymatic acti
4 the storage sta
e bound to a variety of carriers. For

glucose o0x1das
was at least one enzyme support

evaluate

all the enzymes there
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combination that exhibited 100 percent retention of
activity after storage for up-=to 68 days at 4°C to
5°C either dry or in distilled water. He concluded that
enzymes covalently bound to inorganic Supports showed
greater stability than those bound to organic supports,
Althouzh there are numerous reports citing increased
there are other

It

stability of enzymes on immobilization,
caseS where decreased stability has been observed.

seems logical to assume that certain changes in miero-

environment around the enzyme may increase the stability

of the enzyme for long term usage, However, in general

it has not been possible to explainiwhy the stability

increases or decreases upon immobilization on a particular

support or better still to predict correctly the effect

of specific support on the stability of an enzyme without

the need to resort to experimental testing. It seems

premature to make a general statement, that immobiliza-
tion of enzymes leads to improved stability. It is

still a trial-and-error task, based lergely on experi-

mental testing as guided by some qualitative concepts,

to obtain immobilized enzymes having improved stability,

Cellulases especially pose many problems the most

formidable of which probably would be the insoluble
But the soluble sub-

nature of most of the substrates.
gtrates like short chain cellooligosaccharides or car-
boxymethyl cellulase could be effectiwvely used as sub-

strates for‘cellulases immobilized to a solid support .



(Ghose et al 1377). The 8tability of the enzyme (engo-
glucanase) adsorbed to certain solig Supports as well
as some of the parameters of enzyme kineties have been
studied with a view to understanding the possibility

of cellulases being immobilized for reuse in enzyme

fermentors.
Goldman, Goldstein and Katchalsky (1)71) cited a

number of specific examples of changes in kinetic para-

meters due to enzyme immobilization. However, a number

of cases of unchanged kinetiec parameters also have been
demonstrated for immobilized enzymes (Wingrag Jr. 1972)
In general, the effect on kinetic parameters of immobi-

lization of a specific enzyme by a certain technique can
not be predicted at present.

6.20 Materials and Methods:
Cellulase with a specific activity 22 from g
QM9414 was used to study

culture of Trichoderma viwide

the immobilization of endoglucanases. Bentonite (Clay

and Minerals, Ahmedabad) Glass beads (Corning, Jaipur)

and activated charcoal (Bengal Chemicals) were used as

solid support adsorbants. Endoglucanase activity was
measured following the method described in chapter-vV.

6.3, » Results:
Adsorption Technique to Immobilize: FEndoglucanase

6.3.1.

by Bentonite:

Bentonite was equilibrated with phosphate buffer

pH 4.8 and cellulase with specific activity 22 ( 5 ml)



was added to it while stirring. It was képt For
incubation at 29°C for 75 minutes and then washed

thoroughly with 15 ml of phosphate burfer (pH 4.8.).
After every washing the washed solution was tested for

enzyme activity. The results are shown in Table 6.1

After 8 washings the bentonite was dried by

incubating at 2900. The dried enzyme-immobilized-

bentonite was added to 2 ml of carboxymethyl cellulose
preparation or 2 ml of cellobiose and incubated at 50°¢

after adding 2 ml of phosphate buffer (pH 4.8].FPA was
Another portion of imobilized enzyme on

estimated.
buffer and

bentonite was added to 2 ml of phosphate

mixed by shaking. The supernatant after centrifuging

is measured for cellulase activity using
Protein was estimated by

carboxyme thyl

cellulose as the substrate.

Folin-Ciocalteau method.

There was no cellulase activity seen in the
supernatant though 0.0048 M gm/ml protein was found
in the supernatant.

Zndoglucanase specific activity was estimated to

The incubated immobilized enzyme even after

be 150750
15 days retained a specific activity of 12.
The process was repeated by using activated

The results are shown in

charcoal and glass beads.
Activated charcoal immobilized enzyme

Table 6.23.
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showed more activity though after every use the activity

decreased tremendously.

2. Effect of temperature on bentonite-immobilized-

6,3
endoglucanase.
The effect of temperature on the activity of

endoglucanase was Studied by

bentonite-immobhilized-
Table

estimating the reducing sugar after 75 minutes,
6.2b, Figure 6.1 shows that the temperature profile

of immobilized enzyme does not have marked effect asg

against the soluble enzyme though slight shift towards

lower temperature optima ig observed.

Liffect of pH on immobilized endoglucanase activity:

6.30 30

The effect of pH on immobilized endoglucanase

activity was studied by treating the substrate with
bentonite-immobilized-endoglucanase at different pH. The
For the

results are shown in Table 6.3 and Figure 6.2.
immobilized enzyme the pH optima shifted slightly to

the alkaline side.
Bffect of reuse on immobilized endoglucanase:

6.304“
The immobilized endoglucanase activity was tested

After every use the immobilized enzyme

during reuse.
fraction was washed in 0.05 M phosphate buffer (pH 4.8)

ond incubated at 27%°c to dryness., This was again used
for testing the endoglucanase activity. The results are

Bentonite retained more enzyme in

shown in Table 6.4.
ivated charcoal after every reuse,

contrast to act
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Though activated charcoal absorbs more enzyme, immo-

bilized enzyme on bentonite exhibited significant amount

of activity even at the 5th reuse,

6.4. Discussion and conclusion:

Endoglucanase was adsorbed to bentonite, activated

charcoal and glass beads and its kinetie parameters like

temperature and pH were studied. Though both bentonite

and activated charcoal immobilized significant amount

of endoglucanase,activated charcoal could not retain the

enzyme to the extent bentonite could do. Glass beads

were found to be an inadequate support for enzyme immo-
Inzyme immobilized bentonite

bilization by adsorption.
As for

performed satisfactorily even at the fifth reuse.

the kinetic parameters of immobilized endoglucanase, tem-

perature optima was found to be at a lower temperature

for the immobilized enzyme while the optimum pH showed
a shift to higher pH for the immobilized enzyme. This

should be as a result of the change in microenvironment

of the active site. For the immobilized enzyme, lower
pﬁ from 3.5 downwards was found to cause considerable
loss of enzyme activity vhan for the soluble enzyme.
Higher pl however, showed much less effect for immobilized

enzyme than for the soluble enzyme.
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CHAPTER-VIT

SULTIARY AND GENERAT, CONCLUSION

The biodegradation of cellulose by cellulaseg as
an economically viable process for the production of
energy, protein and chemicals is in experimental stages

The major problems in this process are enumerated

only.
The present work was éoncentrating

elsewhere (Chapter-I).
partly on the biological aspect of cellulase production

and partly on the biochemical properties of cellulsse
enzyme, with a view to make available more active cellu-

lases in order that the process of utilization of cellu~

lose becomes more efficient.
On the biological front a rapid method of production

of cellulase has been developed that formed definitely,

an advanced technique to that is present todate in cellu-

The starved mycelia with a definite

lase production.
starvation period when transferred to an induction medium

evoked an immediate response that resulted in a spurt
in enzyme production without a perceptible lag peribd.
This when compared to earlier studies (Nissizawa et al,

1971) is remarkable in the sense that the latter could

obtain comparable amount of enzyme only with a lag
The implication

period of 5.4 hours and at a slow rate.
ig obvious. For large quantities of enzyme production
jon the starved mycelia put

for industrial level applicat
on will be more useful than all other

under inducti
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methods available for the production of cellulase

enzyne. Though as to the exact quantity of enzyme thus

can be produced in large scale and how long the mycelig
can be used for the production by such a process are
problems to be tackled during pilot plant level studies

and also during studies on scaling up further, the

process looks feasible.
Apart from this, the rapid method of production of
cellulzse has opened new possibilities for exploring the

fundamental aspects of cellulase production especially,

the induction - repression processes. That cellulose

and cellobiose were successfully used as inducers for

the production of significant amount of cellulase, follow-

ing this technique, is also important. That cellulose

grown mycelia are also affected by starvation,leads to

think that glucose and its intermediary metabolités are

regulating directly or indirectly the synthesis of

Cyclic AMP effect on non-starved mycelia

cellulese.
converting it to function in the form of a starved mycelia

implies a possible involvment of a cyclic AMP system in
the production control of cellulases. The duration in

arved was found to be important

which the mycelia wer¢ St
ours starvation was found to be the optimum.

cellulose grown mycelia

were found more

and 15 h
Though both glucose grown and
glucose grown mycelia
ivity per m&. of mycelia in that

rown mycelia.

were effective,

suitable,as the enzyme act
case was more than that of cellulose §
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The myceliz of different =ges were studied to
estimate their capacity to produce cellmlase and it was
found that among the actively growing mycelia, as the

age increased, their capacity to produce enzyme in terms

of FPA/mg. of mycelia also increased. The non-starved

mycelia when treated with cyeliec AMP prior to induction

behaved like starved mycelia. The induction medium hagd

pronounced influence over induction as the basal medium

containing many bivalent cations caused more cellulase
production than buffer or distilled water. |
The presence of inducer was found to be necessary
during the whole course of induction as the removal of
the inducer during the course of induction virtually
stopped the enzyme production. Rifampicin, Actinomycin-D,
Cchloramphenicol, Cyclohexamide and glucose inhibited

cellulase production, though unlike in earlier experiments
(Wissizawa, et al, 1371) glucose did not follow the

course of translational inhibitors and its effect was in

t of rifampicin and cyclohexamide. However,

ct on inhibition was partially reversed by

glucose effe
yclic AMP suggesting the possible

the administraxion of ¢
of a cyclic AMP system during the catabolite

mediation
e was no effect of cyclic AMP on the

jnhibition. TheT
n caused bY rifampicin and cyclohexamide,

n-80 and priton-X was found to enhance the
Twe ell=
sps8, deoxycholate ang
]_ulase. But ’
productio
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incre i
ase in cellulase production. The presence of T
we en-80

and T i i

th i i
e mycelia but also during starvation (for non-Tween-80

mycelia) and induction. During induction Tween-80 is

found to have a major role when used in basal medium I
. t

as

w further noted that the presence of bivalent cations
. ++

and especially Ca’ ' plays a very important role during

induction and this is more pronounced when Pween-80

is present in the medium. That the creation of an arti

. . ++ s
ficial influx of Ca’° using ionophores resulted in an
increase in production of cellulase in close parallel

with the effect of Tween-80 suggests a possible role of

these surfactants in the calcium transport. However
?

other well established role of surfactants during the
increased production of enzymes like the bringing about

of changes in fatty acid composition of cell wall and cell

using increased permeability is not contested.

membrane ca
aximum adsorption of cellulase on cellulose

around 4.8, when the contact time
The contact time is found

The m

was at 45°C and at a pH

nutes plus 2.5 minutes.

was 5 mi
mportance in the study of adsorption

to be of maximum i

characteristics.
r temperatures upto 45°C caused more adsorption.

onfirmed the
f enzyme was maximum at

Highe
ect of pH only ¢ parlier observation

The eff
1977) that adsorption ©

(Bisaria,
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optimum temperature and pH of enzyme activity. As for
desorption abrupt temperature change caused more active
enzyme release. Reducing sugars, did not affect the

adsorptivity . : of cellulase to cellulose. The adsorption -

desorption characteristics of cellulase components may be

different from total cellulases. While 44.77 percent of

cellulase activity was recovered in an adsorption-
desorption experiment only 23 percent of the original

endoglucanace activity could be recovered.

Bentonite, activated charcoal and glass beads
were used to immobilize the soluble endoglucanace.
Bentonite was found to be a better base for cellulase
immobilization than activated charcoal or glass beads,

as the former retained more enzyme activity after reuse.
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