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ABSTRACT 

Seventeen species of cellulose-degrading fungi that 

fall into fifteen genera were isolated from decomposing 

plant matter, p;arden soil, arable soil and manure. They 

were Alternaria sp., Aspergillus ilayus, ~. niger, 

Cephalospor:ul!', sp., Chaetomium sp., Curvularia sp., Fusarium 

sp., Geotrichum sp., Helminthosporium sp., Penicillium sp., 

Pythium sp" Rhizopus sp., Stachbotrys sp., Trichoderml.!. 

sp. 1, Trichoderma sp. 2, Verticillium sp. and 

Zygorrhynchus sp. 

Gr01,th rate determination on filter 1)aper showed that 

A. niger, Chaetomium sp., ~urvularia sp., Helminthos

porium sp., Rhizopu~ sp., Stachybotr12 sp., Trichoderma. 

sp. I and 2 and Zygorrhynchus sp., displayed abundant 

growth within 7-21 da~at pH 4.5, 7.2 and B.S. 

Out of the fungi tested, only eight isolates namely 

Cephalosporium sp., Curvularia sp., HelminthosporiuJ!l: sp., 

Pythium sp., Stachybotrys sp., Trichoderma sp. 2., 

Verticillium sp., and Zygorrhynchu~ sp., were found to 

elaborate free cellulase in the culture medium. 

High cellulase activity was found in Zygorrhynchus sp. 

at pH 7,2 and Stachybotrys sp., at pH 4.5. Low 

cellulase activity was shown by Cephalosporium sp., 

at pH 7.2 and Pythium sf., at pH II,S 
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The effect of different cellulosic substrates on 

cellulase elaboration was tested on these organisms. 

The influence of cellobiose and glucose on the 

in vitro cellulase activity of ~ygorrhynchus sp., 

was tested. The type and concentrations of reducing 

sugars released in the enzyme hydrolysates of the 

eight species were evaluated. 
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CHAPTER I 

INTRODUCTION 

Cellulose, the renewable carbonaceous constituent of 

plants, is the most abundant of nil naturally occurring 

organic COJllpounds (Alexander, 1964). It cOJnnrises at 

least a third of all tIle veretable matter on earch, pro

duced by photosynthetic processes to the tune of 100 

billion tons per year (ran and Srivansan, 1968; Anonymous, 

1974). Apart from the use of some cellulosic materials as 

constituent of wood, paper, cloth, roue and fillers, the 

bulk of it ends up in municipal trash, as animal feed lot, 

or agricultural, industrial and sewage wastes and residues 

(Anonymous, 1974; Ramasamy e!~J.=-., 1981), 

In structure, cellulose is a high polymer of B. 1-4 

linked D-glucose residues bound together in a long and 

linear chain embedded in a non-cellulosic matrix such as 

hemicelluloso and lignin. It shows a characteristic 

insolubility in water at even short chain lengths. The 

number of chain 1ensths ranses from 1400-10,000, with 

molecular weights 200,000 to almost 2 million (Norkrans, 

1967; Srivansan, 1969). 

The distribution of cellulose in higher nlants is 

never fixed, and changes with ape and type of plant. 

Chemical fractionation by means of dilute alkali revealed 

that soft and hard wood, with no secondary thickening, 

and the ones with secondary thickening, contain 20-351 
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and 43% cellulose respectively (Roelofson, 1965). 

Similarily straw fibre, strands of jute, and cotton were 

found to have 40%, 70%. and 90% cellulose respective].y 

(Lynch ~1: al., 1981). 

Since a large part of the vegetation added to soil 

is cellulosic, the decomposition of this carbohydrate has 

a special significance in the biological cycle of carbon 

(Harper and Lynch, 1981). 

To this effect, the degradation of cellulose by micro

organisms is a major component of the carbon cycle of and 

energy flux in soil. The products thus obtained contribute 
, 

to the fertility of soils, and hence promote plant growth 

(Lynch, 1979; 1981). 

Cellulose mineralization by microorganisms occurs in 

field and forest soils', in manure, and on decaying plant 

tissues. The physiological heterogeinity of the responsible 

microflora permits the transformation to take place in 

habitats with or without oxygen, at acidic or alkaline pH, 

low or high moisture levels, and from temperatures just 

above freezing to the extremes of the thermophilic range 

i.e. about 7S oC (Alex.ander, 1964). 

In nature, the rate at which cellulose is metabolized 

by microorganisms is governed by the above-mentioned 

environmental influences. These in turn, dictate the 
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number and species composition of the microflora, to-

gether with the cellulose-degrading activity of individual 

organisms. In laboratories, modification of the cellulose 

substrates with different chemicals was found to affect 

cellulose-degradation (Bhasu and Ghose, 1960; Han and 

Callihan, 1974; Gupta et !!!.., 1981, Moo··Young et !!!.., 

1981; Susumu et aI., 1981). 

Cellulose degradation is not confined to arable and 

forest soils. A diverse group of aerobic and anaerobic 

bacteria, filamentous fungi, Basidiomycetes, Actinomycetes 

and certain protozoa with such ability are found else

where; in marine water, river beds (Aruio et al., 1981) . --
waste-composting places (Stutzenberger, 1972),sewape-

disposal systems (Ramasamy et al., 1981; Verachtert; • 

1982) in the guts of some invertebrates and in the rumen 

of cattle (Leatherwood, 1965; Groleau, 1981). 

In nature, the distribution of anaerobic cellulose

decomposers i~ lower than that of the aerobic ones. Gray 

and Williams (1975) estimated the relative distribution of 

the aerobic and anaerobic micro flora from the rhizosphere 
3 5 of Spring Wheat Soil, to be 9xl0 and 7xlO per gram res" 

pectively. 

The lower distribution of anaerobic cellulose-degraders; 

and the fact that the rate of cellulose metabolism in 

environments deficient in oxygen is much 10\~er than that 
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of aerated habitats (Alexander, 1964) indicate the major 

part played by aerobic microorganisms in cellulose de

gradation. For these reasons, it is common to find 

nmnerous and diversified groups of aerobic cellulose de

graders in nature. 

Cellulolytic Microorganism~ 

Bacteria and fungi, with a few actinomycetes, are 

found to be the maj or cellulose-decomposers. The bacteria 

are represented by both aerobic and anaerobic micro flora 

whereas the fungi and actinomycetes are predominantly 

aerobic, with a marked exception of Merilius and Phoma 

among the fungi and Thermomonospora among the Actinomycetes 

(Alexander, 1964; Stuzenberger, 1972). 

The most important cellulose-fermenting anaerobic 

bacteria are found in the genera Bacterioides, Ruminococcu~. 

and Clostridium. The former two are found in the rumen 

of cattle and in the guts of some invertebrates. Extensive 

studies have been made on different aspects of these 

bacteria (Leatherlwod, 1965; Groleau, 1981; Nood et a1.) 

1982). Members of the genus Clostridium are the dominant 

v· cellulosedecomposfTs found elsewhere. They are found in 

soil, compost, manure and sewage systems (Anonymous, 1979), 

Another anaerobic species, Bacillus. polymaxa was experi

mentally shown to have cellulolytic ability on wood by 

Greans and Leaver (Norkrans, 1967). 
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Aerobic cellulose-degrading bacteria are numerous 

and diversified in nature. They have been studied since 

the time of Omeliansky, 1895 (Imshensky, 1968). The 

pioneer organisms identified were members of the genera 

Cytophaga, Cell vibrio and Sporocytophaga.. Later different 

organisms of the genera Achromobacter, Corynebacterium, 

Pseudomonas, Vibrio Mycobacterium, ~acillus, Cellulomonas 
I 

and Xanthomonas have been extensively studied with respect 
, 

to cellulose utilization (Alexander, 1964; I~spensRy-

1968; Anonymous, 1979). 

The genera Cellulomonas and Pseudomonas are frequently 

found in soils receiving agricultural wastes and manures 

(Lynch, 1981), and in activated sludge (Ramasamy et. al., 

1981;Verachtert.~~., 1982). The potentiality of the genus 

Cellulomonas in the production of microbial proteins and 

other products has been studied in many laboratories 

(Srivansan, 1969; Anonymous, 1979; Khan~.!.al., 1981). 

The ability of cellulose-degradation by different 

bacterial species and Actinomycetes of the genera 

Streptomyces, Micromonospora, Streptosporangium, Norcardia, 

and Myxobacteria of the genus Sorangium shows that nearly 
, 

every one of these major taxonomic groups contain repre-

sentatives capable of cellulose decomposition (Alexander, 

1964). 
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A diverse group of fun~i are also involved in 

aerobic decomposition. Though the fungi are less in 

number and diversity than bacteria, they strongly attack 

cellulose because of their hypha1 organization. This 

organization gives them a capacity for rapid penetration 

and decomposition of cellulose fibers as opposed to the 

bacteria (No~krans, 1967). 

It has been suggested that fungi are the main agents 

of cellulose-degradation in humid soils while bacteria 

are of greater significance in semi-arid conditions. 

Cellulolytic basidiomycetes are especially prominent in 

the destruction of forest litter, wood, and woody tissues 

(Alexander, 1964). Thus the fungi are important agents 

of different types of wood-rots and phytopathogenic 

spoilage of vegetables and cereals (Norkrans, 1967). 

Approximately 2000 species of Basidiomycetes have been 

classified as wood-decaying agents (\'Iagner and Davidson, 

1954). 

Many fungi seem able to decompose cellulose, in con

trast to the bacteria, a group in which possession of the 

requisite enzymes is a comparative rarity. Bhasu and 

Ghose (1960) identified 124 fungal isolates, of which 119 

were found to have cellulolytic ability, in mixed cellulosic 

cultures. In a successional study of 19 species of 

fungi, Sandhu and Arora (1981), reported that only one 
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species failed to utilize cellulose. EI-Kady (1981) 

also isolated 37 spp., in 19 fungal genera, among 

cellulose-degraders from fifty wheat straw samples in 

Egypt. 

Though most fungi have been shown to decompose 

cellulose, strongly cellulolytic fungi are represented 

by species of the genera Volvariella, Lentinus, 

Pleurotus, Aspergillus, Chaetomium, Curvularia, Fusarium, 

Trichoderma, Thielavia, Cladosporium, Rhizopus, Alte!nari!:!., 

Stachybotrys, Rhizoctonia and Penicillium (Alexander, 

1964; Anonymous, 1979). Some yeasts are also shown to 

have cellulose-degrading ability (Stevens and Paynes, 1977; 

Arujo et a1., 1981). 

Different aspects of the enzyme kinetics of cellulose 

degradation; the influence of different biological, chemical 

and physical attributes involved, have been studied on 

different fungi. Nearly all successful works of this kind 

have been done on Myrothecium verrucaria, Trichoderma viride 

and Trichoderma koningii (Whitaker, 1971; Wood and McCrae, 

1978; Halliwell, 1981). 

Generally many different microorganisms have been 

found to use cellulose as their main carbon and energy 

source. Bacteria and fungi are prominent cellulose-de 

graders in nature. The ability of these organisms to 

metabolize cellulose stems from the fact that they 
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synthesize an enzyme-complex known as cellulase, which 

catalyzes the conversion of insoluble cellulose into 

simpler and water-soluble products. 

Cellulases 

Cellulase is an enzyme, or enzyme system, which hydro-

lyzes the cellulose polymer into mono, di- or oligosaccharides, 
\ 

an enzyme reaction characteristic of the entire cellulolytic 

flora. Cellulase is an induced or adaptive enzyme in most 

cellulose-decomposing fungi, i.e. it is synthesized only in 

the presence of its specific substrate; cellulose or a 

cellulose derivative. It appears to be constitutive in the 

cellulolytic bacteria (Rose, 1961). 

Since cellulose under physiological conditions is 

insoluble and cannot permeate cell membranes, the microbial 

cellulase has been supposed to be extracellular (Norkrans, 

1967). Extracellular cellulases are firmly bound to tho 

cells, as in most bacteria or found in the free state in 

cultures as in many fungi (Whitaker et a~_., 1963; Norkrans, 

1967). 

The cellulase enzyme system is found to contain many 

components. The degree of multiplicity and the role of 

each component have been a subject of discussion for many 

years. Reese et al., (1950) postulated that two components - -- -

factors are responsible for the overall 
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degradativo activity of tho enzyme system. Accordingly, 

the non hydrolytic enzyme "Cl " is associated with tho initial 

attack on native cellulose, !·,hereas a hydrolase "C " is x 

linked to complete the degradation to soluble sugars. 

The hypothesis was subsequently modified by many workers 

(Mandels and Reese, 1964; Li et al., 1965; Selby and 

Maitland, 1965; 1966). They reported that cellulase in 

cuI ture filtrates of Nyrothecium verrucari3: and Trichoderma: 

virido can be fractionated into throe components, each 

exhibiting different properties. 

Recently, many workers have fractionated cellulases 

derived from different microorganisms, into 3-16 components 

(Wood and McCrae, 1972; 1978; Olutiola, 19'16; Tanaka et ~l., 

1981). However, much of the electrophoretic heterogeneity 

reported by some laboratories appears to have been a matter 

of dissociable complexes formed betl'reen enzymes and 

polysaccharides, which was earlier proposed by Li et al., 

(1965). Although it is now well established that cellulases 

found in culture filtrates are multienzymes, thier actual 

mode of action as well as their composition is still the 

subject of debate (Whitaker, 1981). 

Whatever is the case, cellulase is a complex which 

carries out at least three distinct activities; Cello-

biohydrolase (Gl ), endo-and exo-glucanases (G~l-cellulase) 

and B-glucosidase (Cellobiase) Halliwell, 1972, 1979). 
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The mode of action of these components on the substrate 

varies Endoglucanases form free reducing chain~ends and 

short-chain oligosaccharides by random cleavage of the 

a, 1-4 bonds of cellulose; exoglucanases form mainly cello

biose by endwise hydrolysis of the free reducing end of 

cellulose or cello-oligosaccharides. The a-glucosidase 

activity forms glucose by end-wise cleavage of cello

oligosaccharides (McCrae, 1972; 1978; Halliwell, 1979). 

Each of these enzyme components exhibits a certain 

degree of multiplicity. McHale and Coughlan (1981) fra

ctionated the exoglucanase, endoglucanase and a-glucosidase 

components of a fungus, Talaromyces emersonii, into five, 

two and three forms respectively. The amount of these COf;]

ponents and their individual activity varies in different 

organisms. Wood at al.,(1982) showed that the endoglucanBse 

component of Ruminococcus albus comprises 25% of all the 

activity. 

The concerted action of all the components in the 

cellulose system leads to the complete solubilization of 

crystalline cellulose to glucose and/or cellobiose. But 

the ability to metabolize crystalline cellulose in nature 

and in the laboratory is limited to the relatively few 

microbial species which have acquired the whole spectrum 

of enzyme components in the system (Wood and McCrae, 1978; 

Halliwell, 1981; Wood et aI., 1982). 
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The production of cellulases by microorganisms is 

affected by many factors, of which the following are men

tioned; composition of culture medium (quantity and quality 

of cellulose used, and the amount of metal salts present), 

pH, temperature, and the adequacy of oxygen supply (Norkrans, 

1963; 1967; Olutiola, 1976; 1977). The length of the incuba-

tion period was shown to affect the relative proportion of tho 

enzyme components (Saddler and Khan, 1981). 

Cellulases are induced in the presence of B, 1-4 

glue an substrates. As a result lactose, cellobiose, and 

sophorose have been shown to induce cellulase synthesis 

(Whi taker, 1971). However, cellulose- induced cellulase 

has been found to have more activity than cellobiose-induced 

cellulase (Groleau, 1981). 

Many natural substances such as mercuric ion and 

phenolics suppress the synthesis of cellulase (Erikson and 

Peterson, 1967). But the most important inhibitors are the 

products derived from cellulose-degradation (Horton and 

Keen, 1966; Norkrans, 1967; Olutiola, 1976). Horton and 

Keen found that glucose concentration as low as 5xIO- 4}\ 

is sufficient to repress cellulase synthesis by the plant 

pathogen Pyrenochaeta terrestris. Dependinp on the con

centration, cellobiose can be both an inducer and a re-

pressor for some organisms (Halliwell, 1981). In vitro 

studies on the cellulase system of Trichoderm yiride 
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showed that non-competitive inhibition by cellobiose dominates 

the reaction kinetics (Howell and Stuck, 1975). 

Cellulases derived from different organisms have been 

shown to display different temperature and pP tolerance. 

Some were founo to be strikingly stable at boiling tempera

ture for a few minutes (Norkrans, 1967) and ~ome remained 

stable four weeks at freezing temperature (Khan et al., --
1981). Many cellulases were reported to be acid-stable 

in the pH range of 2-4 in Aspergillus tamarii (Olutiola. 

1977), 3-4 in Aspergillus niger (Paul et ~1-..l977), 2-5 

in Talaromyces emersonii (McHale and Coughlan, 1981). A 

wide range of pH (4-8) tolerance in EupenicilliUlr javanicum 

was reported by Tanaka ~ al., (1981), 

Applica tion 

Cellulases derived from Trichoderma viride, Myrothecium 

verrucaria, and Aspergillus sp., have been used for 

different purposes (Arima, 1964; Jurasek et al., 1967). 

The use of cellulase as a digestive aid is an old applica

tion, and is still produced for that purpose. Cellulases 

are also used to weaken or eliminate unwanted fibers in 

warment industries (Norkrans, 1967), to attack many physio

logical problem; in botanical studies (Rose, 1961), to test 

the efficacy of biocides to protect starch-finished cloth 



- 13 -

against bio-deterioration (Fermor and Eggins, 1981). 

The potentiality of cellulases as feed modifiers for cows 

and chickens has been studied, though large-scale pro

duction and application are found to have economic limita-

tions (Khan et ~l.., 1981; White et aI., 1981). 

The application of cellulase enzymes in the trans-· 

formation of cellulose to useful products can be extende~ 

by growing the parent organisms on different lignocellulosic 

substrates. Cellulose can be converted to soluble sugars, 

particularly glucose by the strongly cellulolytic fungi; 

Trichoderma viride, Myrothecium verrucaria, and Fusarium 

sp. (Srivansan, 1969; Anonymous, 1974). The glucose re-

covered can be used as chemical feedstocks and substrates 

for different microorganisms to produce ethanol, butanol, 

acetone, single-cell protein and other products (Srivansan, 

1969; Hartley and Walgate, 1980). 

These syntheses, particularly single-cell protein and 

ethanol, have created renewed interest in the production 

of additional food and fuel with respect to the rising popula-

tion and increas ing costs of .t"etrolelUll and coal, in many 

developing countries(Anonymous, 1979). 

Many ambHious programmes for production of microbial 

protein and alcohol, from residues with a high sugar-content, 

have been undertaken in Brazil, India, and several other 
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countries (Anonymous, 1974; Imire, 1975; Malslle, 1975; 

Anonymous, 1979}0 

The production of ethanol and methane from cellulosic 

wastes by the thermophi1lic microbe 7 Clostridium thermocell.'inl 

has been found to be promising for future develop~ent 

(Anonymous, 1979}0 C. thermocellum in pure culture, or in 

mixed culture with Methanobacterium thermoautotrophium, 1.p~ 

been used to produce ethanol and bioeas, respectively, in 

some pilot projects (Conney and Wise, 1975; Weimer et ~l., 

1977; Weimer and Zeikus, 1979; Khan et 8.1., 1981). 

Conversion of cellulosic material, such as bagasse 

from sugar cane, to single-cell protein by bacteria of 

the genera Cellulomonas and Alcaligenes has been investi

gated on a laboratory and small-pilot plant scale (SrivansRV. 

1969). The direct conversion of cellulose into protein 

has been shown to be promising by a thermotolerant 

cellulolytic fungus, Cheatomium Cellulolyticus, (Anonymous, 

1979; Moo-Young, 1981}. A pilot-scale operation in 

Guatemala has shown that growing a cellulolytic fungus, 

Trichoderma spo, on coffee-processing wastes Yields a 

protein product of interest for use in animal feed (Anon)'llK'us, 

1979). 

At present, many processes involve co-fermentation 

of cellulosic wastes by a cellulolytic organism and a 

fast-growing non-cellulolytic one. This has been found 
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feasible in 8 large-scale production of useful products, 

for it overcomes the barrier of the slow growth-rate of 

celluloytic organisms, which hampers the direct use of thel'e 

organisms for biomass production (Molina et al., 1981; 

Moo-Young, 1981). 

The prospect of microbial conversion of cellulosics 

to useful products is a promising approach to combat the 

food and fuel problem of the world. The facts that agri-

cultural raw materials, mainly lignocellulosics are re-

latively free from toxic substances, and their year-round 

availability stimulate their use as substrate for the 

cellulose-fermenting microorganisms in the production of 

useful end-products. This has great economic significance 

for many less-developed countries, particularly those 

found in tropical and sub-tropical regions. 

Objective 

Ethiopia, one of the least developed countries in the 

tropics, has an economy which is dependent upon agricultural 

and agro-industrial economic systems. Consequently the 

country imports quite a large amount of fletroleum, _ 

petroleum products and fertilizers which are used as raw 

materials for.these industries. 

The ever-increasing price of these commodities has 

already forced the country to spend almost half of its 

annual foreign currency earning. In order to avoid or 
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reduce its total dependence on these imported commodities, 

the potential of converting waste cellulosic material into 

these and other useful products cannot be overlooked. 

The degradation of cellulosic materials can give rise 

to useful precursors for many synthetic products. Ethanol, 

produced from the broken-down cellulosic residues, either 

synthetically or by the fermentative action of the appro-

priate microorganisms, can be blended with gasoline. This 

serves as a means of offsetting the rising coasts of 

petroleum and its products. 

Degraded cellulose can be used to grow both aerobic 

and anaerobic microflora, with the ultimum production of 

glycerol, butanol, acetone, ethanol, etc. which have wide 

industrial use. The growth of fungi, bacteria and yeasts 

on sugars released from cellulose produces additional bio

mass, in the form of single-cell protein, to be used as 

human food or animal feed. This will partly solve the 

protein probelm which is acute in many developing countries 

at present. 

The generation of biogas using anaerobic microorganisms 

on cellulosic garbage is a prospective substitute for fuel 

which normally uses forest products. This will enable the 

nation to conserve its forest biomass which is being 

devastated at an alarming rate. 
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Cellulose conversion can be achieved by enzymatic and 

chemical means. Since chemical treatment of cellulosics is 

a capital-intensive process, enzymatic conversion through 

cellulose-degradine organi.sms is better emphasized. The 

biological conversion of cellulose calls for the selection 

of the proper microorganisms. An understanding of the 

growth pattern, conversion efficiency and the overall 

cellulolytic activity of the organisms, is a prerequisite 

for their large-scale utilization. 

In this research an attempt has been made to isolate 

and characterize several aerobic cellulolytic microorganisms, 

especially those that are capable of secreting cellulase 

into the growth substratum. It is hoped that, based on 

these organisms and others that may be isolated in future, 

supercellulase-producing organisms can be either isolated, 

or created in the laboratory by genetic manipulations. 

This genetic modification, together with large-scale 

screening programmes will eive strains v,hich are capable 

of releasing cellulase in large quantities. These strains, 

in the long run, will be exploited to produce industrially 

useful products. 
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MATERIALS AND METHODS 

Screening of Cellulolytic Microorganisms 

The screening for cellulolytic organisms involved 

several techniques of which the most important are explained 

below. 

1. Decomposing debris of plants, garments, and paper were 

taken and spread on filter paper strips moistened with 

Dubo's mineral salt solution in several petridishes. 

The solution contained the following per liter: Sodium 

nitrate 0.5 g~., dipotassium hydrogen orthophosphate 

(KZHP04) 1.0 gm., hydrated magnesium sulphate 

(MgS04 .7HZO) 0.5 gm., hydrated ferrous sulphate 

(FeS04 .SHZO) 0.02 gm., potassium chloride 0.2 gm., 

yeast extract extract (DIFCO) 0.5 gm. The final pH 

was adjusted to 7.5 (Ramasamy, et ~., 1981). This 

procedure allows cellulolytic microorganisms from the 

decomposing organic matter to grow on the filter paper 

strips. 

2. Equal volumes of fresh or dried manure of cattle and 

water were mixed thoroughly to make a suspension. From 

the suspension, 1 mi. was inoculated on different petri 

dishes overlayerecl with filter ":l'ler strir's m"istened with 

Dubo's mineral salt solution. 

- 18 -
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3. Soils from the surface layersof a garden and arabIc 

lan&were taken in which filter paper strips were sand-

witched in mud within petridishes. After three weeks, 

the decomposing paper strips \'Iere then soaked and 

shaken in water to form suspensions. 1 mI. of the 

suspension was sprinkled on circular filter paper discs, 

moistened with Dubo's salt solution. The diameter of 

the discs was slightly smaller than the bottom side 

of a 9xlOl lOrn. petridish. All cultures were kept at 

300 C and checked for growth periodically. Growth and 

degradation were observed by clearance or trans-

parency of the filter paper discs. This was used as 

the criterion for classification of organisms as 

cellulolytic. 

Visual Determination of Cellulolysi~ 

In order to ascertain the cellulolytic nature of 

the orgailisms, the different colonies which grew on the 
" 

filter paper discs and strips were transferred to 

another system similar to that used by Han and 

Srivansan (1968) for visual determination of cellulolysis. 

This involved inoculating organisms into sterilized, 

rubber-capped test tubes (18x180 mm) containing a 

SO mm. strip of filter paper partially immersed in 

3 ml. of Dubois salt solution. 
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To detennineat what pH optimum growth can be 

observed, the system of Han and Srivansan (1968) was 

prepared in triplicates at pH's 4.5, 7.2 and 8.5, 

and incubated at 30
0

C. Growth and digestion of the 

filter paper strips were checked every other day for 

well over a month. The visual determination was used 

as a preliminary screening test for the cellulolytic 

organisms. The tubes showing good growth and disin

tegration of the strips were selected and the organisms 

saved for future tests. 

The different organisms obtained were then in

oculated into petridishes containing Potato Dextrose 

Agar (PDA) and incubated at 30°C. 

To recheck purity and cellulolytic ability, mycelial 

fragments and spores from the PDA-grown cultures were 

reinoculated into Han and Srivansan tubes (1968) for 

visual determination of cellulolysis. 

PDA slants were used to keep the stocks of the 

truly cellulolytic microorganisms. 

To further evaluate the visual screening of the 

microorganisms, they wore allowed to grow on a solid 

cellulose medium as modified by Eggins and Pugh (1962), 

The medium had the following constituents per litre: 
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ammonium sulphate 0.5 gm., L-asparigine 0.5 gm., 

potassium dihydrogen phosphate 1.0 gm., potassium 

chloride O.S gm., magnesium sulphate 0.2 gm., calcium 

chloride 0.1 gm., yeast extract (DIFCO) O.S gm., agar 

(DIFCO) 20 gm., cellulose powder (Whatman No.1) 10 

gm. The final pH was adjusted to pH 7.5. Three 

standard lOO;lfuls of mycelial and spore fragments 

were inoculated into the medium, using a needle with 

a. loop diameter of approximately 2 mm. Comparison of 

the cellulose-decomposing ability of each of the or

ganisms was made by measuring the extent and zone of 

clearing at intervals of two weeks. 

Identifica_~i02-__ of Microorganisms 

To identify and characterize the microorganisms 

(all were fun!J,al isolates); the slide culture techniqu.)s, 

as clescrib0d by Beneke and Rogers (1970), was used. 

The procedure involved pouring sterile plates with 

2% PDA medium. After solidification, the medium was 

rapidly cut into I cm. square portions with a flamed 

dissecting knife. Petridishes, each containing a 

water-soaked cotton pad, and a slide placed on top of 

a bent glass rod, were sterilized at 1210C for 15 

minutes at 1.055kg/cm2• Using sterile technique, 

each I cm sq. egar block was placed on the slide in 

the sterile petridishes. The four sides of the agar 
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block were inoculated with mycelial and spore fragments 

of the respective orRanisms. Alcohol and heat

sterilized cover slips (25x32 mm.) were placed 

centrally upon each of the agar blocks. The cultures 

were then incubated at 300 C and periodically checked 

for growth and sporulation. After sporulation the 

culture were fumigated for about 30 min. with for

maldehyde. Thereafter the agar blocks were carefully 

removed, and the coverslip as well as the slide which 

held the agar block, were stained with lactophenol

cotton blue, and then observed microscopically. 

Microscopic characteristics, rate of growth on 

PDA, Sabouraud Dextrose Agar (SDA) and Malt Extract 

Agar (MEA), appearance of colony at the front and 

reverse side as well as coloration of mycelia and 

medium were observed,and information recorded. Based 

on such information, several manuals were consulted 

for the proper naming of the organisms to the genus 

and, when possible, to the species level (Bessey, 

1950; Clements, 1964; Gilman, 1957; Gwyne-Vaughan 

and Barnes, 1965; Malloch and Cain, 1973; Smith, 1966~ 

Webster, 1970). 
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Effect of Carbon Source and pH on Cellulose Induction 

The method used for cellulase induction is the one 

used by Norkrans (1963), with minor modifications. 

The microorganisms to be t )sted were allowed to gro\>! 

in 50 ml. of Dubo's salt solution containing 0.4 em. 

either of pulverized Whatman filter paper No.1, 

pulverized cotton, pulverized newspaper, pulverized 

hay or cellulose powder. The hay after pulverization 

WRS soaked in warm water to pemove the reducing sugars 

which were initially present in a substantial amount. 

Spores and mycelial fragments from a region of 

1 cm x 1 cm. of PDA-grown plates were each, separately 

inoculated into an 150 ml capacity Erlenmeyer flask 

containing the 0.4 gm. of substrate suspended in the 

50 mI. of Dubo's salt solution. The system was 

prepared in triplicate to test the effect of pH at 4.5, 

7.2 and 8.5 on the induction of cellulase. The 

culture were incubated on a reciprocal water-bath 

shaker (80 complete strokes/minute with a stroke 

length of 10 cm.). Maximum cellulc>.se production for 

each organism was determined within a time range of 

four weeks, by taking samples every 7 days. Samples 

were centrifuged at 2000 xg for 10 minutes and tho 

cell-free filtrates which contained the cellulase 

enzymes were saved for further examinrrtion, as 

described below. 
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Assay for Cellulase Activity 

The method used for the assay of cellulase 

activity was that of Mandels and Weber (1969) 

with minor modifications. Two millliters of the 

filtrate containing the cellulase enzymes, 0.2 gm. 

of the substrate in question (filter paper) suspended 

in 20 mI. of sodium acetate buffer at pH 5.2 were 

incubated at 400 C in i 150 mI. Erlenmeyer flask. To 

avoid bacterial contamination and thus degradation of 

the proteins in the filtrate, the assay mixture was 

layered with toluene. Sample aliquots were removed 

every 12 hours for 48 hours for the determination of 

cellulase activity. The activity was measured by 

quantifying the amount of reducing sugars released 

in the suspension, as described below. 

Cellulase assay was also made to evaluate the 

combination effect of cellulases derived from the 

selected isolates with high activity. Their culture 

filtrates which were combined in equal proportion, 

were assayed on pulverized cotton and hay. 

Determination of Reducing Sugar 

The quantity of reducing sugars released was 

determined using the method of Nolson (1944) as 

modified by Clark and Switzer (1977). The reagents 

contained the following: 
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. Reagent J~: sodium carbonate 12.5 gm" potassium sodium 

tartrate 12.5 gm., sodium bicarbonate 10 em., sodium 

sulphate 100 gm., and distilled water 500 mI. 

Reagent B:hydrated copper sulphate (CuS04 .5HzO) 7.5 gRI •• 

1 drop concentrated sulphuric acid and 50 mI. of 

distilled water. 

Arsenomolybdate Reagent:nmmonium molybdate 25 gm., 

concentrated sulphuric acid 21 mI., distilled water 

450 mI., mixed with a separately prepaxed sodium 

arsenate 3.0 gm., and 2S mI. distilled water. 

The working reagent is composed of 12.5 mI. of 

Reagen·t A a.nd 0.5 mI. of Reagent B. 

One mI. of the sample and I mI. of the working 

reagent were thoroughly mixed with a vortex mixer 

(Gallenkamp), and then immersed in boiling water for 

20 minutes. At the end of the 20 minutes, the 

samples were immersed in running water to cool them 

down quickly. Thereafter 1 mI. of Arsenomolybdate 

Reagent was introduced into the samples and vortex-mixed, 

The finnl volume of sample \'Ins then adjusted to 

10 mI. using distilled water. The color produced 

was read on a spectronic-20-spectrophotometer 

(Bausch and Lamb) at 540 nm using a 1 cm. light·· 

path cuvette, against a blank which contains all the 

buffer ingredients except the enzyme source. 
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The readings were then compared to a glucose 

standard curve, to extrapolate the amount of reducinp 

sugars released. Durin~ these determinations, 

standard samples of glucose solutions were run to 

ensure reproducibility of color tests. 

A unit of enzyme activity here is defined as 

the amount of nanomoles of reducing sugar released 

from 1 mg. of cellulosic substrate in one hour at pH 

5.2 and 400 C ,. 

Identification of Sugar Released by Paper Chromatography 

In order to identify the different reducing sugnrs 

released by the cellulases derived from the different 

microorganisms, ~cending ChromatogrBvhic Bxperiment 

was run. The technique was that used by Smith and 

Seakins (1976). 

A 22x22 cm Whatman's Filter Paper No.1 was snread 

out on the table. Sample aliquots were taken from the 

mixture where enzyme activity of each organism had been 

determined. Bach sample was placed on different spots 

on the starting line, 1 cm. above the lower edge of the 

paper. This was made by alternate spotting and drying 

using a 10 ~l hypodermic syringe (Hamilton). The process 

continued until 0.2 mI. of the mixture was deposited 

without increasing the size of the spot ( I em). 

Standard glucose and cellobiose were run alonpside 

for reference. The naper was then allowed to air-dry. 

I 
l 
J 
I 
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The paper was held in cylindrical shape by 

fastening with staples and put in a glass-stoppered 

jar 25 cm in diameter and 25 em. high, in which 

100 mI. of the developing solution Cn-butanol, acetic 

acid and water; 60:15:25) was poured. The solvent 

was allowed to travel upwards through the paner, 20 cm. 

beyond the starting line. The paper was then dried 

in air. The location of the sugar spots on the paper 

was revealed by spraying with the aniline-diphenyl

amine developer just heavily enough to wet the paper. 

Ani! ine-dephenyl amine develoj)er cons ists; Ani! ine 

4 mI., diphenyl-amine 4 gm., and acetone 200 mI. The 

paper was then heated in an oven for about 5 minutes 
o at about 80 C. The sugars were identified by their 

relative positions and specific color production and 

compared with the relative positions of cellobiose 

and glucose on the same chromatographic paper. 



CHAPTER III 

RESULTS 

Isolation of Microorganisms: Several bacterial and fungal 

cellulose··decomposers were isolated from various sources. 

However, because of their known capability to release 

extracellular cellulases into the growth media , funpi 

were chosen for this research. Seventeen species of fungi 

which fall into fifteen genera wore isolated on filter 

paper baits from decomposing plant and garment, garden soil, 

arable soil and manure. The organisms and the sources 

from which they were isolated are tabulated in TABLE I. 

Two species each of the ~enera Trichoderma and 

Aspergillus, and onc species from the genus Curvulari~ 

were isolated from all sources. Cephalosporium sp. was 

isolated from the decomposing plant and garment, garden 

and arable soils. Even thour.h Chaetomium sp. was not 

isolated from garden soil, it was present in all other 

sources. Rhizopus sp. was also isolated from all sources 

except the decomposine. plant and garment samples. 

As shown in TABLE I, the majority of the fungi were 

isolated from arable and p:arden soils. The species isolated 

from these two sources represented the following genera, 

Helminthosporiulll, fenicill ium, Pythium2. E;tachybotrys, 

Verticillium and .0ygorrhynchus. ,I\lternaria sp. and Fusarium 

sp. were isolated from decomposing plant matter and arable 

soil, whereas Geotrichum sp. was found in only arable soil. 

- 28 -
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TABLE I 

Cellulose-degrading microorganisms isolated from different sources 

Name of Fungi --+-
sine I and 

Decompo 
pVmt 
gann 'Ont 

AI ternaria sp. oj-

Aspergillus 'flavus {-

Aspergillus niger {-

Cephalosproium sp. + 

Curvularia sp. {-

Fu~arium sp. {-

Geotr!~h.~ll] sjJ. 

!lelminthospori~ S!). 

Penicillium sp. 

Pythi~ sp, 

Rhizopus sp. 

Stachybotrys sp. 

Trichodenna sp. I 

Trichodenna sp. 2 

Verticillium sp. 

Zygorrhynchus sp. 

!-------

{-

{-

SOURCE 
I i 

Garden ' Arable 
soil 1 soil Manur<> , 

I --
I 
I 

.. + • 

{- {- {-

+ {- •• 

+ + .. 

i - {- + 

+ {- -
.. + -

- {- .. 

+ I oj- .. 

+ 
j 

{- .. 
I 

+ + + 

., {- .. 

+ + -
{- + + 

+ {- + 

+ {- ., 

+ + .. 

. . 
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Visual Determination of Rate of Growt~:The funeal isolates 

were grown on filter paper strips to d~termine their 

growth rates. As shown in TABLE II, each organism 

displayed different growth rates within a time lapse of 

7-21 days. The rate of growth was scored as 4 when 

growth was abundant, and 1 when growth l</a5 found to be 

minimum. 

Growth rate determihation showed that Curvularia sp., 

Helminthosporium sp., the two species of Trichoderma, 

Chaetomium sp., Stachybotrys sp., and Zygorrhynchus sp. 

had abundant growth in 14 days. t-spergillus giger, and 

Rhizopus sp. displayed a good growth pattern in the same 

time period. Species of the genera t-1ternaria, .gephalos

Eorium, Penicillil~m, Pythium and yerticil)i!!.!:'; grew slowly. 

However, upon continued incubat ion they al so c1.isnlayed 

fairly moderate growth on the filter paper strips. 

Growth of Aspergill.us flavus, Fusarillm sp., and 

species of Geotrichu~ was initially very low; nevertheless 

upon prolonged incubation (>14 days), thoy also showed 

detectable growth. 

Detection of Cel1ulolysis in Cellulose Agar:Most of the 

fungi grew well and produced clear zones on the cellulose 

agar medium indicating that the cellulose has been de

graded to soluble products. The extent and de~ree o~ 
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TABLE II 

Rate of growth of Cellulolytic fungi .on filter paper 

11llffi~T5ed in Dubo I s sl:±t solution at pH "1. 2 (S!_~ion3l:ry, 

~ulture) 

Name of Fungus 

Alternaria sp. 

Aspergi lIus Da.v_~~ 
AS,l>ergillus niger, 

~ephalosporiun_! spo 

Chaetomium sp. 

Curvularia sp. 

Fusarium sp. 
Geotrichum ,sp. 
!leI min thos,l>0r hlP! 
Penicillium Spa 

Pythium sp. 

Rhizopus sp. 
,Stachybotrys sp. 
Trichoderma sp. 1 

Trichoderma sp, 2 

Verticillium sp. 

,?ygorrhynchus spo 

- No growth 
1 Slight Growth 
2 Moderate Growth 
3 Good Growth 
4 Abundant Growth 

sp. 

7 

Days of Incubation of 30
0 C 

days 14 days 21 days 

1 2 2 

1 1 2 

2 3 4 

1 ? 2 

3 3 4 

3 I[ 4 

" J. 2 

- 1 1 

3 4 4 

1 2 3 

2 2 3 

2 3 3 

3 " .:[ 
" 

3 3 I) 

3 [1· 4 

1 2 3 

3 4 4 

'1 
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cellulose degradation ,.,as then estimated by measuring 

the zone of clearance around each inoculum site at days 

7 and 14 (TABLE III). 

Effect of' pH on gr01Qth of the fungi on FH tel' Pa~r in 

Stationary Culture:Growth of the fungal isolates at acidic. 

near",neutral and basic pHs was determined at various in

cubation periods on filter paper strips immersed in 

Dubo 1 s salt solution (TABLE IV). Generally all of them 

were found to grow well at the near,neutral pH (7.2). 

Seven of the species isolated exhibited rood growth 

at all of the pH values. These 1'Iere: Aspergillus niger, 

Cephalosporium sp., Curvularia sp., Pythium sp., ~hizopus 

sp., Stachybotrys sp., and Zygorrhync}~1:l2 sp. At pH 4.5 

ana 7.2, the two species of Trichoderma " !l:sperpillus 

flavus, Helminthosporium sp., Penicillium sp., and 

yerticilliu~ sp. were shown to grow well. The sl01'l

growers, represented by Fusarium sp., and Geotrichum sp., 

grew only at pH 7.2 after 14 days of incubation. 

Cell-free Cellulase Production:To determine the capacity 

and efficiency of cellulase production by the fun~al 

isolates, all of them were inoculated into filter paper 

medium at pHs 4.5, 7.2 and 8.5. They were incubated 

at 300 C in shake cultures for fonr 1'Ieeks. Culture 

filtrates were then used as e~zyme source. S~mples from 
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TABLE III 

Determination o1J;rolyth 011 cellulose __ P:.Bar (pH 7.2) 

Name of Fungus Zone of Clearance (cm) 

7 days 14 days 

Alternaria sp. 3 6 

Aspergillus £lavus 6 9 ----
Aspergillus nieer 9 9 

Cephalosporium sp. 2 6 

Chaetomium sp. 7 9 

Curvularia sp. 7 9 

Fusarium sp. 3 5 

Geotrichum sp. 2 4 

Helminth.9 sporium sp. 8.3 9 

Penicillium sp. 2 4.5 ------
!'ythium sp. 5.2 7.8 

Rhizopus sp. 9 9 

Stachybotrys sp~ 9 7 

Trichoderma sp. 1 9 9 ------------
Trichoderma sp. 2 9 

':'J Verticillium sp. 4.5 

~gorrhynchus sp. 9 
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TABLE III 

Determination of growth on cellulose agar (pJ1 7.2) 

------------ -----,------------

Name of Fungus 

AlternaEia sp. 
Aspergillus ilavus 
Aspergillus niger 
Cephalosporium sp. 
Chaetomium spo 
Curvularia sp, 
Fusarium sp. 
Geotrichum sp, 

He111linthosporj.u~ sp. 
?enicillium sp, 
Pythium sp. 

~hizopus sp. 
Stachybotrys sp, 

Lri~~od~rn.!!J: sp, 1 
!richoderma sp. 2 
Verticillium sp. 
Zygorrhynchus sp. 

Zone of 

7 days 

3 

6 

9 

2 

7 

7 

3 

2 

8.3 

2 

5.2 
9 

9 

9 

9 

4.5 

9 

Clearance ( cm) 

14 days 
--------

6 

9 

9 

6 

9 

9 

5 

4 

9 

4.5 

7.8 

9 

7 

9 

9 

6.9 

9 
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culture filtrates were taken and assayed on the sub

strate suspended in sodium acetate buffer at pH 5.2 and 

!lOoC. They were incubated for 48 hours taking samples 

every 12 hours, to detect the maximum activity of the' 

enzyme in the culture filtrates with respect to the 

release of the reducing sugars. 

The fungi capable of releasing cell-free cellulase 

in the medium at different pHs,and the enzyme activity 

found in their respective culture filtrates are shown in 

TABLE V, Fig. 1, 2, 

Of the organisms tested, only eight were shown to 

elaborate cell-free cellulase enzymes in the culture. 

Only one, Cephalosporium sp. was found to release cell

free enzyme at all of the pH Values tested, "lith the maximul', 

excretion at 8.5, Pythium sp., and Zygorrhynchus sp. 

were found to produce cell-free cellulase at pPs 4.5 Bnd 

7.2. The other three namely furvularia spo, Helminthospo::-it!!.l\ 

sp., and...s.t.acl~b.Q.tXYd. sp., were found to be restricted to 

pH 4.5 in the excretion of the enzyme in the medium. The 

two isolates of the genera Trichoderma and Verticillium' 

were shown to actively elaborate cell-free cellulase at 

pH 7.2. This difference showed that pH had an effect on 

cellulase elaboration as it had on growth of the fungal 

isolates on filter paper (T,~BLF IV and V) . 
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TABLE IV 

Effect of 'DE on Growth of Microorganisms on Filter Pa'Der (Stationay CuI ':ure) 

at 300 C 

I 7 days 
Name of Fungus pH 

4.5 7.2 8.5 

Alternaria sp. - + -
AS'Dergillus flavus + + -
Aspergillus niger + + + 

Chaetomium sp. - + -
Curvularia sp. + + + 

Fusarium sp. - - -
Geotrichum sp. - - -
nelminthosporium sp. + + -
Penicillium. sp. + + -
Pythium sp. + + + 

Rhizo12us s1" ., + + 

Stachybotrys sp. I .. + + 
Trichoderma sP. 1 + + -
Trichoderna sP~ 2 I + + -
V t' "1' .. I + + 

I 
er lC~..1., IUm. 51')", -

.zy,;orthYTIChfls. sp. 
, 
I + ;- + 
! 

+ - ~;;---
- I.)T "'wth ;:;: }J6GT0",li.::: 

14 .days 

pH 
4.5 7.2 8.5 

- + -
+ + -
.. + .. 
- + -
+ + + 

+ - -
- + -
+ + -
+ + -
+ + + 

+ + + 

+ + + 
+. + -
+ + -
+ + -
+ + + 

4.5 

-
+ 

.. 
-
+ 

-
-
+ 

+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 

21 day,; 

pH 
7.2 8.5 

+ 

+ 

+ + 

+ 

+ + 

+ 

+ 

+ 

+ 

+ + 

+ .. 
+ + 
+ 
+ 
+ 
+ + I 

I 
• ...l 

'" '-" 



T.I\BLE V 
Effect of nH and period of incubation 'on extra-cellular cellulase uroduction L~ fi1ter'pa~er'medium 

7 days 14 days 21 days I ,28 days ' 
Name of Fungus nH :pH nE -r pH 

6," 5 7.2 8.5 4.5 7.2 8.5 4.5 7.2 ~ 4.5 7.2 8.5 

Alternaria sr. 
AsEergillus flavus 
Aspergillus niger 
CeEhalosporium sp. + + + + ;- + + + + ;- + + 

Chaetomium s1:'. ,. 
Curvularia sp. ,. + ;-

Fusarium sp. 
Geotrichum S? 
Helminthosporiurn, sp. ;- ;-

Pencillium sp. 

Pythium, sp. + + -+ + + + + + 

Phi ,~ zopus sp. 
StaD'1rbotrys sp. + + + -
Trichoderma sp. 1 
Trichoderma s~. 2 + ;- + + 

Verticillium 5". + ;- ;- ;-

ZY20rrhvncnus sr. 
• J ,_.' ! 

-----~ ----I-

! 
___ 1 __ 

.,. + ;- .:~ + ":~ + + 

.--- ._---", -------- ,------

, 

'" "" 
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The time at which cellulase elaboration starts and 

declines in each fungus I'las determined at. ,"eekly interval 

for four weeks. As shown in Fig. I and 2, each isolate 

was shown to display its own cellulase elaboration periods. - . 

The time of active cellulase elaboration lay between 

14-21 days for almost all organisms. 

The highest production of cellule.se was shown by 

Verticillium sp. and ~gorrhynchus sp. at pH 7.2 and, 

" Helminthosporium sp. and Stachybotrys 5p. at pH 4.5 -LOW 

activity (production) was found in Cephalosporium Sf!. and 

Trichoderma sp. 2 at pH 7.2
J

and C~halosporium sp. Pyt:hi'1~ 

sp. at pH 4.5, respectively. The overall pattern showed 

higher cellulase elaboration "Ihen the organisms were 

grown at pH 7.2 rather than 4.5 or 3.5. 

Effect of Carbon Source on Cellulase Elaboration: Based 

on types of the cellulosic material, cellulase activity 

in the culture filtrates of the isolates Was found to 

vary. Only Cephalosporium sp., Trichoderma sp. 2, 

Vertici1lium sp. and .zygorrhynchus sp. were found to 5hO\,' 

activity on cotton and cellulose powder. which is a 

characteristic of the true cellulolytic microorganisms 

(fABLE VI). 

These isolates were also tested on different sub·-

strates and found to display different activities. Fow

ever, maximum activity of cellulase from all culture 
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TABLE VI 

l'ffect o:e carbon source on celTulaseelaboration 

, 

Unit of Enz)'!!le Activity ~ 

o 
Name of Fung'..l.s 

Cotton Cellulose powder Filter paper Ne1'lS-p.aper . hay 

CeEhalosporium S?o 100 102 506 5.3 706 

Trichoderma sp. 2 0.8 0087 11.0 506 601 

Verticillium S])o 1.6 202 24.0 506 5. 7 ! 

, Zygorrhynchus spo L2 102 33.0 3.0. f, 16 I 
I I , 

, 
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filtrates was shown on filter paper (TABLB VI). 

Relatively moderate activity \{as shm'ln on newspaper and 

hay, whereas weak cellulolytic activity was found on 

cotton and cellulose powder in most cases. 

Cellulase Activity on Different Substrates: The activity 

of cellulases derived from various substrates \,'US assayed 

on each substrate by taking the most cellulolytic 01'

~anisms (TABLE VII). In all cases, the culture filtrates 

derived from all the substrates showed weak activities on 

cotton and cellulose pm'/der. However, relatively hip:h 

activity of the enzyme was often exhibit0d when a culture 

filtrate was assayed on the parent substrate on which the 

fungus was previously induced to produce the enzyme. 

The cumulative effect of cellulase components derived 

from the different cellulolytic fungi was determined by 

taking culture filtrates of ~)halosporillm sp., Verticillium 

sp., and ZygorrhyncJ:us sp. The combined effect of paired 

culture filtrates from these orp:anisms was compared to the 

cellulase activities of the individual species on cotton 

and hay (TABLE VIII). 

As a result, paired culture filtrates of Verticillium 

sp. and ~rrhynchus sp. sho\~ed a higher activity on 

both substrates than -the individual culture filtrates of 

the organisms. This was also shOl,n by the combined action 

of culture filtrates of Cephalosporium sp. and Zygorrhynchus 
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I\ssay of culture filtrates de~i.,!ed from_-:Ji.f:f:erent 
media on various cellulose containing substrates 

--
Organism Grol-ith medium J\ssay substrate 

-
CeEhalosllOriulll Cellulose powder Celltllose powder 

Cotton 

• Newspaper 

Fay 

Filt.er paper 
• 
Cotton Cellulose powder 

Cotton 

NelQSpaper 

Eay 

Filter paper 
-
Newspaper Cellulose powder 

Cotton 

Newspaper 

Hay 

Filter paper 

Hay Cellulose powder 

Cotton 

Newspaper 
I-~'ly 

Filter paper 

Unit of enzyme 
activity 

1.2 

1.0 

3.0 

i) .0 

4.2 

0.8 

0.73 

2.5 

12.0 

12.5 
--

2.3 

2.0 

S.3 

6.1 
4.8 

--
3.2 

:).0 

4.1\ 

7.6 

5.6 
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TABLE VII (Cont' d) 

--_.--t 
Organism prowth medium 

\ Fil tel' paper s;ephalosporiun 

sp. 

Trichoderma_ 

sp. 2 

'Cellulose 

Cotton 

--
Newspaper 

Hay 

'----_1 

powder 

Assay Substrat e 
~-------. 

Unit of E..'1Z )'11\0 

activity 
--+------------.-

del' Cellulose pow 

Cotton 

News,:iaper 

Hay 

Filter paper 

l.~ 

1.1 

3.3 

5.1 

5.6 

--f------------

del' Cellulose pow 

Cotton 

Newspa!'Je-c 

Eay 

Filter pa)Jel' 
-._. 

del' Cellulose POl'! 

Cotton 

Newspaper 

Hay 

Filter paper 

del' Cellulose pow 

Cotton 

Ncwspa-oer 

Fay 

FH ter paper 

0.78 

o.a 

5.2 

8.0 

1.1 

0.3 

2.1 

5.2 

6 .. 5 

5.6 

5.0 

4.8 
, 
.1 

" " 
-;----_____ .1 

der Cellulose ))0\'1 

Cotton 

Newspaper 

Hay 

Filter paper 

1.0 

0.7 
2.5 

6.1 

7.8 



- 44 -

T,~LE VII (Conttd) 

r-
Unit of (;-D.zym 

'-, 

e 
Organism GrOl'ith medium Assay substrate activity 

Trichodenna Filter paper Cellulose powder 0.7 
sp. 2 Cotton -

Newspaper 1.0 

Hay 1.2 

Filter paper 11.0 

-

Vert icill ium Cellulose powder Cellulose powder 2.2 ---
sp. Cotton 1.8 

Newspaper 3.8 
p,ay 4.7 

Filter paper 9.6 
- ------

Cotton Cellulose powder 1.2 

Cotton 1.6 

Newspaper 1.6 

Pay 5.5 

Filter paper 8.6 
-----_ .. ----

Newspaper Celhdose powder 1.3 

Cotton 1.5 

Newspaper 3.7 

Hay 3.7 

FH tel' paper 2.31 

Hay Cellulose powder 3.8 

Cotton 0.5 

Newspaper 2.5 

Hay 2.9 

Filter paper 2.3 
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TABLE VII (Cont'd) 

--r-

Organism GrOl'lth medium Assay substrate Unit of enzyme 
activity 

Vert ici 11 ium FH tel' paper Celluloso powder 2.8 
sp. Cotton 5.6 

Newspaper 10.S 
Hay 16.2 
FH tel' paper 24.1 

Cellu10so powder Cellulose powder 1.2 

Zygorrhynchus Cotton O.S 

sp. Newspaper 1.8 

I-L.'lY 1.3 

FH tel' pap'er 2.5 
------

Cotton Cellulose powder 2.3 
Cotton 1.2 
Newspaper. 1.0 
Hay 2.9 
Filt8r paper 2.5 

- .----

Newspaper Cellulose powder 1.8 

Cotton -
Newspaper 3.0 

Hay 5.3 
FH tel' paper. 2.5 

---
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TABLE VII (Cont'd) 

---- . 

Organism G:rowth medium Assay substrate Unit of enzyme 
activity 

-
Zygorrhynchu5 i-hy Cellulose powder 1.8 

sp. Cotton 1.0 

Newspaper 1.3 

Pay 6.6 

Filter paper 5.8 

--
Pil ter paper Cellulose powder 9.1 

Cotton 8.2 

Newspaper 16.3 

flay 25.2 

Fil ter paper 33 



TABLE VIn 

CUI:mllative effect Of culture filtrates obtained from CeuhalosmrlUl::! sp., 

Verticillium s-p., a\'"!.Q Zygorrhyncnus SF. on the Qe)Znl.dation of cotton & hay 

Unit of enzYTe activity 
Na.':le of Fungi 

Cotton r~y 

Cephalosp' .ium. sp. 0.78 7.~ 

Verticillium. sp. 0.5 ~· .. 7 

~hyncA'J.S 5;::. • 1.2 c.7 

Cephalo~oorium. sp. + Verticilliur sp. 1,,5 7 .~. 

Cenhalospori",," sp. + ZYl'!orrhyncnus s1'. 1.7 7." 
Verticillium. sp. + Zygorrhynchus 5:0. 108 t 7 ~ 

I ." 
Cephalos1XJrium sr. + VerticilJ.iw. sp. + Zygorrl::yr:chus sp. 1.0 5.6 

i 

"'" ...., 
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sp. on one hand, and that of Cephalosporium sp. and 
Verticillium sp. on the other. 

The cumulative effect of culture filtrates derived 

from all of the three isolates did not show an increase 

in the activity. On the contrary, less activity was 

exhibited than the paired ones. 

Effect of Glucose and Cellobiose on Cellulase Activity: 

The concentrations at which cellulase from Zygorrhynchus_ s-p, 

could be inhibited by glucose and cellobiose, was tested 

J,I} YlllQ, taking sugar concentr!ltions of 50, 100, and 200pg/mJ. 

In all cases, cellUlase was not inhibited. A further 

attempt was made by increasinp.: the concentrations. Eow-

ever, the results with increased concentrations were con-

flicting, either due to the masking effect of the high 

concentration added to detect the smaller changes in the 

activity, or the inhibitory effect (TABLE IX). 

Identification of Sugars by Chromatography:All of the 

samples were found to contain cellobiose and glucose in 

different proportions (TABLE X). Based on the diameters 

of the spots of each sugar on the paper, it was found that 

the concentrations vary as to the activity of thE; enzyme 

derived from the culture filtrates of the different isolates. 

The result showed that Stachybotrys sp. and Verticillium sp. 
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TABLE IX 

The ~ffect of glucose and cellobiose on the in vitro 
activity of cellulase from ZYRorrhynchus sp. on filter 

PAPER 

vg reducing sugar releasee 
Culture filtrates (C. F . ) substrate at various 

limg 

s) incubation periods (hour. 

12 

CF 6.1 
(';1' + 50!! g Glucose 6.2 

CF + 100\lf!, II 5.8 

CF + SOOn " 5.9 

CF + 1000\lg 1\ .. 

CF + 2000\lg " -
CF + 50\lg " 5.8 

CF + 100\lg " 6.1 

CF + SOOn " 6.0 

C1' + 1000\lg Ii .-

CF + ZOOOpg " -

24 

14 . 6 

14.0 

13.9 

14.1 

-
-

13.2 

14.3 

14.4 

-

.. 

36 

15.0 

15.5 

14.5 

14.3 

-

-

13.4 

14.6 

15.3 

-

-

48 

1. 

1. 

1 

1 

6.0 

6,0 

l' 

1. 

),0 l' 
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TAllLE X 

Chromatographic identification of reducing sugars released by 

cellulase in culture filtrates obtained. from various organisms 

Name of Organism 

\.- ~ephal0 SErolulll 50. 
\ 

Curvula ri.£ sp, 

Helmint hosl2..ritim .. 

1 sp. Pythi.un 

Stachyb otry's sp. 

Tri.c11o, .:lenna spo 

Vert in '11 iun.l sp. 

2 

Zygorrh ynchu~. sp. 

sp. 

Type of Sugar 

Cellobiose Glucose 

++ + 

<- ++ 

+ ++ 

+ ++ 

++ ++ 

+ ++ 

++ ++ 

+ +++ 
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contained both sugars in equal proportions. Glucose was 

the dominating sugar in the remaining fungal isolates 

except Cephalosporium sp., where the concentration of 

cellobiose was higher than that of Glucose. 



CBAPTER IV 

DISCUSSION 

Generally. isolation of cellulose-degrading micro

organisms from the soil,or any decaying cellulosic sub

strata is not an easy task. This is mainly due to lack 

of strict standard procedures in the cultivation of most 

of the organisms (l'larcup, 1967). Even though baiting 

methods are normally applied for the isolation of these 

organisms, no single baitinR technique exists to cover 

all of them (Willoughby, 1960). 

The distribution of microorganisms is affected by 

many ecological factors. Of these factors, the nature 

and condition of the substrata playa major role. The 

conditions of the substrata govern the pattern of colony 

succession. This, in turn, dictates the type and number 

of microorganisms which can be isolated under laboratory 

conditions. 

Exhaustive search for cellulolytic microorganisms 

from different sources of the environment was not carried 

out in this research. However, the few sample sourC0S 

freT' which these organisms were isolated do seem to indicate 

that they are widespread in nature (TABLE I). 

- 52 .. 
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Cellulolytic members of the genera Aspergillus 

Trichoderma, Cephalosporium, and Curvularia l~ere isolated 

from most of the cellulosic source i.e. decomposing 

plant debris, garden soil, arable soil and manure (TABLE 

I). The capacity to produce large quantities of spores, 

rapid production of mycelia, ability to elaborate in

hibitory substances to avoid competition, and tolerance 

of many metabolic waste products in the substrata enable 

these organisms to colonize various cellulosic sources 

(Barton, 1960, Garret, 1962; Alexander, 1964; Thomas and 

Dietz, 1966; Smith and Long, 1981). 

The isolation of Helminthosporium sp., Pythiurn sp., 

and Stachybot~ sp.from mainly garden and arable soils 

results from the fact that these fungi are active members 

of the soil microflora, and exhibit co-dominance with the 

highly sporulating fungi such as Trichoderma and AS1Jex:.&il~.':l:~_ 

species (Saito, 1955; Nicot, 1960; Tribe, 1960). Though 

Chaetomium and fusarium species were not isolated from all 

sources in this research, they were frequently recorded 

from different cellulosic substrate by others (Webster, 

1970) . The isolation of Chaetomium sp., t¢d::RJ;lizopus sr., 
'.'." .. 0", .. 

from manure shows that these caprophilic fungi are the 

pioneer colonizers of dung and other animal excreta which 

are often rich in cellulosic substances (Gwynne-Vaughen 

and Barnes, 1965). 
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The rate of I~rowth of cellulolytic orgnnisms was 

found to vary on the filter paper duo to the inherent 

ca~3.ci ty of the organisms to produce the cellulase 

enzyme system. (Norkrans, 1967).. Consequently, Trichoderme 

sp. 1 and 2,Aspergi.llus niger, Curvu~2-ria sp., 

Helminthosporium sp., Rhyzopus sp., Stachybotrys sp., 

Chaetomiul1! sp., and ]:ygorrhynchus. sp., showed faster' 

growth rates (TABLE II and TABLE III). 

Although growth of the organisms on the substrates 

is dicatated by the induction of cellulase enzyme, this 

does not necessarily imply the elaboration of the enzyme 

into the culture medium. Out of the organisms that exhi

bited high grolvth rates on filter paper, only Ce.£!?alosp01".i~rJl 

sp. Helminthosporiu~ sp., Pythium sp., Stachybotrys sp., 

!richoderma sp. 2, Verticillium sp. and 0.:gorrhynchus sp., 

were shown i:o displf\y cellulase activity in their culture 

filtrates (TABLE V). 

In this study, the isolates of the commonly 

cellulolJ':ti.c members of the genera. Al ternaria, Chaetomium 

and Fusarium were not shown to elaborate cell-free 

cellulase in tho medium. Even the isolates from the 

famous genus Aspergillus, whose culturos have been used 

as normal source of cellulase for industrial use 

(Lynch et aI., 1981), did not exhibit cellulase activity 

in their culture filtrates (TABLE V). 
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The difference between detection of growth on filter 

paper in stationary culture and cellulase elaboration in 

shake culture emanates from various factors. The nature 

of the enzyme system, and whether the different components 

in the system are cell-bound or not, the adsorption and 

release of the enzyme from the substrate, inactivation 

during mechanical shaking and foaming during agitation 

are the major factors governing the detection of cellulase 

activity in culture filtrates (Norkrans, 1963; 

Kudrya.shoYCt £!. al., 1974). 

The g«Jowth of cellulose-decomposing fungi; their 

elaboration of cellulases in the medium, and the rate 

at tiliich they degrade the cellulosic substrate on which 

they grow were found to be influenced by the origin and 

nature of the cellulosic material (TABtE VI). This 

difference is as a result of the degree of polymerization 

and the content of non-cellulosic material found in the 

substrate which, not only dicate the quality and quantity 

of the enzyme to be produced, but also influence the 

kinetics of the enzyme on them(Halliwell, 1966; Lynch 

et aI., 1981) 0 

Only Cer.~halosporium sp., Trichoderm~ sp., Verticill ium 

sp., and '?:yRorrhynchus sp. exhibited growth and cell-frOB 

cellulase activity on high-ordered cellulose namely, cotton 
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and cellulose powder (TABLE VI). Activity on cotton 

is attributed to the ',resence of the maj or components, 

particularly C1 in the enzyme system of the organism. 

The concerted action of Cl and the other components 

results in the solubilization of cotton and native 

celluloses (Mandels and Reese, 196~r' Halliwell, 1981). 

Cellulases derived from culture filtrates of 

Cephalosporium sp., Trichoderma sp., Verticillium sp., 

and ~rr~.ynchus sp., grown on different substrates 

showed differont activities (TABLE VI). Because the 

best growth and cellulase elaboration was displayed on 

filter paper~this indicates that these organisms favour 

highly-modified cellulosic substances more than crystalline 

and native celluloses (Nandels and Reese, 1964). Good 

growth and cellulase elaboration shown by some of these 

fungi on hay signifies the point that non-cellulosic 

components of this substrate play an important role for 

the induction and activity of the enzyme system (Babiskaya, 

and Stakeen, 1981, "Ioo-Young ~t al., 1981). 

Cellulases induced either on filter naper, cotton, 

hay or newspaper displayed their optimum activity when 

assayed on the same substrate in which growth of the 

organism WBS initiated. Hence the use of an assDy sub

strate different from that of the growth medium in

variably yields different results (TABLE VII). 
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This shows that the substrate on which the organisms 

grow dictates the type and amount of cellulase ·t1wt can 

be produced. 

The cumulative activity of culture filtrates derived 

from the different paired organisms on hay and cotton was 

shown to be higher than the individual activity from each 

organism (TABLE VIII). This is mainly due to the fact 

that all organisms do not produce all the components evenly 

in their cellulase system The addition of different 

culture filtrates therefore, induces higher activity as 

a result of the combined action of the components derived 

from the individual enzyme system (Desrochers and Jurasek, 

1981) . 

Apart from the nature of the substrate which dictates 

the production of the cellulase enzyme, pH was also shOll'll 

to affect growth rates and cellulase elaboration. The 

different results obtained from the stationay and shake 

cultures showed that the fungi favour acidic and near-

. neutral pH values for their growth and for the excretion of 

cellulase into the culture medium (TABL' IV, Fig. 1 & 2). 

This finding agrres with previous works which showed 

the wide range of pH tolerance displayed by cellulose~ 

decomposers (Bhasu & Ghose, 1960; Alexander, 1964; 

Ha11iI1811, 1971). However, cellulase elaboration exhibi t(jd 

by 6 of the 8 organisms at low pE results from the fact 



.- 58 -

that low pH causes lysis of the mycelial cells. The 

disruption of the cells by lysis releases the cell-bound 

cellulase into the culture medium which, in turn results 

in the activity of the enzyme in the culture filtrates 

(Norkrans, 1963). 

The inhibition of cellulase activity in vitr~ by 

cellobiose and glucose on the culture filtrate of 

Zygorrhynchus sp. was not achieved at concentrations of , 
SO, 100 and 200 ~g/ml. However, glucose and cellobiose 

have been shown to reduce th0 percentage activity of 

cellulase obtained from Trichoderma vir ide at concentra-----
tions of O. 036~ 5.2 mr./ml. (Wood, 1971). 

The reducing sugars released during cellulose hydro

lysis by the fungi tested were glucose and cellobiose 

(TABLE X). The difference in the concentration of the 

two sugars released by cellulolysis is one indication of 

the type and concentration of the enzyme components in-

duced by the substrate. The high concentration of 

cellobiose in the assay mixture implies the higher activity 

of the carboXy.methyl cellulase (ex) component in the 

system, whereas the higher glucose content in the enzyme 

hydrolysate is the manifestation of the hiph activity 

of B-glucosidase 
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