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Thraustochytrids, classified under the phylum Heterokonta, Kingdom Chromista (Cavalier-

Smith et al. 1994) are marine, osmo-heterotrophic, fungoid protists found in saline lakes, 

marine and estuarine waters (Porter, 1990). To date a total of 30 species of thraustochytrids 

have been grouped into 7 genera, characterized by their morphological and developmental 

characteristics (Porter, 1990). 

These organisms possess a multi-layered wall predominantly made of L-galactose (Darley 

et al., 1973), an organelle termed sagenogenetosome from which the ectoplasmic nets arise 

(Perkins, 1973) and biflagellate heterokont zoospores in many of the described genera 

(Moss, 1986).  

Thraustochytrids prefer sites of high nutrient concentration and have been reported from a 

variety of habitats such as sediments, marine detritus, phytoplankton aggregates, water 

column, invertebrates, living algae, animal guts, etc. (Raghukumar et. al., 2000). They 

often prefer salinities corresponding to 40 to 100% seawater  but strains that grow well with 

a wider range of salinities and tolerate at least 1.5-2 fold that of seawater strength have also 

been described. Depending on the nutritional conditions, their numbers in the water column 

vary from below detection level to 10
6 

cells/L. 

Thraustochytrids are enumerated using the pine pollen baiting/MPN method of Gaertner 

(Raghukumar et.al.,1995). They can be also identified by fixing with formalin and staining 

with acriflavine (Raghukumar and Schaumann, 1993); cell walls are stained with orange-to-

red fluorescence and the nuclei with yellow-green fluorescence. 

A major obstacle in the study of thraustochytrids has been in their identification and proper 

systematic classification. Morphological phenotypes have been found to be unstable 

because of different nutritional conditions. But more recently, the gene encoding for the 

small subunit ribosomal RNA (18S rDNA) is being widely used for  molecular 
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characterization and for phylogenetic analysis. A simple, fast and low cost protocol for 

DNA extraction using lysis-buffer has also been established for thraustochytrid 

characterization and phylogenetic studies (Mo and Rinkevich, 2001). 

The ecological role of thraustochytrids is still not clearly understood.  They are believed to 

be an important component of the marine food chain in terms of efficiency and high 

nutritional value to their predators. Kimura et.al. (1999) postulate that planktonic 

thraustochytrids (sized 10 μm) serve as a suitable food item in terms of size for 100 μm 

sized protozoans, heterotrophic dinoflagellates  and filter-feeding bivalves. The nutritional 

value of thraustochytrids in the marine food chain is largely because of their production of 

high levels of essential fatty acids such as docosahexaenoic acid and docosapentaenoic 

acid, which are not synthesized de novo by marine animals but are obtained in the diet from 

primary producers including thraustochytrids (Fell and Newel, 1998). 

Another and more important ecological role of thraustochytrids may be in the 

decomposition of refractory organic substrates in marine ecosystems. In addition to the 

capability of recycling refractory organic matter, cells of thraustochytrids are also thought 

to have higher carbon contents, producing a larger impact on C-cycling than a 

bacterioplankton cell would. Direct determination of thraustochytrid cell C: N ratio gave a 

value of 10.5 (Kimura et al., 1999) while that for bacterioplankton was 5.9 to 6.8 (Fukuda 

et. al., 1998). It has therefore, in all correctness been suggested that thraustochytrids play a 

greater role in coastal carbon cycling than previously presumed (Kimura et al., 1999). 

Studies have revealed that thraustochytrids growing in nutrient broth can degrade up to 

30% of tar-balls. They have also been reported to degrade branched alkanes, cycloparaffins 

and polycyclic aromatics (Raghukumar et al., 2001).The capability of marine fungoid 

protists to synthesize cellulolytic enzymes further supports the recent findings that the 

abundance of the ectoplasmic nets of thraustochytrids contain extracellular enzymes that 
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allow penetration of solid surfaces and breakdown of organic compounds for adsorption 

and transfer of nutrients (Bremer, 1976; Coleman and Vestal, 1987). The presence of 

extensive ectoplasmic nets with highly degradative enzymes indicates a primary role in 

decomposition. Previous studies reported that the nets and enzymes of thraustochytrids 

penetrate and digest the cellulosic cell wall of plants (Perkins, 1973). Thraustochytrids have 

been reported to produce a wide spectrum of enzymes involved in the hydrolysis of all 

classes of organic compounds indicating their ability to degrade a large variety of substrates 

(Bongiorni et al., 2005).Thraustochytrids in the water columns have been said to be 

dependent on the riverine input of terrigenous organic matter such as lignin and cellulose. 

Enzymes are among the most important products obtained for human needs through 

microbial sources. A large number of industrial processes in the areas of industrial, 

environmental and food biotechnology utilize enzymes at some stage or the other. Current 

developments in biotechnology are yielding newer applications for enzymes. Cellulose and 

xylan, being among the most abundant and renewable resources, are potential raw materials 

for microbial production of food, fuel and chemicals (Coughlan, 1985). Investigations on 

the extracellular cellulases of fungi have been concentrated mainly on Trichoderma sp. and 

studies on other mesophilic fungi suggested the possibility that other cellulase systems 

could be utilized for the hydrolysis of cellulose (Pothiraj et al., 2006). The market for 

industrial enzymes is rapidly growing at an annual rate of about 7.6% and was estimated to 

be 6 billion dollars by 2012 (Mathew, et.al. 2008). A majority of the world‘s total supply of 

industrial enzymes is produced in Europe, USA and Japan. Hydrolases top the list of 

industrial enzymes (75%), followed by carbohydrolases (Mathew, et.al. 2008). 

Keeping in view the wide applications of the polysaccharase enzymes and the continuing 

search for better commercially viable enzymes of superior properties, thraustochytrids as a 

source of these enzymes appears to be a promising area for investigations. 
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1.1Cellulose as a biopolymer 

1.1.1 Structural features 

Cellulose is a linear monopolysaccharide of anhydroglucose residues connected by β-1,4 

linkages. Anhydrocellobiose is the smallest structural subunit owing to the tilting of each 

residue by 180° with respect to its neighbours (Voutilainen, 2011). 

Natural cellulosic materials comprise of two distinct sections, namely microfibrillar 

(predominant material) and matrix components differing in the types of sugar units and 

residue bond linkages (Zvidzai, 1995). The long, thin and microfibril like structures are 

linked by β(1, 4)-linked glucose units to form a linear homopolymer of D-glucopyranosyl 

residues (Zvidzai, 1995).  . There could be 15 to 15,000 such residues per native cellulose 

molecule (Morohoshi, 1991). In natural cellulose, the microfibril of β-(1,4)-glycosides 

linked polysaccharides are reinforced or impregnated with plasticing matrix resin of 

heteropolymers.  

The chain of sugar units in cellulose are arranged parallely to form layers. These sheets/ 

layers are stabilised by inter- and intra- molecular hydrogen bonds, van der Waals 

interactions and/or weak C-H···O hydrogen bonding (Nishiyama et.al., 2002; Nishiyama et 

al., 2003). Such an arrangement in cellulose is responsible for  its inflexibility and higher 

tensile strength. These layers are often stacked on top of each other to form a 3D crystal 

lattice. The cellulose microfibril in plant cell walls is composed of 36 cellulose chains in a 

total of six sheets only, with the inner chains being crystalline in nature and the outer chains 

non-crystalline. The rate impacting characteristics of cellulose structure in enzymatic 

hydrolysis are crystallinity index, degree of polymerization and accessible area. 

Cellulose exists in different forms such as cellulose I, II, III and IV.  Cellulose I and II 

forms were the products that were obtained by Millet and Baker (1975) after reacting 
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cellulose with 20 % (w/v) sodium hydroxide to macerate the cellulose polymer (Han & 

Callihan, 1974).The existence of possible parallel and antiparallel configurations of the 

cellulose chains, however, have given rise to the present designations viz., cellulose I, II, III 

and IV. Susceptibility to enzymatic hydrolysis is found to be dependent on the differences 

in the crystalline organization.  

Native crystalline cellulose, (Cellulose I) can exist in two different crystalline forms: 

cellulose Iα which is more prominent in celluloses of algal and bacterial origin and 

cellulose Iβ (prominent in higher plants) (Voutilainen, 2011). Out of the two allomorphs, Iα 

being less stable is convertible into Iβ using hydrothermal methods (Sugiyama et al., 1990). 

There are more C-H···O inter-sheet bonds in Iβ than in Iα. Of the other celluloses, cellulose 

II is the more thermodynamically stable owing to its altered hydrogen bonding 

(Voutilainen, 2011). The other forms of cellulose are produced from cellulose I and do not 

exist in nature (Voutilainen, 2011; Klemm et al., 2005). 

Heterogeneous polymers varying in bond linkages and number of the sugar residues make 

up the matrix. The matrix components of native cellulose are composed of hemicellulose, 

lignin, pectin, protein and phenolic compounds, the compositions of which vary according 

to the species, cells and stage of cell development (Roder, et al., 2006).  These non-glucan 

components make the hydrolysis of lignocellulosic material more difficult than for pure 

cellulose (Zhang and Lynd, 2004). 

Hemicellulose is a heteropolymer of sugars such as glucose, mannose, galactose, xylose, 

arabinose, rhamnose, glucuronic acid, methyl glucuronic acid and galacturonic acid 

(Dekker & Richards, 1976). The variation in the sugar compositions gives rise to softwood 

or hardwood hemicelluloses. 
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Lignin and hemicellulose are linked together by ester, ether and glycosidic chemical bonds 

(Eriksson and Goring, 1980). The linkage between the two heteropolymers have been found 

to be resistant to hydrolysis by enzymes and chemical agents (Polcin and Bezuch, 1977). 

1.1.2 Applications 

Various forms of derivatives of cellulose have been used for producing plastics, textiles, 

packaging materials, lacquers, pharmaceuticals and in the food industry. They have been 

used as stabilizers or thickening agents to improve on the viscosity of food, pastes, 

ointments and creams, emulsifiers or pigments and as suspending and dispersing agents in 

paint and oil industry, besides being used for making cotton thread and fibres or being used 

by researchers as substrates in the form of filter paper, Avicel, Sigmacel, Solfafloc, 

cellulose azure or as sodium salts of CMC and HEC to study the enzymatic properties of 

microbial cellulases. 

Cellulose derivatives with hydrophilic character and high porosity are used for 

chromatographic studies and those such as cellulose acetate, cellulose propionate and 

cellulose acetate butyrate are used as membrane supports that can covalently immobilize 

enzymes (Murtinho et al., 1998). 

1.1.3 METHODS OF HYDROLYSING (DEGRADING) CELLULOSE 

Several methods such as physical, mechanical, chemical and enzymatic are employed for 

hydrolysing cellulose or to make it more susceptible to degradation. 

The physical and chemical methods are mainly employed for pre-treatment of the 

lignocellulosic materials. Such methods help in the removal of lignin which would 

otherwise make the degradation of cellulose more difficult. 

a) Physical and mechanical methods of hydrolysing cellulose 
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Grinding 

Being incorporated at the preliminary phases of cellulose treatment, the method increases 

the accessibility of the substrate by hydrolytic enzymes. Methods such as vibrator balling, 

roll and hammer milling are used to make saw dust from wood. Compression milling / 

pressing and drying of cellulose have been found to increase  moisture content retention, 

thereby making it suitable for enzymatic and bacterial hydrolysis (Ryu and Mandels, 1980; 

Haggkvist and Odberg, 1998). 

Irradiation 

Gamma ray irradiation or photodegradation  using photosensitizers (sodium nitrite) affects 

the crystal structure of cellulose and increases the water permeability of wood, stepping up 

the chances of hydrolysis by enzymatic methods (Smith and Mixer, 1959; Curling and 

Winandy, 2008; Rogers et al., 1972). 

Use of high and low temperatures 

Rapid drop in temperature to –75°C affects the degree of polymerisation of cellulose. 

Repeated freezing and thawing and such other methods weaken the intra- and inter-

molecular hydrogen bonds and augment the degradation process (Millet & Baker, 1975; 

McMillan, 1994). 

b) Chemical methods of hydrolysing cellulose 

Alkali and acid hydrolysis 

Sodium hydroxide as well as sulphuric, hydrochloric and phosphoric acids help in the 

decrytallization of cellulose for easy hydrolysis by microorganims (Mandels et al., 1976; 

McMillan, 1994). Pre-treatment with sodium hydroxide has been shown to increase the 

digestibility of sugarcane bagasse by 40% with Cellulomonas bacteria (Han and Callihan, 
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1974), 80 % with T. viridie and 90 % with a mixed culture of Aspergillus and Trichoderma 

strains (Manonmani and Sreekantiah, 1987). Alkali treatment also helps in the conversion 

of crystalline cellulose form I to cellulose form II (Rahkamo et al., 1998). 

Organosolv hydrolysis  

The method involves the pre-treatment of cellulose with an aqueous solvent in the presence 

of a catalyst. Solvents such as alcohols, glycerol, dioxane, phenol and ethylene glycol in the 

presence of catalysts like FeCl3 or Al2(SO4)3 are used (Holtzapple  and Humphrey, 1984). 

Hydrogen peroxide and ozone can be used to solubilise lignin and hemicellulose.  

Ammonia treatment  

Aqueous or gaseous ammonia has also been used at 130°C as a pre-treatment step to 

increase porosity of the cellulosic material. This method has been used to treat 

ligninocellulosic materials fed to ruminants (Holtzapple et al., 1991; McMillan, 1994). 

Ammonia pre-treatment has been reported to be more effective on agricultural materials 

than with woody materials (Dunning and Lathrop, 1945; Mandels et al., 1976; McMillan, 

1994).  

Pulping agents 

Delignification is sometimes achieved by the use of pulping agents such as sodium 

hypochlorite or ammonium bisulphate (Royer and Nakas, 1987). 

Use of steam 

The treatment involves the use of steam under high pressure followed by swift reduction in 

pressure which subjects the cellulosic material to explosion decomposition (McMillan, 

1994). Steaming also causes partial hydrolysis through deacetylation of its pectin and 
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hemicellulose components, producing an acidic cellulosic mixture which could be used to 

advantage for hydrolysis by acidic enzymes (Millet and Baker, 1975). 

c) Enzymatic hydrolysis of cellulose  

The action of cellulases on cellulose results in the formation of glucose, cellobiose and 

different length sized oligosaccharide. However, due to the complexity of the structure a 

single cellulase enzyme is not sufficient for complete hydrolysis of the cellulose to produce 

glucose. Effective hydrolysis of cellulose therefore needs the synergistic action of at least 

three different cellulase enzyme activities. Other enzymes needed for complete hydrolysis 

of native cellulose have been said to be endo- and exo-β-1,4-xylanases, hemicellulases and 

lichenases, β-(1,3)(1,4) glucanases, pectin methyl esterases, polygalacturonases and poly-α-

1,4-D-galacturonide lyase (Shallom and Shahom, 2003). 

1.2 CELLULASES 

1.2.1 Classification of Cellulases 

According to the guidelines of the International Union of Biochemistry and Molecular 

Biology, cellulases are grouped as O-glycoside hydrolases (EC.3.2.1.x) which, together 

with other polysaccharide-degrading enzymes involved in the hydrolysis of glycosidic bond 

between carbohydrates or that between a carbohydrate and a non-carbohydrate. An 

alternative mode of classification of enzymes into families is based on similarities in amino 

acid sequences which help resolve contradictions about the substrate specificity for 

multifunctional enzymes. Classification of enzymes into families explains divergent 

evolution of the basic fold of the active site to accommodate different substrates while at 

the same time supporting the concept of convergent evolution of different folds of the 

active site to accommodate the same substrate. Thus cellulases occur in several families: 5, 

6, 7, 8, 9, 10, 12, 44, 45, 48, 61 and 74 (Ohmiya et.al., 1997). A newer nomenclature 
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proposes to designate the first three letters to the preferred substrate, the next digits for the 

glycoside hydrolase family, and a capital letter to follow, that would indicate the order in 

which the enzymes were first reported. According to this nomenclature, for instance, Cel 

7A, Cel 6A, Cel 16B refer to cellobiohydrolase I (CBH I), CBH II and endoglucanase I 

(EG l) of Trichoderma reesei.  

1.2.2 Types of Cellulases 

‗Cellulases‘ are a group of enzymes that function synergistically. The three enzyme 

activities needed for complete degradation of cellulose are endoglucanase or endo-1-4-β-

glucanase (EC 3.2.1.4), exoglucanases or exo-1-4-β-glucanase including cellobiohydrolase 

(EC 3.2.1.91) and β-glucosidase (EC 3.2.1.21). Endoglucanases, often called 

carboxymethylcellulases (CMCases) based on the artificial substrate invariably used for 

their detection, are thought to initiate attack randomly at multiple internal sites in the 

amorphous regions of the cellulose fibre, generating new ends and opening up sites for 

subsequent attack by the cellobiohydrolases (Lynd et al., 1991). Cellobiohydrolase, the 

most studied exoglucanase and the major component of the fungal cellulase system 

(accounting for 40–70% of the total cellulase proteins), can hydrolyze highly crystalline 

cellulose (Esterbauer et al., 1991). Cellobiohydrolases remove monomers and dimers from 

the end of the glucan chain. Exoglucanase are effective on microcrystalline cellulose. β- 

glucosidase hydrolyzes glucose dimers and in some cases cellulose oligosaccharides to 

glucose. Their activity on insoluble cellulose is negligible.  β- glucosidase acts on 

cellobiose which is an inhibitor of endoglucanase and CBH. Generally, the endoglucanases 

and cellobiohydrolases work synergistically in the hydrolysis of cellulose but the details of 

the mechanisms involved in the process are still unknown (Rabinovich et al., 2002). 

1.2.3 Synergism of cellulases 
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Synergism is said to occur when the activity exhibited by mixtures of components is greater 

than the sum of the activity of these components evaluated separately (Jalak et.al., 2012; 

Walker and Wilson, 1991; Wood and McCrae, 1979; Wood and Garcia-Campayo, 1990; 

Woodward, 1991). Quantitative representation of the extent of synergism can be expressed 

as ‗‗degree of synergism‘‘, which is equal to the ratio of the activity exhibited by mixtures 

of components divided by the sum of the activities of separate components (Bhat, 2000). 

The several types of synergism which have been proposed to date as concisely summarised  

by  Zhang and  Lynd (2004) are: (i)  endoglucanase and  exoglucanase;  

(ii) exoglucanase and exoglucanase (Tomme et. al., 1988; Wood and McCrae, 1979; Wood 

and Garcia-Campayo, 1990); (iii) endoglucanase and endoglucanase (Mansfield et. al., 

1998; Walker et. al., 1992); iv) exoglucanase or endoglucanase and β-glucosidase, which 

reduces inhibition; (v) intramolecular synergy between catalytic domain and carbohydrate-

binding module (CBM) or two catalytic domains (Zverlov et al., 1998); vii) cellulose-

enzyme-microbe (CEM) synergism (Lynd et. al., 2002); and viii) a proximity synergism 

due to formation of cellulase complexes (Mandels, 1985).  

Not all synergies, however, are necessarily operative in any given situation. Cell-enzyme-

microbe synergism has been postulated for systems in which a metabolically active cell 

together with adhered cellulase binds to cellulose (Lynd et. al., 2002). 

Synergism between endoglucanases and exoglucanases is not only the most widely studied 

but also quantitatively important for hydrolysis of crystalline cellulose. The highest 

reported DS (degree of substitution) values are for bacterial cellulose (5–10) and cotton 

(3.9–7.6). Less pronounced but still significant synergism is exhibited for Avicel (DS 1.4–

4.9), while the smallest synergistic effects (DS 0.7–1.8) have been reported for phosphoric 

acid-swollen and other acid-treated amorphous celluloses (Bhat, 2000). 
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It has been reported that endo-exo synergy increases with an increase in enzyme loading 

below saturation but decreases with oversaturated enzyme loading (Woodward, 1991). In 

addition, such synergy is reported to be greater under conditions chosen to minimize 

inhibition by soluble hydrolysis products in some (Srisodsuk et. al., 1998) but not all 

(Eriksson et. al., 2002; Medve et. al., 1998) studies. 

1.2.4 Mechanism of hydrolysis 

The mechanism of hydrolysis of glycosidic bonds by cellulases as is for glycoside 

hydrolases proceeds through general acid base catalysis involving two catalytic residues - a 

general acid (proton donor) and a nucleophile/base (Voutilainen, 2011). Based on the 

stereochemistry of the catalytic residues involved, the hydrolysis can occur via the 

inversion or the retention of the (substituent) configuration of the anomeric centre. 

Catalysis by ‗retaining‘ cellulases occurs via a double displacement mechanism whereas 

‗inverting‘ cellulases use single displacement mechanism (Voutilainen, 2011). 

 

1.2.5 Location of Cellulases 

Cellulases have been reported either as an intracellular component, cell-bound or secreted 

extracellularly, depending on the strategy adopted by different organisms to degrade 

cellulose. While aerobic microorganisms have been found to release substantial amount of 

extracellular cellulolytic enzymes recoverable in the culture supernatant; most anaerobic 

microorganisms have been found to have cell-bound cellulases (Louime, et.al., 2006). In 

Cytophaga species WTHC 2421 (ATCC 29474), cellulases were found in the soluble 

portion of the cell, primarily the periplasm and the cytoplasm (Chang and Thayer, 1977). In 

some cases, the proportion of cellulolytic enzymes (cell-bound and cell-free) has been 

found to change in the same organism depending on the carbon source provided in the 

growth medium, as is the case with P. fluorescens (Adewoye and Worobec, 2000). 
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1.2.6 Measurement and Detection 

The variable structural complexity of pure cellulose and the difficulty of working with 

insoluble substrates have led to the wide use of the highly soluble celluloses, ethers and 

carboxymethylcellulose (CMC) as  substrates for studies on endoglucanase production 

(Lynd et al., 2002). Enzymes such as CMCase which attack degraded cellulose may be 

measured in terms of CMC-liquefying activity or CMC-saccharifying activity (Louime, et 

al., 2006). Emert et. al. (1974) proposed that the former was only exhibiting the activity of 

endo-ß-1,4-glucanase and the latter the activity of exo-β-1,4-glucanase. Cellulases could 

occur in the form of components of different specificities, often difficult to separate ( 

Shepherd, 1981). Moreover, assays with cellulose as a substrate cannot be obtained with 

high sensitivity.  A ‗soluble‘ alternative to this problem is achieved by the development and 

use of CMC as the substrate which is readily degraded by endoglucanase. CMC has been 

used for quantitative estimations or been incorporated in agarose or polyacrylamide gels for 

in situ detection of the enzyme activity. 

Due to the diverse range of specificities of β-glucosidases, a variety of substrates have been 

used for detecting and quantifying this enzymatic activity. Cleavage of β-D-

glucopyranosides (such as salicin, octylβ- glucoside or helicin) or disaccharides (such as 

cellobiose or amygdalin) by β-glucosidases is generally quantified by detection of the 

generated glucose using the glucose oxidase/peroxidase method (Ferreira & Terra, 1983; 

Marana et al., 1995; Marana et al., 2000; Yapi et al., 2009). The hydrolysis of p-

nitrophenol from glycoside derivatives (NP β-glycosides) such as glucoside (NP βGlu) 

(Terra et al., 1979; Chipoulet & Chararas, 1985a; Marana et al., 2000; Ferreira et al., 2001; 

Marana et al., 2004; Yapi et al., 2009), or methyl-umbelliferyl (MU) fluorescence after 

hydrolysis of MU glycosides such as 4-methyl-umbelliferyl β-D-glucoside (MUG) (Marana 

et al., 2001) are also favoured methods. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Shepherd%20MG%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shepherd%20MG%5Bauth%5D
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1.2.7 Industrial Application of Cellulases 

Microbial cellulases and their potential industrial applications have been reviewed by 

several workers in detail, particularly by Kuhad et .al. (2011). Biotechnological use of 

cellulases and hemicellulases began in the early 1980s, first in animal feed, followed by 

food applications (Chesson, 1987; Thomke et al., 1980; Voragen, 1992; Voragen et al., 

1980, 1986; Bhat, 2000). Subsequently, these enzymes have been used in the textile, 

laundry and the pulp and paper industries (Kuhad et al. 2011; Godfrey 1996; Wong and 

Saddler, 1992, 1993). 

a) Paper and pulp industry 

Enzymatic pulping of paper (biopulping) with the use of cellulases and allied enzymes has 

been found to be advantageous over mechanical pulping, especially with regard to power 

saving (Karmakar and Ray, 2011). 

Cellulases and hemicellulases are used for de-inking of waste papers that renders improved 

papermaking qualities to recycled fibres (Karmakar and Ray, 2011). The advantages of 

enzymatic deinking has been reported as enhanced fiber brightness and strength, higher 

pulp cleanliness, reduced fine particles in the pulp and reduced alkali usage, minimizing 

environmental pollution (Kuhad et al., 2010).  Enzymatic deinking at acidic pH has been 

reported to prevent alkaline yellowing and also change the ink particle size distribution. 

Enzyme treatments preferentially attack and remove the fines on the surface of the fiber and  

the dissolved / colloidal substances , improving the drainage property of the pulp in paper 

mills. Among the other applications in paper industry is the use of these enzymes in the 

preparation of biodegradable cardboard and soft paper (paper towels and sanitary paper) 

(Salonen, 1990; Hsu and Lakhani, 2002). 

b) Cellulase in textile industry 
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The popularity of denim garments has never once faded in the fashion industry. The much 

preferred wash-down or aged effect of denim fabric is traditionally achieved by 

stonewashing of the fabric. Traditional stonewashing of jeans is carried out by desizing 

(removal of starch coating) and abrasion using pumice stones in large washing machines 

(Kuhad et. al., 2010). The use of cellulases in biostoning of the denim fabric pertains to the 

removal of the indigo dye by acting on the exterior short cotton fibres and breaking off the 

small fiber ends on the yarn surface to which was attached the dye. The loosened dye is 

then easily removed by mechanical abrasion. The advantages of using cellulase in the 

treatment of denim fabric arise primarily owing to the replacement of pumice stone in the 

wash cycle. This results in  reducing damage to fibers and machines, making the whole 

process  less work-intensive and more environment friendly ( Kuhad et. al., 2010; 

Sukumaran et al., 2005; Singh et al., 2007; Uhig et al., 1998; Galante et al., 1998). 

Stonewashing cellulases are usually available as acidic cellulases (optimal activity at pH 

4.5) or neutral cellulases (optimal activity just below pH 7) (Karmakar and Ray, 2011). 

Cellulases have also been successfully used for biopolishing of cotton and other cellulosic 

fabrics. The occurrence of partially detached microfibrils on the surface of the fabric after 

repeated washing lends cotton garments a dull look. Cellulases act on  these microfibrils 

reducing surface fuzziness enhancing the color brightness of the garment along with a 

smoother and glossy appearance (Kuhad et. al.,2010). Enzyme concentration, treatment 

time and the use of different cellulase components determine the end results of cellulose 

degradation on the fabric. It has been reported that cellulase preparations rich in 

endoglucanases are the best choice for biopolishing (Galante et al., 1998). The use of 

cellulases at acidic pH have been said to result in increased softness and water absorbance 

property of fibres, besides decreasing the tendency for pilling (Sreenath et al., 1996).  

c) Bioethanol Industry 
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Production of ethanol by fermentation of sucrose from the starch of food crops, referred to 

as first generation biofuels, although a well established technology, has been argued to be 

detrimental to the economy and food security of developing countries.  In India, food 

security being a major concern and with crude oil (as much as 70%) being an imported 

commodity, there is an increasing interest to look into second generation biofuels 

(generated from lignocellulosic sources). Cheap / partially utilized and non- crop 

lignocellulosic materials such as sugarcane bagasse, corn cob, rice straw, energy crops, saw 

dust and forest residues are being currently looked upon as sources for enzymatic 

production of fermentable sugars which could be converted to ethanol (Sukumaran et al., 

2005; Kuhad et al., 2010; Gupta et al., 2011). The technology, however, faces many 

challenges including factors such as the recalcitrant nature of the substrate, end product 

inhibition, thermal deactivation of the enzymes, nonspecific binding to lignin and 

irreversible adsorption of the enzymes to the heterogeneous substrate that decreases the 

efficiency of cellulases (Kuhad, et.al., 2010, Voutilainen, 2011). Enzyme recovery is made 

possible by concentration of the cellulase fraction by ultrafiltration to remove inhibitory 

sugars (Tu et al., 2007) and recycling of immobilized enzymes (Mosier et al., 2007; 

Dourado et al., 2002). Optimization of cellulase production and increasing the efficiency of 

cellulase-based catalysis system by protein engineering or enzyme discovery or by 

optimising the enzyme mixtures are ways to bring down the cost of the enzyme in biofuel 

industry. Industrially important strains of Trichoderma reesei are currently in use as a 

source of cellulase enzymes for biofuel production  (Voutilainen, 2011). 

 

d) Fruit juice extraction and clarification 

Extraction, clarification, and stabilization are the key steps in fruit and vegetable juice 

industry that determine the quality of the final product. Cellulases form an important part of 

the macerating enzymes complex (with xylanases and pectinases) used during extraction 



27 
 

and clarification processes and help in increasing the yield of juices (Minusi et al., 2002; 

Carvalho et al., 2008). These enzymes result in improved cloud stability & texture as well 

as decrease viscosity of the purees, particularly in tropical fruits, by removal of pectins and 

other polysaccharides (Kuhad  et. al., 2010; Sukumaran et al., 2005; Singh et al., 2007; 

Bhat, 2007; Carvalho et al., 2008; Grassin and Fauquembergue, 1996). Use of enzymes 

such as pectinases and β-glucosidases reduces bitterness of citrus fruits thereby improving 

the texture, flavour and aroma of the juice  (Kuhad  et. al., 2010; Baker and Wicker, 1996; 

Rai et al., 2007; Humpf and Schreier, 1991; Marlatt et al., 1992). Cellulases and 

hemicellulases, together with pectinases, have also been used for extraction of olive oil 

(Grassin and Fauquembergue, 1996).  

 

e) Animal Feed Industry 

Cellulases or xylanases when used in the pretreatment step have been found to improve the 

nutritional value of agricultural silage and grain feed (Godfrey and West, 1996). β-

glucanases and xylanases have been used in the feed of monogastric animals to improve 

digestion and absorption by aiding in the hydrolysis of major non-starch polysaccharides 

such as β-glucans and arabinoxylans found in endosperm cell walls (Kuhad et. al., 2010). 

These enzymes reduce viscosity of high fibre rye- and barley- based feeds in poultry and 

pig, leading to weight gain in poultry (Ali et al., 1995). Cellulases can be used to improve 

silage production for cattle feeding, by enhancing the digestibility of grasses (Kuhad et. al., 

2010). Thermophilic cellulase can also be used concurrently with heat treatment to reduce 

pathogens and enhance digestibility and nutrition of the feed in a single step (Pazarlioglu et 

al., 2005; Pascual et al., 2001). 

f) Cellulases in the detergent industry 

Although the use of cellulases in the laundry industry is a more recent venture, they have 

rapidly gained popularity as additives in household washing powders because of their 
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ability to remove small, fuzzy fibrils from fabric surfaces and improve the appearance and 

colour brightness (Bhat, 2000). The removal of partially detached microfibrils from the 

surface of the fabric results in lending the garment a smoother and softer surface besides 

removing dirt by loosening it from the fabric surface. A commercial cellulase preparation 

from H. insolens, active under mild alkaline conditions (pH 8.5 – 9.0) and at temperatures 

over 50
0
C is currently being used in detergents for this purpose (Uhlig, 1998; Bhat, 2000). 

Although the amount of cellulase added represents approximately 0.4% of the total 

detergent cost, it is considered rather expensive and hence alternative cellulase preparations 

are required to be attractive to the worldwide laundry market. (Bhat, 2000). 

 

g) Agriculture Industry 

In agriculture industries, the ability of cellulases and related enzymes in degrading the cell 

wall of plant pathogens can be used in controlling plant disease. Several reports indicate the 

effectiveness of these enzymes against specific plant pathogens. For example, β-1,3-

glucanase and N-acetyl-glucosaminidase from Trichoderma harzianum strain P1 has been 

found to  inhibit germination of spores and germ tube elongation of B. cinerea (Lorito et 

al., 1994). The β-1,3-glucanase from T. Harzianum CECT 2413 has also been reported to 

induce swelling of the hyphal tip , leakage of cytoplasm and the formation of numerous 

septae, besides inhibiting the growth of R. Solani and Fusarium sp. (Benitez et al., 1998) by 

hydrolysing filamentous fungal cell walls. It is therefore possible that a combination of 

fungal strains producing such enzymes could be successfully applied as bio-control agents.  

Many cellulolytic fungi (Trichoderma sp., Geocladium sp., Chaetomium sp. and 

Penicillium sp.) are also known to facilitate seed germination, plant growth and  magnify 

crop yields ( Kuhad et. al., 2010;Bailey and Lumsden, 1998; Harman and Bjorkman, 1998; 

Harman and Kubicek, 1998).  
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Cellulases have also been used for soil quality improvement. Traditional methods of 

improving soil quality involve incorporation of straw such that microbial degradation of the 

straw would result in increasing soil fertility. 

 

h) Application of cellulases in research and development 

 

i. Production of plant and fungal protoplasts 

 Cellulase in varying concentrations and combination with other polysaccharases can be 

used for the production of plant and fungal protoplasts which can be fused to produce either 

hybrid or mutant strains with desired characteristics (Bhat, 2000). 

 

ii. Expression of heterologous proteins  

 Cellulase gene promoter from mutant strains of T. Reesei has been used in the expression 

of heterologous proteins and enzymes for production of high levels of proteins, enzymes 

and antibodies (Penttila,1998).  

Calf chymosin, which was the first heterologous protein expressed in T. reesei and 

Aspergillus (Harkki et al., 1989; Ward et al., 1990), was also the first mammalian protein 

produced at the commercial level and used in the production of vegetarian cheese ( Bhat, 

2000; Dunn-Coleman et al., 1991). 

Other heterologous proteins also been expressed using the promoter (Bhat, 2000) are:  (1) 

lignin peroxidase and laccase from Phlebia radiata (Saloheimo et al., 1989);        (2) 

glucoamylase P from Hormoconis resinae; (3) phytase and acid phosphatise from 

Aspergillus niger (4) endochitinase from Trichoderma harzianum (5) antibody Fab 

fragments and single chain antibodies from murine surface antigens (6) interleukin-6 of 

mammalian origin  (7) human  lysozyme (Penttila, 1998). 
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iii. Development of CBD-based affinity tag  

CBD of cellulases and cellulosomes, dockerins, cohesins and linkers of cellulosome  are 

used as affinity tags, affinity systems, in conjugation and in gene fusion for affinity 

purification, immobilization and fusion of proteins, enzymes and antibodies or production 

of hybrid molecules for various applications (Bhat, 2000). 

 

 

Owing to the relatively fewer number of researchers working on enzymes from 

thraustochytrids, there happens to be limited literature on such studies.  

 

Keeping in view the scarcity of reports on characterization of cellulases from 

thraustochytrids the present study was initiated with the following primary objectives, 

although concomitant with the progress of the work, introduction of additional lines of 

study was found necessary. 

 

 Isolation of Thraustochytrids from the mangrove and other coastal habitats. 

 Screening of the isolates for polysaccharide-degrading activity (primarily cellulolytic and 

xylanolytic). 

 Optimization of culture conditions for maximal production of these enzymes. 

 Identification of one cellulase / xylanase exhibiting superior properties in terms of 

applications in biotechnology. 

 Purification and characterization of the enzyme identified as above. 
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Chapter 2 

Isolation of thraustochytrids and 
screening for specific polysaccharide- 

degrading enzymes 

  



32 
 

Researchers have employed various techniques to screen thraustochytrids for hydrolytic 

enzyme activity in a bid to explain their ecological niches and importance. Organized and 

purposeful studies to discover the many different polysaccharide-degrading activities have, 

however, hardly been launched to date. 

While the pine pollen baiting technique has been used for successful isolation of 

thraustochytrids, some workers have used the more unsuspecting method of direct plating 

and not without much success either. Most of the isolation procedures have been carried 

out using Modified Vishniac‘s medium but the use of simpler media like GYP (glucose-

yeast extract-peptone) has also been reported on more than one occasion. 

This Chapter discusses the isolation of thraustochytrids and illustrates the multiple 

polysaccharide-degrading activities of the different isolates of thraustochytrids during a 

preliminary screening using qualitative as well as quantitative methods.  

2.1 MATERIALS AND METHODS 

All chemicals were of analytical grade and glass double distilled water was used 

throughout.  In all the experiments, the measurements were carried out in triplicates and 

each data set presented is representative of at least three independent experiments. 

2.2.1 Sample collection  

 

Samples were collected during low tide from along 5 beaches viz. Anjuna, Vagator, 

Bambolim, Dona Paula, Pallolem and 8 mangrove ecosystems at Marcela, Chorao, Divar, 

Kamurli, Cumbharjua, Banastarim, Cortalim and Ribandar of Goa, India (Fig. 2.1). The 

mangrove forests are distributed along the estuaries of the river Mandovi and Zuari. 

Decaying mangrove leaf, sediment and water samples from these coastal and mangrove 

habitats were collected in sterile glass vials and kept under refrigerated conditions until  
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Fig 2.1 Location of sampling sites on the map of Goa 

(base map, courtesy: www.mapsofindia.com) 
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further work. Physico-chemical parameters of the environment such as pH and salinity 

were recorded each time. 

 

2.1.2 Isolation of thraustochytrids 

Isolation of thraustochytrids was carried out by the pine pollen baiting method as described 

by Raghukumar (2002). This involved inoculating the samples into vials containing sterile 

sea water supplemented with antibiotics (streptomycin and penicillin) followed by dusting 

with small amounts of pine pollen and incubation at room temperature. After 3- 5 days, the 

vials were examined under an inverted microscope and samples found to harbor 

thraustochytrids were streaked onto Modified Vishniac‘s (M.V.) agar medium plates 

(Appendix I). Ensuing colonies of thraustochytrids were purified by repeated transfer on 

plates of the same medium.  

The axenic cultures thus obtained were stored at -80°C as glycerol stocks with 15% 

glycerol and used for routine subculturing. 

 

2.1.3 Preparation of Crude enzyme 

 

In the first instance, the isolates were grown on MV medium (0.4% glucose, 0.15% 

peptone and 0.1% yeast extract with 3.4 % salt ) by incubating at room temperature (RT) 

with constant shaking at 150 rpm for 5 days. The culture broth was centrifuged at 4 
o
C and 

10,000 rpm for 15 min. The supernatant obtained was used for preliminary screening of all 

the isolates for their polysaccharide-degrading potential. 
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2.1.4 Screening for different polysaccharide-degrading activities 

 

Screening was carried out by qualitative (agar plate) assays in order to check for the presence 

of eight polysaccharide-degrading activities viz., those of xylanases, cellulases, amylases, 

pectinases, carrageenases, chitinases, alginate lyase and agarases. The cultures were spot 

inoculated onto the prepared assay plates containing 0.5% of the respective substrate and 

flooded with a suitable dye after 5 days of incubation at 28°C.  A zone of clearance/ halo 

formation around the spotted culture indicated the production of the respective enzyme.  

For the detection of cellulases, xylanases and chitinases, the plates were flooded with Congo 

Red dye (0.1%) for 30 min followed by washing twice with 1M NaCl for 15 min each 

(Mountenecourt et.al., 1977). Agarase and amylase activities were detected by flooding the 

assay plates with Lugol‘s iodine (Stanier 1942). Cetyl pyridinium chloride (0.5% w/v) was 

used for the detection of carrageenase (Kobayashi et. al. 2008). Pectinase activity was 

detected by flooding the plates with conc. HCl for 5 min while alginate lyase activity was 

visualized by the use of 0.5M H2SO4. 

 

2.1.5 Quantification of enzyme activities 

 

The isolates were grown for 5 days in M.V. broth medium and centrifuged at 10,000 x g for 

15 min at 4°C. The cell-free supernatant obtained thus was termed ‗culture supernatant‘ (CS) 

and used as a source of crude enzyme for all the enzymatic studies unless mentioned 

otherwise. 

Quantitation of agarase, cellulase, xylanase (Ghose 1987, Miller 1959) and pectinase (Da 

Silva EG, Borges MF, et.al. 2005) activities was carried out at 50°C and pH 7. One 
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unit of agarase/ cellulase/ xylanase/ pectinase activity was defined as the amount of 

enzyme that released 1µmole of D-galactose (for agarase)/ glucose (for cellulase)/ xylose 

(for xylanase)/ D-galacturonic acid (for pectinase) equivalents per min. 

 

Protein estimation 

Protein estimation of the enzyme preparations was carried out by the method of Lowry et 

al. (1951) basing bovine serum albumin as the standard 

 

2.1.6 Effect of Glucose on enzyme production 

The requirement of glucose in the growth medium for eliciting different polysaccharide -

degrading activities was ascertained by spot inoculating the culture on the substrate-

containing agar plates with/ without 0.4% glucose. The presence or absence of a zone of 

clearance was used as a determinant of the respective enzyme activities. The culture 

supernatants obtained after growing the isolates in M.V. broth medium with or without 

0.4% glucose were used for quantitative estimation of cellulase and xylanase activities. 

2.1.7  Induction by substrate 

All of the 8 different polysaccharide-degrading activities were evaluated after growing the 

isolates in the presence or absence of the respective polysaccharide substrate (0.5%) in 

M.V. medium. The enzyme activities in the culture supernatants were monitored by the 

agar cup diffusion plate assay at 37°C and pH 7. 

Quantitation of cellulase and xylanase activities was also carried using the culture 

supernatant obtained after growing the isolate in the presence or absence of 0.5% substrate 

viz., CMC and oat spelts xylan, respectively. 
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2.1.8 Characterization of isolate DS1 (later renamed TLU8) 

 

A. Semi-quantitative API-ZYM test for different enzymes 

Semi-quantitative API-ZYM system (Biomérieux) test was carried out to determine the 

presence / absence of 19 enzymes according to the method referred to by Bongiorni 

(2005). Small sub-aliquots (50 μl), corresponding to a cell density varying between 2.0 and 

4.0 × 10
5
 cells ml

–1
, were inoculated in the API-ZYM strip wells and then incubated 

overnight. The color changes and the intensity of the color developed was marked on a 

scale of 0-5 with the most intense color given the number 5. 

 

B.KB009 kit sugar utilization test   

The isolate was inoculated into KB009 kit (Hi-media). The kit was inoculated at room 

temperature for the culture to grow and the assimilation of the different carbon sources was 

determined. 

 

C. DNA isolation Method 

DNA Isolation of thraustochytrids has been successfully described by Mo et.al. (2001) The 

quality of  the isolated DNA  was evaluated on 1.2% agarose gel.. 

 

D. 18S rRNA identification 

Identification of the isolate was done using D1/D2 region of LSU based molecular 

technique at Xcelris, India.  Forward and reverse DNA sequencing reaction of PCR 

amplicon of the D1/D2 region of LSU gene  was carried out with DF and DR primers using 

BDT v3.1 Cycle sequencing kit on ABI 3730xl Genetic Analyzer to generate a consensus 

sequence of 409 bp using aligner software.  The D1/D2 region of LSU (Large  
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subunit 28S rDNA) gene sequence was used to carry out BLAST with the nr database of 

NCBI genbank database. Based on maximum identity score, first ten sequences were 

selected and the phylogenetic tree was constructed using MEGA 4. 

 

 E: Metal ion sensitivity of the isolate  

Metal ion sensitivity of the thraustochytrids was determined by growing the culture in the 

presence of various concentrations of the metal solutions. Sterile filter paper discs loaded 

with the respective metal solutions were used to check the inhibition on the growth of 

thraustochytrids which were spread plated on MV agar plate at the same time. 

 

2.3 RESULTS AND DISCUSSION 

2.3.1 Isolation and screening of thraustochytrids  

Ten isolates were obtained from the coastline of Goa whereas 22 were isolated from 

mangrove ecosystems. Five isolates were obtained as associated with the seaweeds Hypnea 

sp., Padina tetrastomatica or Chaetomorpha media. The salinity at the site of sample 

collection ranged from 5 to 35 psu. Salinity of the sampling sites and the source from which 

the isolates were obtained was as presented in Table 2.1.   

While a total of 32 thraustochytrid isolates were successfully obtained by the pine pollen 

baiting technique, the direct spotting technique did not lead to the isolation of any 

thraustochytrids. Fig 2.2 depicts one such representation of thraustochytrid cells growing 

on pine pollen. Fig 2.3 shows an isolate growing on MV-agar. 

 Among the 32 isolates, 19 tested positive for multiple polysaccharide-degrading activities 

as per the qualitative plate assays. Fourteen isolates were found to produce cellulase, 15 

produced agarase, 10 amylase and 8 xylanase (Table 2.1). One isolate (DS1) produced 

chitinase, carrageenase, pectinase and alginate lyase in small amounts, besides 
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Table 2.1.  Polysaccharide-degrading activities in the different isolates. 

Sr. 

No. 

N

o

. 

Isolate 
Location  

in Goa 

Source of     

the 

sample 

pH 
Salinity 

(psu) 

Polysaccharide- degrading activity 

(Extent of zone clearance) 

C
el

lu
la

se
 

A
g
ar

as
e 

X
y
la

n
as

e 

A
m

y
la

se
 

C
h
it

in
as

e 

C
ar

ra
g
ee

n
as

e 
A

lg
in

at
e ly
as

e 

P
ec

ti
n
as

e 

1.  RS1 Ribandar Sediment 8.0 10 + + + + - - - - 

2.  RL1 Ribandar Leaf 8.0 10 + + + - - - - - 

3.  AA3 Anjuna Algae 8.0 10 + - - - - - - - 

4.  VS1 Vagator Sediment 7.3 10 + - - - - - - - 

5.  NW Nerul Water 8.3 35 - + - + - - - - 

6.  SS Sao Pedro Sediment 6.7 5 - + - + - - - - 

7.  BS1 Banastarim Sediment 7.3 10 ++ ++ + + - - - - 

8.  BS2 Banastarim Sediment 7.3 10 - + - - - - - - 

9.  BS3 Banastarim Sediment 7.1 5 + ++ - + - - - - 

10.  BS5 Banastarim Sediment 7.3 10 + ++ - + - - - - 

11.  RW Ribandar Water 8.7 5 ++ ++ ++ + - - - - 

12.  CH1 Chorao Water 7.4 20 + +  - - - - - 

13.  CL1 Chorao Leaf 7.4 20 + ++ + - - - - - 

14.  CL2 Chorao Leaf 7.4 20 ++ ++ ++ + - - - - 

15.  CH2 Chorao Water 7.6 20 - + + + - - - - 

16.  DH2 Diwar Water 7.5 20 + - - - - - - - 

17.  DH1 Diwar Water 7.5 20 + + - + - - - - 

18.  DL1 Diwar Leaf 7.5 20 - - + - - - - - 

19.  DS1 Diwar Sediment 7.5 20 + + - - + + + + 

20.  RS2 Ribandar Sediment 8.0 10 - - - - - - - - 

21.  RS3 Ribandar Sediment 8.0 10 - - - - - - - - 

22.  RL2 Ribandar Leaf 8.0 10 - - - - - - - - 

23.  RL3 Ribandar Leaf 8.0 10 - - - - - - - - 

24.  DPW1 Dona Paula Water 7.9 17 - - - - - - - - 

25.  DPW2 Dona Paula Water 7.9 17 - - - - - - - - 

26.  AA1 Anjuna Algae 8.0 35 - - - - - - - - 

27.  AA2 Anjuna Algae 8.0 35 - - - - - - - - 

28.  VA1 Vagator Algae 7.3 35 - - - - - - - - 

29.  VA2 Vagator Algae 7.3 35 - - - - - - - - 

30.  MW Marcela Water 7.8 5 - - - - - - - - 

31.  BW Banastarim Water 7.9 12 - - - - - - - - 

32.  PW2 Palolem Water 7.3 35 - - - - - - - - 
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Fig 2.2.Thraustochytrids growing on pine pollen as seen under the compound 

microscope 

 

 

 

 

Fig 2.3 Thraustochytrid isolate growing on agar plate 
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A. Cellulase activity     B. Amylase activity 

        

 C. Carrageenase activity D. Chitinase activity 

        

                 

     E. Agarase activity    F. Alginate lyase activity  

Fig 2.4 Isolates showing different polysaccharide-degrading activities in plate assay  
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possessing cellulase and agarase activities. Representative qualitative assay plates for 

cellulase, amylase, carrageenase, chitinase, alginate lyase and agarase are depicted in Fig 

2.4. The ability of microorganisms to degrade polysaccharides such as cellulose is a 

characteristic of considerable interest both in terms of microbial ecology and from the 

viewpoint of industrial microbiology. Taoka et. al (2009) investigated extracellular 

enzyme production in different strains of thraustochytrids and reported amylase in three 

strains of the genus Thraustochytrium  while chitinase was found to be produced in small 

amounts in T. striatum. Sharma et. al. (1994) investigated the production of 6 

polysaccharide-degrading activities in thraustochytrids from Goa, India but failed to find 

any. Taoka et. al. (2009) used insoluble cellulose powder as a substrate in the plate assays 

and found no cellulase producers whereas Bremer et. al. (1995) used CM-cellulose in their 

study and reported thraustochytrids that produced cellulases. In our study also, no clear 

zone was obtained when cellulose powder was used in the plate assay.  

 

Table 2.2 provides a comparison of different types of polysaccharase activities from several 

thraustochytrid isolates. The reducing sugar estimation method, used as a measure of 

several of the polysaccharide-degrading activities, was carried out using the dinitrosalicylic 

acid reagent as per Miller (1959). Although the Nelson–Somogyi method (Nelson ,1944; 

Somogyi 1952)   is a more sensitive assay for determination of reducing sugars, it was not 

adopted since it gave several-fold lower activity and inconsistent results in the present 

reaction system. 
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Table 2.2.  Comparison of 4 polysaccharide-degrading activities from 12 isolates. 

Isolate 

Isolate as 

renamed 

Enzyme activity  ( U / ml) 

Xylanase Cellulase Pectinase Agarase 

RL1 TLU1 0.094 0.297 0.027 N.D 

RL3 TLU2 0.106 0.192 0.168 N.D 

RS1 TLU3 0.066 0.254 0.020 N.D 

MW TLU4 0.060 0.176 0.017 N.D 

BW TLU5 0.063 0.150 0.021 N.D 

VS1 TLU6 0.048 0.225 0.020 N.D 

AH2 AH2 0.077 0.298 0.025 0.018 

TZ TZ N.D. 0.316 0.039 N.D. 

AA3 TLU7 0.097 0.150 0.003 N.D. 

DPW2 TLU9 N.D. 0.236 0.028 N.D. 

NW TLU10 0.023 - 0.017 N.D. 

SS TLU11 - - 0.028 N.D 

 

*N.D : not detectable      
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2.3.2 Preliminary characterization of thraustochytrid isolates 

Out of the 32 isolates obtained, only a few were found amenable to subculturing. 

Preliminary standardizations of growth and assay conditions were carried out with the 

available isolates as detailed below. Isolate TZ was also chosen in particular for certain 

studies as it was an available stable culture earlier reported to have protease and lipase 

activities also, (Kanchana et. al., 2011) in addition to those acting on polysaccharides.   

A. Requirement of glucose in the growth medium 

Glucose is the preferred carbon source for growing thraustochytrids. Preliminary studies 

were therefore carried out to ascertain the need for glucose during growth as well as the 

optimum concentrations that would be required to realize maximum cellulase activity. 

 

When grown in medium containing varying concentrations of glucose, isolate TLU6 was 

found to have an obligate glucose requirement for endoglucanase production, as depicted in 

Fig 2.5. At concentrations of 0.2% and 0.3% glucose in the medium, activities of about 0.4 

and 0.56 U respectively, could be realized. 
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Fig 2.5 Growth curve of isolate TLU6 in different concentrations of glucose.  
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In a similar study carried out with the isolate TZ (Fig 2.6 ), it was found that the culture 

reached the end of exponential phase within 2-3 days at lower concentration of glucose 

(upto 0.2%), while higher concentrations (0.25-0.4%) tended to extend the lag phase. 

When endoglucanase production was determined for the same concentrations of glucose 

available for growth, it was found that the enzyme production reached optimum levels at 

the end of the log phase, after which it was almost stable for a period of two days before 

the activity dropped again (Fig 2.7).  

There thus appeared to be a requirement of glucose for growth and maximal enzyme 

production by the isolates. Medium lacking glucose could also sustain growth and produce 

endoglucanase, although not to optimal levels. 

B. Effect of the substrate CMC in the growth medium 

Cellulases in most microbial systems have been found to be inducible. It was hence 

considered important to study the effect of the substrate CMC on the growth and 

production of endoglucanase by the thraustochytrid isolates.  

It was found that the isolate TZ shot into its log phase of growth after 48 h, irrespective of 

the presence or absence of the substrate in the growth medium (Figs 2.8), although the 

presence of CMC did ultimately elicit a better growth response.   

Data on endoglucanase production by 12 isolates in the presence of glucose and/or CMC 

are presented in Table 2.3. The glucose requirement was obvious in most instances. 

Activity was inducible by CMC in 5 of the isolates while the others showed enhanced 

endoglucanase production in the absence of CMC (Devasia and Muraleedharan, 2012). 

Xylanase activities (Table 2.4) were noted to be higher in culture supernatants obtained 

after growing the isolates in the absence of substrate, suggesting the constitutive nature of 

the enzyme production in these cases.  
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Fig 2.6  Growth curve of isolate TZ at varying concentrations of glucose 

 

Fig 2.7 Endoglucanase production by isolate TZ  at varying concentrations of glucose 

 

Fig 2.8  Growth curve of isolate TZ in the presence of CMC 
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produced  one type of CMC can hydrolyse other types too. (Hankin, 1977). However, not all 

microbial systems are induced by the presence of CMC in the growth medium to produce 

endoglucanase. Purified enzyme obtained from Bacillus sp. AC-1 after growing in the presence 

of low viscosity CMC was not found to exhibit any  endo-, exo-, or β-glucosidase activity except 

for xylanase activity (Li et. al., 2006, Sales , 2011). Chrysosporium lucknowense produced an 

endoglucanase of 44 kDa when grown in the presence of medium viscosity CMC (Bukhtojarov 

et. al., 2004, Sales, 2011). 

In our study, polysaccharase activity was detected when some isolates were grown in the absence 

of the respective substrates (Tables 2.3 and 2.4). Cellulase as well as xylanase activities were 

noted to be higher in culture filtrates obtained after growing such isolates in the absence of 

substrate, suggesting the constitutive nature of the enzyme production in these cases. The 

presence of CMC, in fact, was found to be inhibiting the production of endoglucanase  as 

observed by the detection of much lower levels of the enzyme in the CS.  Interestingly, the 

cultures produced cellulase on agar plates when grown in the presence of 0.5% CM cellulose and 

in the absence of glucose (data not shown), contrary to the ―non-detectable‖ activity in broth 

culture. This may be attributed to the presence of multiple polysaccharide-degrading activities in 

many of the isolates, especially that of agarase, leading to the release of specific monosaccharides 

that would favor growth and enzyme production by the isolates. 

Faced with the fact that they do not occupy any special spatial niche in relation to bacteria, the 

strategy of production of a multitude of enzymes by thraustochytrids does seem to go well with 

the cause of scavenging for nutrients on substrates, especially after cessation of associated 

bacterial growth, as suggested by the previous laboratory based reports of Raghukumar and 

Damare, (2011). 

Table 2.3.  Cellulolytic activity (U/mg protein) of isolates grown in the presence / 

absence of substrate and glucose. 

 



49 
 

Sr. no. Isolate 
Isolate as 

renamed 

- Glucose + Glucose 

0% CMC 0.5% CMC 0% CMC 0.5% CMC 

1.  RL1 TLU1 0.039 N.D. 0.466 0.119 

2.  RS1 TLU3 0.023 N.D. 0.158 0.004 

3.  AH2 AH2 0.062 N.D. 1.076 0.082 

4.  TZ TZ 0.077 N.D. 1.503 0.197 

5.  MW TLU4 0.019 N.D. 0.198 0.017 

6.  BW TLU5 0.006 N.D. 0.239 0.148 

7.  VS1 TLU6 0.029 N.D. 0.266 0.106 

8.  DPW2 TLU9 0.044 N.D. N.D 0.006 

9.  NW TLU10 0.034 N.D. 0.402 0.028 

10.  SS TLU11 0.054 N.D. 0.589 N.D 

11.  VA1 TLU12 0.047 N.D. N.D N.D 

*N.D = not detectable 

 

 

 

 

 

 

 

 

 

 

 

Table 2.4.  Xylanolytic activity (U/mg protein) of isolates grown in the presence / 

absence of substrate and glucose. 
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Sr. 

No. 

 

Isolate 

Isolate as 

renamed 

Sp.Activity (U/mg) 

- Glucose + Glucose 

0% xylan 0.5% xylan 0% xylan 
0.5% 

xylan 

1.  RL1 TLU1 0.004 N.D. 0.215 0.009 

2.  RS1 TLU3 0.003 N.D. 0.082 N.D. 

3.  AH2 AH2 0.006 N.D. 0.077 0.010 

4.  TZ TZ N.D. 0.007 0.187 0.062 

5.  MW TLU4 N.D. N.D. 0.228 N.D. 

6.  BW TLU5 N.D. 0.04 0.008 N.D. 

7.  VS1 TLU6 0.003 0.012 N.D. 0.045 

8.  AA3 TLU7 N.D N.D. N.D. 0.073 

9.  DPW2 TLU9 N.D. N.D. N.D. 0.046 

10.  NW TLU10 0.022 0.018 0.522 N.D. 

11.  SS TLU11 N.D. N.D. 0.022 0.094 

12.  VA1 TLU12 N.D. 0.003 N.D. 0.126 

*N.D = not detectable  
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C. Harvesting time 

 

Most of the thraustochytrid isolates exhibited maximum endoglucanase activity at 5 days 

of incubation, as shown Figs 2.9 and 2.10. Comparatively higher activities were detected 

from isolates AH2, TLU8 (DS1 renamed) and TZ (Fig 2.10). On the basis of these results 

of qualitative assays, a harvesting time of 5 days was taken to be most ideal. 

Owing to the dearth of information on thraustochytrid cellulose characterization in 

literature, it was considered necessary to optimize certain parameters such as enzyme 

concentration, time course, optimum temperature and a favourable pH for the quantitative 

estimation of endoglucanase from our isolates. Details of such studies are presented below. 

D. Enzyme concentration studies 

Six isolates were analyzed for their activity at 37°C (pH 7). The enzyme concentration 

studies as depicted in Fig 2.11 show that of these isolates, TZ and TLU6 were the best 

producers of endoglucanases.   

A clearer depiction of this parameter is represented in Fig 2.12 in relation to the enzyme 

from isolate TZ, which shows that the optimum amount of crude enzyme to be used for the 

assay could very well go up to 0.3 mg protein (Fig 2.12). The most relevant conclusion 

from this experiment is that the method has been successful in quantifying endoglucanase 

activity from the thraustochytrid, the progress of the reaction being clearly dependent on 

enzyme concentration. 

E. Time course of endoglucanase activity  from TZ 

Enzyme activity appeared to be linear up to about 90 min of incubation (Fig 2.13), 

suggesting the possibility of opting for longer incubation periods for better quantification 

of enzyme activity.    
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Fig 2.9 Agar cup diffusion assay depicting CMCase activity of a potential cellulolytic 

isolate each successive day after inoculation. The numerals in the figure represent the 

day of harvesting.  

 

 

 

Fig 2.10  Harvesting time for different isolates 
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Fig 2.11 Enzyme concentration curve for endoglucanases from different isolates 
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Fig 2.12   Enzyme concentration graph for endoglucanse activity of isolate TZ 

 

 

Fig 2.13 Time course for endoglucanase activity from isolate TZ 
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F. Optimum assay temperature for the cellulases from selected  isolates 

The endoglucanase assay was carried out at different temperatures ranging from 30-80°C 

for four isolates (Fig 2.14). 

Although isolates TLU11 and TLU10 had shown good activity, both the isolates were 

somehow not amenable to repeated subculturing. For all further standardization 

experiments, therefore, isolate TZ (the endoglucanase from which had shown a consistent 

temperature optimum of 50°C) or isolate TLU6 was chosen, although again, the results 

from the latter were not very consistent. Despite some isolates showing better activity at 

higher temperatures (above 50°C), it was decided to carry out routine assays at 50°C, as 

fairly good (if not the most optimal) activity was obtained at this temperature. 

 

G. Activity at acidic and neutral pH 

At pH 7 only about 70% increase in activity was observed at 50°C as compared to that at 

37°C. At pH 4.5, however, a 5-fold increase in activity was obtained at 50°C as compared 

to 37°C (data not shown). Hence 50°C was adopted as the ideal assay temperature.  

At pH 7, the activity was only 30% of that obtained at pH 4.5. 

While some industrial applications of cellulases require the operational pH to be acidic, 

neutral and alkaline pH find importance in industrial applications such as in the detergent 

industry. Taking into account an acidic pH preference for cellulase activity  isolate TZ, 

Experiments were thus carried out at pH 4.5 (acetate/ citrate buffer) for  the general 

studies.  
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Fig 2.14 Assay temperatures for different isolates 
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A. Substrate concentration effects 

In literature, various concentrations of substrate (CMC) have been reported to be used in 

assay procedures. A comparison of results for 0.5% and 1% CMC in the assay of the crude 

culture supernatant of isolate TZ showed a 5-fold increase in activity with 1% CMC as 

compared to that with 0.5% (data not shown). Hence a CMC concentration of 1% was 

adopted for all further assays.  

 

2.3.3 Characterization of the isolate TLU8 

Viability of cells after storage was an important factor that was considered for the selection 

of a suitable cellulase producing isolate for further studies. Comparison of cellulase 

activities of TZ and TLU8 led to the selection of TLU8 as a more potent and reliable 

isolate for further studies. It was hence considered useful to carry out certain studies which 

would provide some insight into the characteristics of this isolate. Isolate TZ was an 

existing culture from the departmental culture collection with reported lipase and protease 

activities (Kanchana et. al., 2011). Isolate TLU8, however, being a newly obtained isolate 

from the mangrove ecosystem, incurred much interest as subsequently other enzyme 

activities could also be looked into for a more complete evaluation of its ecological role. 

 

A:- API ZYM KIT for 19 different enzymes 

Semi-quantitative API-ZYM system (Biomérieux;) was tested for the presence / absence of 

19 enzymes (Fig 2.15).  The isolate tested positive for the production of 12 enzymes 

including β-glucosidase at a pH of 5.4. Intense coloration was observed for the presence of 

alkaline and acid phosphatise, leucine and valine arylamidase, naphthol –AS-BI- 

phosphohydrolase, α- glucosidase and α-galactosidase (Fig. 2.16). Bongiorni (2005)  
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Fig 2.15 Reading table for API ZYM kit 

 

 

 

 

Well nos. that tested positive according to the reading table for API ZYM kit were 2, 6, 7, 

8, 11, 12, 13, 14, 15, 16, 17and 18. 

Fig 2.16  API zym kit utilization for isoalte TLU8 
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analysed the enzymatic pools of 11 thraustochytrids strains vide API-ZYM strip and 

reported the presence of a wide spectrum of ecto- and exo- enzymatic activities. It may be 

noted, however that α- fucosidase was not found in any of the 11 strains, as was the case of 

our isolate TLU8 too. 

The presence of a chitin degrading enzyme, N-acetyl-β-glucosaminidase was also observed 

in isolate TLU8. 

 

B:- Hi-Media Kit 

Hi- media kit KB 009 was used to study the biochemical properties of the isolate TLU8 

(Fig 2.17). Among the differerent sugars that were utilised, the isolate tested positive for 

the utilization of glucose, maltose and glycerol. The isolate was found to be unable to 

assimilate  cellobiose, salicin nor esculin. A table of  all the results for the different  tests in 

KB009 kit is shown in Table 2.5. 

 

C. DNA isolation 

DNA was isolated according to Mo. et al. (2001) analyzed electrophoretically  on a 1.8% 

agarose gel Fig 2.18) and the ‗purity ratio‘ was found to be  >1.8.  The sample was 

prepared for use in phylogenetic analysis using molecular tools. 

D: Identification of isolate TLU 8 using molecular techniques 

The isolate was identified by Xcelris Pvt. Ltd, Ahmedabd, India using D1/D2 region of 

LSU (Large SubUnit: 28S rDNA) based molecular technique. The culture was reported to 

have 99% similarity with  Thraustochytrium  aureum strain ATCC 34304 (GenBank 

Accession Number:FJ030888.1 ) based on nucleotide homology and phylogenetic 

analysis. The other close homologs for the isolate were as found from the Alignment View 

table (Table 2.6) 
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Fig 2.17 KB009 Kit Utilization 

 

 

Table 2.5  Substrate utilization in Hi-media kit KB009 for isolate TLU8 

KB009 A KB009 B KB009 C 

Lactose  - inulin - Rhamnose - 

xylose - Sodium gluconate - Cellobiose - 

Maltose + Glycerol + Melezitose - 

Fructose - Salicin - Α-methyl-D- mannoside - 

Dextrose + Glucosamine - xylitol - 

Galactose - Dulcitol - ONPG - 

Raffinose - Inositol - Esculin - 

Trehalose - Sorbitol - D-arabinose - 

Melibiose - Mannitol - Citrate malonate - 

Sucrose - Adonitol - Sorbose - 

L- arabinose - α-methyl D- glucoside - Control - 

Mannose - Ribose -   

+: utilised ;  -: not utilised 
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Fig 2.18 DNA  isolation 

Table 2.6 Sequence Producing Significant Alignments 

Accession  

No. 

Description 

Max 

score  

Total 

score  

Query 

coverage  

E value  

Max 

ident  

FJ030888.1  

Thraustochytrium aureum strain ATCC 

34304  

733 733 100% 0.0 99% 

FJ030887.1  Japonochytrium sp. ATCC 28207   542 542 98% 1E-150 90% 

FJ030882.1  Developayella elegans strain CCAP1917/1   363 363 96% 6E-97 
82% 

AJ439837.1  Austrofilum incommodum   363 363 96% 7E-96 81% 

AJ295827.1  Caepidium antarcticum  360 360 96% 8E-95 81% 

FR668909.1  Ectocarpus sp. CCAP 1310/282  356 356 96% 3E-94 81% 

EF990227.1  Halopteris pseudospicata   354 354 95% 3E-94 81% 

DQ916033.1   Scytosiphon gracilis from Cachagua   354 354 96% 3E-94 81% 

DQ916034.1  Scytosiphon gracilis from Maitencillo   354 354 96% 3E-94 81% 

AJ439834.1  Ascoseirophila violodora   354 354 96% 3E-94 81% 
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It is of interest to note that our other isolates TZ and AH2 (from the laboratory culture 

collection) which had exhibited good cellulase activity, had also been identified as 

Thraustochytrium sp. with notable protease and lipase activity (Kanchana et. al., 2011). 

 

The evolutionary history was inferred using the Neighbor-Joining method (Fig 2.19). The 

bootstrap consensus tree inferred from 500 replicates was taken to represent the 

evolutionary history of the taxa analyzed. The evolutionary distances were computed using 

the Kimura 2-parameter method and represented in the units of the number of base 

substitutions per site. Phylogenetic analyses were conducted in MEGA4. 

E: Metal ion sensitivity of the isolate   

Concentrations (up to 500 mM) of Mg, Ni, K, Li, Ca and Mn did not have any effect on the 

growth of isolate TLU8 while it was found to be highly sensitive towards heavy metals 

such as Fe, Pb, Hg, Zn and Cu at a lower concentration of 125 mM (Table 2.7). Cobalt 

concentrations up to 125mM could be tolerated, above which the isolate was sensitive and 

could not survive. This is only a preliminary study in this regard and at this point merely 

serves to discern the sensitivity of the isolate TLU8 to different metal ions.  

  

F:- Nile red staining 

Nile red staining (as per Liu, et al., 2013) was carried out to check for the presence of 

intracellular lipid bodies. Numerous fluorescing lipid bodies could be observed in each cell 

as shown in Fig 2.20. This also proves the potential of this isolate for lipid production, to 

which the commercial value of thraustochytrids is generally attributed to. 
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Fig 2.19 Phylogenetic tree  
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Table 2.7 Metal ion sensitivity of the isolate TLU 8 

 

 

‗+‘ = Growth   ‗-‘ = No growth 

 

 

Fig 2.20 Nile red staining 

Sr. No Metal salt 

Metal concentration (mM) 

500 250 125 

1.  MgSO4 + + + 

2.  NiCl2 + + + 

3.  KCl + + + 

4.  LiCl + + + 

5.  CaCl2 + + + 

6.  MnSO4 + + + 

7.  CoSO4 - - + 

8.  FeCl3 - - - 

9.  Pb(NO3)2 - - - 

10.  HgCl2 - - - 

11.  ZnSO4 - - - 

12.  CuCl2 - - - 
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Chapter 3 

Cellulase activities from a mangrove 
ecosystem thraustochytrid isolate TLU8,  

their multiple cellular locations and 
extraction 
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Cellulose is a water insoluble, highly polymeric compound. Organisms involved in the 

degradation of cellulose are located on the surface of the cell or released extracellularly. 

Numerous studies have been carried out in different organisms in this regard, of which a 

considerable number have been based on their location in the anaerobic bacterium C. 

thermocellum and on the aerobic fungus Trichoderma viridae, with the other potential 

fungal species not falling too behind in the line. 

An enzyme located in the growth medium might have been secreted extracellularly or 

passively released on account of cell lysis. Moreover cellulases exhibit different or 

multiple specificities, making their separation and study more difficult. There are also 

considerable problems associated with the detection methods/assays of these different 

types of enzymes. Taken together, such a study, although very intriguing and important to 

discern the location of the different types of cellulases, is fraught with numerous 

difficulties and presents several different facets of synergism and multiplicity of 

cellulases, as described in Chapter 1. 

Cellulose utilization generally proceeds via organisms that are either aerobic or anaerobic, 

but not both. Distinct differences in cellulolytic strategy between the aerobic and 

anaerobic groups have also been known (Kuhad et. al., 2011). In most anaerobes, 

cellulases are localised on the cell surface into structures called cellulosomes, with almost 

no release of extracellular cellulases. 

 

Aerobic organisms, on the other hand, release enough extracellular cellulase enzymes 

recoverable in culture supernatants. Although contact with cellulose is not necessary for 

hydrolysis, many aerobic microbes are found to adhere to cellulose (Kauri and Kushner, 

1985). 
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In this Chapter, the multiplicity of cellulases from a mangrove area thraustochytrid isolate 

and the cellular distribution of the cellulases have been specifically addressed. 

 

3.1 MATERIALS AND METHODS 

3.1.1 Studies on Exopolysaccharide 

A. Scanning electron microscopy 

Scanning electron microscopy of isolate TLU8 was carried out at the National Centre for 

Antarctic and Ocean Research, Goa. The processed samples were subjected to gold 

spluttering using JEOL JFC1600 Autofine Coaterfor Scanning Electron Microscopy (on 

model JEOL JSM 6360LV SEM). 

 

B. Alcian Blue staining 

Alcian Blue was used for staining of polysaccharides according to the method of Jain et.al 

(2005). The culture was stained with 1% Alcian Blue in 3% acetic acid at pH 3 and 

observed under the microscope; acidic polysaccharides, where present, would be stained 

blue. 

3.1.2 Extraction of the crude enzyme 

The broth culture of isolate TLU8 was incubated for 5 days under optimum growth 

conditions and the enzyme extraction was carried out in three different ways as mentioned 

below:- 

A. Preparation of CS 

One part of the culture broth was centrifuged at 10,000 x g for 15 min at 4°C. The cell-

free supernatant obtained thus was used as a source of crude enzyme and termed  ‗culture 

supernatant‘ (CS). 
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A. Preparation of SCS 

The cell pellet obtained in the above procedure was retained and washed twice using 

0.05M sodium phosphate buffer (pH 7), re-suspended in buffer and the release of 

intracellular components was facilitated by sonication for 20 s using a 6 mm titanium horn 

(Vibra Cell, Sonics and Materials Inc., USA) at 50 % amplitude; an ice bath was used 

during sonication to minimize any loss in activity due to overheating. The supernatant 

obtained after centrifugation of the sonicated sample was designated ‗sonicated culture 

supernatant‘ (SCS). 

 

B. Preparation of PFTE 

The third procedure adopted for enzyme extraction involved freeze-thawing, for which the 

cell pellet obtained after centrifugation of 60 ml of the culture broth was suspended in 12 

ml of the buffer (50 mM sodium phosphate, pH 7) in 30 ml polypropylene tubes and 

quick-frozen in the deep freezer (-80°C) for 15 min, followed by thawing to room 

temperature (RT). The freeze-thawed samples were centrifuged at 10,000 x g (4°C, 15 

min) and the supernatant labelled ‗pellet freeze-thawed extract‘ (PFTE). 

 

3.1.3 Optimization of enzyme extraction by the freeze-thaw procedure 

The effect of repeated freeze-thawing on the cellulase activity was studied by subjecting 

the cell pellet to a defined number of cycles (1, 3, 5, 7, 10, 15 and 20) of freeze-thawing. 

The activity was measured in the PFTE obtained after centrifuging the cell pellet at the 

end of the specified number of cycles 
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3.1.4 Enzyme Assays 

A. Endoglucanase activity 

The CMCase activity which is a measure of the endoglucanase activity was quantified 

using di-nitrosalicylic acid (DNS) reagent (Appendix II) (Ghose 1987; Miller 1959). The 

amount of reducing sugar released was measured spectrophotometrically at 575 nm. One 

unit of CMCase activity was defined as the amount of enzyme that released 1μmole of 

glucose equivalents per min under the assay conditions, as mentioned in Chapter 2. 

B. Agar cup diffusion assay for endoglucanase 

The activity was also assayed in the different cell fractions by the agar cup diffusion assay 

carried out at pH 5 on plates containing 0.2% CM-cellulose in 1% agar, followed by 

flooding with Congo Red stain for 15 min (vide section 2.1.4). Washing off of the excess 

stain with 1M NaCl revealed yellow coloured zones of clearance, indicative of enzyme 

activity. 

C. Avicelase activity 

Avicelase activity was determined by incubating a suitably diluted enzyme extract with 

1% Avicel PH-101 in the presence of a suitable buffer.  The amount of reducing sugar 

released was determined by DNS method (Miller 1959). One unit of Avicelase activity 

was defined as the amount of enzyme that released 1μmol of glucose equivalents per min 

under the assay conditions. 

D. β-glucosidase activity 

β-Glucosidase was routinely assayed by using a reaction mixture (0.8 ml) containing 0.1% 

p-nitrophenyl-β-D-glucopyranoside (pNPG), 50 mM acetate buffer (pH 5.5) and 50°C for 

30 min, the reaction was stopped by adding 1 M NaOH (1 ml) and the color  

. 
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that developed was measured at 405 nm. One unit of β-glucosidase activity corresponds to 

the amount of enzyme that releases 1 µmol of p-nitrophenol min
-1

 in the reaction mixture 

under the assay conditions. 

E. Agar cup diffusion assay for β-glucosidase activity 

β-glucosidase activity in the different cell fractions was detected on agar plates containing 

1% agar, Esculin (0.4%) and Ferric Chloride (0.01%) prepared in acetate (pH 

5.5)/phosphate buffers (pH 7.0)(Eberhart et.al.,1964).Development of dark brown zone 

around the agar wells after incubation (37°C, 2h) was indicative of β-glucosidase activity. 

F. Filter Paper Assay 

The filter paper assay (Eveleigh et.al, 2009; Camassola and Dillon, 2012) was carried out 

with a suitably diluted enzyme in buffer (1.5 ml) and 50mg of filter paper (Whatman No. 

1) for 45 min at 50°C. The amount of reducing sugar released was estimated by the DNS 

method of Miller (1959). One unit (U) of FPase, was defined as the amount of enzyme 

required to liberate 1 μmol reducing sugar from the appropriate substrate per min under 

the assay conditions. 

3.1.5 Polyacrylamide Gel Electrophotresis (PAGE) 

To analyze the homogeneity of the protein of interest equal amounts of protein were 

subjected to non-denaturing polyacrylamide gel electrophoresis (PAGE) on a 10% gel at 

50 mV till the dye front crossed the stacking gel and thereafter at 100 mV, following the 

procedure of Laemmli (1970). Electrophoresis was carried out at 4°C and the gel stained 

with Coomasie Brilliant Blue R-250, or silver stained in cases where higher sensitivity of 

detection was desirable. For SDS – PAGE also, the procedure of  Laemmli (1970) was 

adopted. 

 3.1.6 In situ detection of enzyme activity (zymogram) 

Endoglucanase activity was identified in situ after PAGE according to the method of 
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Purwadaria (1990) by the ‗sandwich‘ method. The acrylamide gel after the run was 

carefully overlayed on an agar gel (0.2% CMC and 1 % agar in acetate buffer, pH 5.5) and 

incubated at 37°C for 1h. The agar gel was removed and stained with 0.1% Congo Red 

solution for 15 min after which the gel was washed with 1M NaCl solution. Development 

of clear yellow band on the agar gel was indicative of endoglucanase (CMCase) activity. 

3.2 RESULTS AND DISCUSSION 

3.2.1 Production of Exopolysaccharide 

Thraustochytrids produce a good amount of exopolysaccharide (EPS) as described by  Jain 

et.al. ( 2005). The scanning electron micrograph of isolate TLU8 revealed a sheath of EPS 

surrounding the cells of the thraustochytrids (Fig 3.1), which was further confirmed by 

Alcian Blue staining (Fig 3.2). 

 

Secretion of EPS has been said to help localize and maintain the activity of exo- enzymes 

(Jain et.al., 2005). Lewandowski and Beyenal (2007) also mention one of the several 

different functions of EPS as for ‗binding of enzymes‘, which would result in the 

accumulation, retention and stabilization of enzymes through their interaction with 

polysaccharides. Any enzyme that remains associated with its producer cell either in the 

periplasmic space or bound on the cell surface is referred to as an ecto-enzyme whereas the 

term ‗extracellular‘ is applied to any enzyme that has lost contact with its producer cell and 

may occur in a cell-free form in the surrounding environment or adsorbed to other living or 

inert surfaces (Wingender et.al.,1999). Thraustochytrid strains have been reported to have 

very high ecto-enzymatic activities per cell, particularly for the enzymes alkaline 

phosphatase and aminopeptidase (Bongiorni et. al., 2005).  
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Fig 3.1. SEM of a cell of isolate TLU8 covered with exopolysaccharide (EPS) 

 

 

 

 

 

 

 

Fig 3.2 Alcian Blue staining of isolate TLU8 

EPS EPS 
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In biofilms and cell aggregates, the mobility of enzymes leaving the cell surface may be 

restricted by diffusion limitations within the viscous gel-like EPS matrix, the 

immobilisation through interactions with polymers, e.g., by forming enzyme- 

polysaccharide complexes or by binding to inorganic and/or organic particulate material 

incorporated in the biofilm, unlike in the case of single free-living cells (Wingender et. 

al., 1999). It is highly probable therefore that the EPS matrix produced by the 

thraustochytrid isolate could play a significant role with regard to its cellulase activity. 

 

3.2.2 Enzyme extraction through different methods 

The release of extracellular enzymes from microbial aggregates into the surrounding 

environment may be delayed or even prevented, resulting in a localization of enzymes 

within biofilms and flocs due to several reasons (Wingender et. al., 1999). It therefore 

becomes imperative to optimize the conditions and sources for maximal extraction of the 

enzyme in view of the fact that thraustochytrids were producers of massive amounts of 

EPS and that the cellulase complexes in different microbial systems vary in their 

localization i.e., either being membrane-bound or extracellular. 

Wingender et. al. (1999) also mention that a fractionation based on methods such as 

centrifugation, filtration or extraction of EPS using ion-exchange resins may be  applied 

to separate inorganic particulate material, cellular aggregates and single cells from the 

cell-free aqueous phase in  order to distinguish between a particle-sorbed / cell-bound and 

cell-free extracellular enzyme in the EPS-bound biofilms. 

 The enzyme activities were compared in the three different enzyme extracts (prepared as 

detailed under ‗Material and Methods‘) from isolate TLU8, viz., the CS, SCS and PFTE 

(Fig 3.3). It was found that the conventional method of extraction of the ‗extracellular‘ 

enzyme activity from microorganisms into the CS was not  
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Fig 3.3 Comparison of endoglucanase activities in the different extracts 
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sufficient in providing a valid estimate of the enzyme activity from thraustochytrids, 

compared to  PFTE or SCS which yielded higher enzyme activity;  PFTE preparations had 

the highest activity (two-fold, in comparison to CS). 

 

The superiority of the method was also proven by the results of the agar cup diffusion 

assay on plates which had 0.2% CMC incorporated, wherein a larger zone of clearance 

was obtained from PFTE (Fig 3.4 b) than CS (Fig 3.4 a), for the same amount of protein 

(0.5mg) loaded in each well. The enzyme activity is therefore believed to be preferentially 

associated with the cell pellet fractions (i.e whether sonicated or subjected to cycles of 

freeze-thaw). 

A comparison of cellulase activities with agarase (as a representative of other 

polysaccharide - degrading enzymes) in these fractions showed comparable activity in CS 

and PFTE for the latter (Fig. 3.5). It can therefore be said that the total agarase activity 

produced by the isolate might always be higher than that observed when only the 

extracellular fraction (CS) was considered. There could be a two-fold increase (there 

being almost the same amount of activity found in PFTE as in CS) in the total agarase 

activity (as might be with other polysaccharases too), available for extraction from 

thraustochytrids when both (CS and PFTE) fractions were considered. 

Repeated freeze-thawing does not happen to be a new method of extraction of enzymes, 

for its advantages have been clearly outlined by earlier researchers, eg. for the extraction 

of cytosolic recombinant proteins from E. coli (Johnson and Hetch, 1994) and as a pre-

treatment for the extraction of several enzymes from bacteria (Paoletti et. al., 1987; Bakir 

and Hamamci, 1997). The lesser understood method of  
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a    b 

Fig 3.4 Endoglucanaseactivity of different enzyme preparations; 

a: CS ; b: PFTE 

 

 

Fig 3.5 Comparison of Agarase and Endoglucanase activites in different extracts by 

plate assay 
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repeated freeze-thawing of the cell pellet could be causing only subtle changes in the 

permeability of the cell membrane without total destruction of the cell, resulting in 

minimized and controlled leaching out of the cellular proteins (Johnson and Hetch, 1994). 

In the present study too, observations under the microscope revealed that the repeated 

freeze-thaw procedure did not serve to lyse the thraustochytrid cells, thus pointing out that 

the contents in PFTE might not be of intracellular origin, unlike in the case of SCS, 

wherein the cells would have been disrupted to release the intracellular contents also. 

Upon non-denaturing polyacrylamide gel electrophoresis (PAGE), noted differences were 

observed in the protein profiles of the various enzyme extracts with respect to a few bands 

(Fig 3.6 a). All of the preparations, however, had activity bands (as was seen by the 

development of yellow bands in the zymogram) corresponding to the silver-stained 

protein bands at the same location (Fig 3.6 b). The activity bands in all the enzyme 

preparations, nevertheless, differed in intensity. The activity band in the CS was found to 

be less prominent as compared to those from PFTE and SCS. This suggests that many a 

time thraustochytrid cellulase activity could go undetected when CS was used as the 

source of enzyme. The activity bands in all the preparations had the same Rf value on the 

zymogram (~ 0.8), thus confirming that the reference in all cases was to the same protein. 

The results from PAGE analyses thus proved that while the soluble cellulase activity of 

thraustochytrids was available extracellularly, the high pellet-associated activity that was 

being successfully extracted in PFTE could not be neglected. It therefore appears that cell 

surface/membrane-associated cellulase activity was being effectively extracted during the 

repeated freeze-thawing procedure adopted here.  
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a   b 

Fig 3.6 a: Protein profiles of different preparations of enzyme extracts; b: Cellulase 

activity profiles; 

Lane 1: CS; Lane 2: PFTE; Lane 3: SCS 
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3.2.3 Standardization of PFTE preparation 

The number of freeze-thaw cycles for PFTE preparations was standardized and a 

minimum of 7 repeated cycles was found necessary for maximal extraction of the 

endoglucanase activity (Fig. 3.7). The activity of the enzyme being extracted did not 

increase after 7 cycles. In fact it was found to gradually decrease after 7 cycles, probably 

due to partial inactivation of some of the activity. The amount of protein being extracted, 

however, continued to steadily increase even after 10 cycles of repeated freeze-thaw. The 

specific activity of the enzyme under consideration showed a sharp decrease at 10 cycles, 

suggesting that probably more of the non-specific proteins were being leached out by this 

time.  

3.2.4 Cellular Localization of Endoglucanase activity 

Wingender et. al.,(1999) argue that the extraction procedures employed may not  

necessarily allow discrimination between enzymes that are bound to integral components 

of the cell surface and those ―cell- free‖ enzymes immobilized within that  fraction of the 

EPS matrix and which may not be removable, say, by centrifugation/ filtration. 

‗Extracellular‘ enzymes may thus be (i) ones being actively excreted to the environment 

(ii) may start as ecto-enzymes that are later washed-out or (iii) may be intracellular 

enzymes that are released upon lysis of cells. For ecto-enzymes, hydrolysis is often 

closely coupled to uptake of nutrients by the cell owing to the direct association of 

enzymes with the cells (Hoffman and Decho, 1999). It thus became important to know 

whether the activity (being loosely bound) would be lost in the ‗wash‘ of the pellet or 

whether it was a property of the cell-associated fractions. Alcian Blue staining of the 

pellet showed that EPS remained associated with the cell  
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Fig 3.7 Effect of the number of cycles of freeze-thaw on the activity in PFTE.  

 

 

 

Fig3.8 Alcian Blue staining of washed thraustochytrid cell pellet. Arrow indicates the 

presence of EPS around the cells. 
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could be detected in the first wash, (which decreased in the subsequent washes), there was 

considerable activity being retained in the PFTE even after several rounds of washing 

(Fig.3.9), proving that the enzyme included in the fraction was integral to the cell surface 

and/or the tightly bound EPS. The endoglucanase activity thus appeared to be more pellet-

associated owing to the absence of significant activity in the CS and a retention of some 

activity even in the washed PFTE. 

The SDS-PAGE profiles of the different enzyme extracts (Fig 3.10) were analysed for a 

comparison of banding patterns. Bands in region designated ‘A’ were the only clear bands 

with respect to CS sample. Bands in region ‘B’ appeared to be pellet/ cell-adhering 

protein as they were absent in the ‗wash‘ of the pellet ( lane 3) and in the CS (lanes 2 and 

5). No activity bands were observed upon removal of SDS from the gel, suggesting that 

SDS had some irreversible effect on the enzyme. 

3.2.5 Comparison of β- glucosidase activities in the different extracts 

High ecto-enzymatic (cell-surface associated) activities per cell for enzymes such as 

cellulases (particularly β-glucosidase) as compared to the corresponding exo-enzymatic 

(extracellular) activities was reported by Bongiorni et al. (2005) in thraustochytrid strains 

isolated from the alga Ulva rigida and from tropical seagrass leaves. The β-glucosidase 

activity in the various extracts was analyzed (Fig 3.11) to determine the cellular 

distribution of the enzyme. Formation of mild brown zones was observed at pH 7 around 

wells with unwashed and washed PFTE. No zone was visible with CS preparations. At pH 

5, however, a more prominent zone was observed around the wells containing CS and 

unwashed PFTE. The zone with respect to the washed PFTE was obscure. This concluded 

that, as was the case with endoglucanase activity, 
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Fig 3.9 Distribution of Endoglucanase activity in different extracts 

 

 

 

 

 
Lanes 1& 6: Unwashed PFTE, Lane 2& 5: CS, Lane 3: Wash of the pellet, Lane 4: 

Washed PFTE 

 

Fig 3.10 SDS-PAGE profile of proteins in the different enzyme extracts 
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A     B 

Fig 3.11. β- glucosidase activity in the different extracts at A: pH 5, B: pH 7 

 

 

 

Table3.1 Comparision of β- glucosidase activity at pH 5 and pH 7 

Enzyme 

preparation 

β- glucosidase activity 

(U/ml) 

pH 5 pH7 

CS 0.76 0.08 

wash 0.26 0.10 

washed PFTE 0.38 0.16 

unwashed PFTE 1.23 0.44 

 

  

CS 

 

CS 

 

PFTE 

(Washed

) 

    PFTE 

(Unwashed) 

 

PFTE 

(Washed) 

 

+ve 

Control 



84 
 

the β- glucosidase activity too in CS had an acidic pH preference. The formation of zones 

by washed PFTE at pH 7 implied that the enzymes being extracted by PFT had neutral pH 

optima, as was also proved by the data in Table 3.2. Dark brown zones developed around 

the wells in which commercial cellulose (positive control) was loaded. 

Upon quantitative estimation of the β-glucosidase activity in the different enzyme 

preparations at pH5 and pH7 (Table 3.1), similar results as that obtained in the qualitative 

assay were observed. The activity at pH 5 was high in comparison to that at pH 7 in all the 

enzyme preparations. The highest activity was found to be obtained in the unwashed 

PFTE. 

 

3.2.6 Avicelase activity in the different enzyme extracts 

The operational term Avicelase is commonly used synonymously with exoglucanase or 

cellobiohydrolase (Wood and Bhat, 1988). Exo-1,4-β-glucanases possess the ability to 

degrade microcrystalline cellulose (Avicel) by liberating cellobiose from the non-reducing 

ends of the β-1,4-glucan chains (Bronnenmeier et. al., 1991). 

The Avicelase activity in the CS, washed as well as unwashed PFTE and also the ‗wash‘ 

fractions of the cell pellet were determined (Fig 3.12). Avicelase activity was 

found mainly associated with the loosely bound EPS or material that could be washed out 

with buffer. The relative activity was calculated in the washes and the PFTE obtained 

using the washed pellet. The combined activities found in Wash 1, Wash 2 and the PFTE 

obtained subsequent to the two washes appear equal to the activity in the unwashed PFTE 

alone. For comparison purposes, the total Avicelase activity was considered as a sum of 

the activities in CS and unwashed PFTE and was taken as  
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Fig 3.12 Relative distribution of Avicelase activity 
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―100%‖. In the absence of any activity being found in CS (Fig 3.12), the unwashed PFTE 

accounted for the total Avicelase activity assayed. 

 

3.2.7 Comparison of cellulase activities in CS and PFTE 

 

While the different types of cellulase activities could be detected in the CS as well as in 

the PFTE, endoglucanase and β-glucosidase activity were found to be more pronounced in 

PFTE whereas the total cellulase activity (FPU) was higher in CS (Table 3.2). Wingender 

et. al. (1999) state that sometimes there could be no difference in the properties of the 

enzyme from two cellular locations (extracellular or bound) due to transitions that could 

occur between the different forms of enzyme (ecto- and exo-) eg. Alkaline phosphatase of 

Bacillus licheniformis. Thus, in the present study which proves the presence of ecto- as 

well as exo- enzymes of the cellulase complex, it is highly probable that it could be the 

same type of enzymes that are present in both the locations or they could differ in terms of 

their properties. In any case, restricting the source of enzyme merely to the CS, therefore, 

might not therefore serve to gauge the cellulase activity from thraustochytrids in toto, 

unless the pellet fractions were also considered. 

In conclusion, it appears that while some amount of ‗CMCase‘ activity was produced or 

released extracellularly, there was a significant amount of activity associated with the cell 

pellet (membrane bound? / intracellular? / associated with extracellular entities?) which 

could be successfully  extracted out by repeated cycles of freeze-thaw of the cell pellet. 

While in the present study CM-cellulose was used more often as the substrate for the easy 

detection of ‗cellulase‘ activity, it gives a measure of only one type of cellulase activity, 

namely that of CMCase, which is an endo-β-1,4-glucanase. The study, however, proves 

the presence of other types of cellulase activities, such as Avicelase and β –glucosidase 

also, indicating that the cellulase system of the thraustochytrid isolate is a complete 
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system with at least three different types of cellulolytic enzymes. Moreover, it also reports 

the application of an easy method of PFTE which, to the best of our knowledge, has never 

before been applied to the extraction of cellulases in any living systems. 
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Table 3.2 Comparison of the different cellulase activities in CS and PFTE 

Enzyme 

extract 

Sp. activity (U/mgprot) 

Endoglucanase 

β- 

glucosidase 

FPase 

PFTE 0.12 0.32 0.18 

CS 0.06 0.29 0.28 

 

 

  



89 
 

 

 

 

 

Chapter 4 

Culture conditions that maximize 
endoglucanase production by isolate 

TLU8 
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Optimization of the growth medium is generally directed with two primary objectives: 

i. to reduce the overall cost of enzyme production and 

ii.  to maximize the yield of the enzyme of interest. 

Complexity of the growth medium offers many opportunities to optimize individual 

components. The growth medium may or may not support maximal growth but it should 

provide maximal yield of the molecule of interest. In fact, at times nutrients supporting 

cell growth can themselves inhibit the productivity of the protein of interest (Kanchana et. 

al., 2011). Maximum cell viability and growth therefore need not always support maximal 

productivity. 

The considered manufacturing process mode — whether batch, fed-batch, or perfusion — 

will affect the choice of cell culture medium as well as approaches to optimization. For 

batch processes, a single medium is used to sustain cell growth and productivity. It must 

therefore be rich in nutrients but remain within physiological limits of the cells. In fed-

batch and perfusion processes, several different types of media can be used over the 

course of the cell culture, depending on the stage of the process.  

Analysis of the spent medium in comparison with its initial composition can provide 

important information on the changes that occur during culturing of the microorganism 

and the effect of metabolite accumulation on the growth of the culture or production of 

enzyme.  

Nutritional factors such as carbon and nitrogen sources as well as factors such as the 

inoculum size, growth temperature, pH of the growth medium and incubation time can 

influence enzyme production (Boominadhan et. al., 2009). The successful statistical 

optimization of these factors assumes a vital role in developing a cost- effective approach  



91 
 

for enzyme production, even if the fundamental understanding of the mechanisms 

involved in the process under investigation is lacking. The effect of the level of each 

variable (along with its interaction with other variables) on product yield should be 

ascertained practically and by the use of statistical tools, either by the single variable 

technique or by multivariate experiments. The Response Surface Method (RSM), as an 

experimental strategy for seeking the optimum conditions of a multivariable system, 

would be a more efficient method for optimisation (Nguyen et. al., 2000). 

Optimization of the media and the physical conditions of growth for one isolate may or 

may not produce the same success with another microbe. For example, growth and 

enzyme production in S. saccoboloides have been found to be favored in shake cultures, 

whereas in Agaricus bisporus (Manning and Wood, 1983) static cultures proved more 

effective. In T. koningii a moderate aeration favored the synthesis of endoglucanases 

(Halliwell and Lovelady, 1981). The use of ammonium salt as the nitrogen source resulted 

in low growth and enzyme production in S. saccoboloides due to the decrease of the pH of 

the culture medium to inhibitory levels. Different Streptomyces spp. have been reported to 

produce maximum cellulase after 72–120 h of fermentation (Jang and Chang, 2005; 

Alani et. al. 2008) while Bacillus subtilis produced maximum cellulase after 10 h of 

fermentation. It has been observed in general that easily metabolizable and utilizable 

substrates induce lower enzyme production (due to catabolite repression), compared to the 

complex and slowly utilizable substrates. 

In view of the above, although some features of growth and cellulase production were 

optimized with respect to the thraustochytrid isolate TZ (Chapter 2), consequent to the 

identification of isolate TLU8 as stable in culture and with the best cellulase production 

capability (Chapter 3), conditions of growth and maximal endoglucanase production by 

this promising isolate needed to be investigated. This chapter therefore standardizes the 
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process variables for optimal production of the endoglucanase from isolate TLU8 by 

measuring its activity resulting from changes that are controlled and monitored in the 

growth medium of the isolate. 

4.1 MATERIALS AND METHODS 

All chemicals used were of analytical grade and glass double distilled water was used at 

all times. In all experiments, the measurements were carried out with duplicated parallel 

cultures. Each data point plotted is a representation of mean ± S.D. of values analyzed in 

replicate from two independent experiments. 

4.1.1 Effect of the salt - base component of growth medium on enzyme production 

The effect of enzyme production in the normal growth medium (appendix I) composed of 

crude sea salt, peptone, yeast extract and glucose was studied by replacing its crude salt 

component with NaCl (3.4%), ASW [full strength (FS) or half strength (HS)], sea water 

(70%) or distilled water. The cultures were harvested after 3 days of growth at RT and the 

endoglucanase activity determined in CS as well as PFTE. 

The effect of various concentrations of sea water on the enzyme production was studied 

by growing the isolate in 60, 70, 80, 90 or 100% of natural sea water and measuring the 

enzyme activity. 
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4.1.2 Effect of various carbon sources on enzyme production 

Isolate TLU8 was grown in a medium containing various carbon sources at a 

concentration of 0.25% (w/v). Endoglucanase activity was measured in CS and PFTE (as 

described in Chapter 3). 

Subsequently a range of glucose/ maltose concentrations (up to 1%) was used and the 

activity estimated in PFTE. 

4.1.3 Effect of different nitrogen sources on enzyme production 

The effect of various nitrogen sources was studied by culturing the isolate in media 

containing KNO3, NH4Cl, NH4NO3, sodium glutamate, urea, yeast extract or peptone as 

the sole nitrogen source. A control flask with the normal composition of growth medium 

(appendix II) was maintained for comparison. The CS and PFTE were analyzed for 

endoglucanase activity after 5 days of growth. 

 In order to choose the most appropriate nitrogen source(s) in the growth medium,  the 

isolate was inoculated into media containing peptone, yeast extract or both together,at 

various concentrations as detailed. A flask without any nitrogen source was also 

maintained as ―control‖. The cells were harvested at the end of 3, 5 and 7 days, for 

quantitative estimation of the enzyme activity in PFTE. 

4.1.4 Size of the inoculum 

Different quantities of the initial inoculum (0.1, 0.5, 1, 5 and 10 %) were used in the 

growth medium and the enzyme activity determined in the PFTE after 3 days of growth. 
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4.1.5 Time course for enzyme production 

The ideal time for harvesting the cells for best enzyme activity in PFTE was analysed 

after growing the isolate in the optimized medium for a period of up to 7 days (168h). The 

activity as well as absorbance at 600 nm (as an approximate estimate of growth) were 

recorded every 24 h after inoculation.  

4.2 RESULTS AND DISCUSSION 

Thraustochytrids vary in their ability to use carbon and nitrogen sources (Bahnweg 1979). 

Various authors have reported their findings on the utilization of carbon sources by 

thraustochytrids and optimization of the growth medium for the production of PUFA 

(Yokochi et. al. 1998, Bajpaj et. al., 1991) and EPS (Jain et. al., 2005) from 

thraustochytrids. There have been no reports, however, on the optimization of the media 

components for effective production of cellulase by any of the strains of thraustochytrids. 

Nagano et. al. (2009) suggest that carbon source utilization profiles could be useful for the 

identification and classification of thraustochytrid species. Although the distribution of 

cellulases over cellular/extracellular locations has been dealt with at length in Chapter 3 

for our strain of thraustochytrids, it was thought advisable to re-ascertain that the lower 

activity observed in CS was not an artefact of a sub-optimal composition of the growth 

medium.  In this Chapter, therefore, while the main focus was on PFTE as an enzyme 

source, the effect of the carbon, nitrogen and salt components in the medium was also 

looked into in the CS enzymes. 
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4.2.1 Effect of the salt - base component of growth medium  

Thraustochytrids are known to have an obligate requirement for Na
+
 ions that cannot be 

replaced by K+ ions (Raghukumar, 2008). In the present study also, very poor growth was 

observed when the medium was constituted in plain distilled water although it could sustain 

low cellulase activity in the CS (Fig 4.1). This could perhaps be due to the availability of 

the base level enzyme in the CS by a possible disruption of the cellular stability of the cells 

used in the inoculum, in the absence of a minimum required salinity. In contrast to our 

finding of considerable activity in the CS in both  

NaCl or salt –free water, it was observed that there was  no activity in the PFTE (Fig 4.2) 

probably because such media barely supported growth. Kanchana et.al (2011) used a 

growth medium containing 3.4% crude sea salt for production of optimal levels of lipase in 

two thraustochytrid isolates. Crude sea salt has found purpose in growth medium for 

thraustochytrids in several other reports too (Shene et. al., 2010). In the present study it was 

noted that the effectiveness of crude sea salt in the medium was less compared to the use of 

artificial sea water (ASW). Medium constituted in half-strength ASW has been widely used 

in literature for the growth of thraustochytrids and for the production of metabolites (Taoka 

et. al, 2009; Shene et. al., 2010). Isolate TLU8 was noted to grow well in a medium that 

was constituted on the same lines but it was observed that maximum cellulase activity was 

obtained in medium prepared in natural sea water. Although thraustochytrids require 

seawater components for growth, studies on salinity optima and tolerance levels for growth 

vary among strains of thraustochytrids (Raghukumar,2008). Raghukumar (2008) also 

revealed that strains from mangrove environments (where salinity fluctuates highly) are 

likely to show lower salinity optima or wider salinity tolerance. The optimal salinity for the 

growth of thraustochytrids in general has been said to  
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Fig. 4.1 Effect of salt on activity of CS enzyme 
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correspond to that of 50–100% seawater. Shene et. al. (2010) successfully used 50% 

natural seawater in the basal medium for growing S. Limacinum OUC88. 

Isolate TLU8, having been obtained from a mangrove environment at a salinity of 20 psu, 

elicited best enzyme production (Fig 4.2) with the use of 70% natural sea water (salinity 

of 24 psu) which was therefore maintained during further studies. Schizochytrium 

limacinum SR21 showed a salinity tolerance of 0– 200% that of seawater, the optimum 

being at 50–100% (Raghukumar, 2008). Nagano et.al. (2009) observed that seawater 

concentrations between 12.5 - 200% could be maintained for good growth of a marine 

thraustochytrid Aurantiochytrium limacinum strain mh0186 and that omission of a single 

component (magnesium sulphate) reduced the growth of the cells.   

4.2.2 Effect of various carbon sources  

Sadhu et al.,(2011) found significant interactions between carbon source and enzyme type 

in that the production of the amount and types of cellulase enzyme was dependent on the 

carbon source available. The choice of a suitable carbon source was therefore an 

uncompromisable factor for  production of the cellulases. 

Glucose is frequently used as a carbon source for growing thraustochytrids for various 

needs (Burja et. al., 2006). Several strains have, however, been found to utilize maltose 

and starch as well (Raghukumar, 2008). In contrast, the findings of Kanchana et.al. (2011) 

reflect a strong inhibition of lipase production in the presence of glucose. In the present 

study, glucose was found to be the best source of carbon, not only for growth but also for 

the production of the endoglucanase (Fig 4.3). Cellulose was found to closely follow 

glucose as the second best carbon source. 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Nagano%20N%5BAuthor%5D&cauthor=true&cauthor_uid=19915319
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Fig. 4.2Effect of salt (activity in PFTE) 

 

Fig. 4.3Effect of carbon sources on CS enzyme activity 
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On the other hand, in the case of the enzyme in PFTE, maltose was found to function as 

well as glucose (Fig 4.4 and 4.5), much alike S. aggregatum which has been found to 

propagate on medium containing maltose or cellobiose as a sole carbon source (Bahnweg 

1979). Another thraustochytrid isolate ONC-T18 showed good growth on 

monosaccharides (glucose, D-cellobiose, α-D-lactose) and glycerol while the use of di- 

and poly- saccharides resulted in poor cell growth (Burjae.t al.,2006). Interestingly, in our 

study too, glycerol scored as the third best carbon source after maltose and glucose for the 

production of enzyme in PFTE and supported proficient 

growth (Fig 4.4). Several studies have used glycerol in the growth medium for DHA 

production (Chi et.al., 2007; Ethier et. al., 2011; Pyle et. al., 2008) which, as a low cost 

carbon source, is said to have immense potential in lowering the cost of DHA production 

from thraustochytrids (Gupta et. al., 2012). 

Yokochi et. al. (1998) found increase in the cell growth of Schizochytrium limacinum 

SR21as the concentration of the glucose and glycerol rose to 9%. Varying concentrations 

of maltose and glucose were provided in the growth medium of isolate TLU8 in order to 

delineate the optimal concentration of the chosen carbon source. Concentrations higher 

than 0.6% for glucose and 0.4% for maltose were found to be inhibitory for enzyme 

production (Fig 4.6). Lower concentrations of maltose were found to elicit good enzyme 

activity compared to glucose. Maltose at 0.25% in the growth medium was therefore 

selected for all further experiments.  
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Fig. 4.4Effect of carbon source on PFTEactivity 

 

 

Fig. 4.5Effect of carbon sources on PFTE activity (plate assay) 
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Fig. 4.6 Effect of the sugar concentration on the activity in PFTE 
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4.2.3 Effect of different nitrogen sources on enzyme production 

Inorganic nitrogen sources are much cheaper than organic ones and the capability of a 

strain to grow on them would be very useful in large-scale cultivation (Raghukumar, 

2008). Nitrogen utilization studies by isolate ONC-T18 as with T. aureum (Bajpai et. al. 

1991), led to the conclusion that  thraustochytrids were capable of using organic, 

elemental as well as inorganic sources of nitrogen and ammonium for production of  the 

proteins and nucleic acids necessary for cell division)  (Burja et. al., 2006). 

 The enzyme activity was first measured in the CS to study the effect of different nitrogen 

sources in the growth medium (Fig 4.7). But for the few exceptions (mentioned above), 

most thraustochytrids have been found to be inefficient at utilizing inorganic nitrogen 

sources such as ammonium and nitrate (Raghukumar, 2008; Bahnweg, 1979). According 

to Jain (2005) also, thraustochytrids are not known de-nitrifiers and hence cannot utilize 

inorganic sources. Isolate TLU8 too could not grown on any of the inorganic sources that 

were supplied in the medium for growth (data not shown). It was routinely observed that 

medium containing peptone (or yeast extract, to a lesser extent) as the sole nitrogen 

source supported maximum growth. Sodium glutamate which is reported as an excellent 

nitrogen source for many thraustochytrids (Raghukumar, 2008; Singh et al., 1996; Singh 

and Ward, 1997a) was not found to be utilized by this isolate (data not shown). Urea 

(0.2%) appeared to enhance the enzyme production as monitored in CS (Fig 4.7). This is 

despite the fact that the medium containing urea as the sole nitrogen source did not 

produce any visible growth. It has been reported that several strains of thraustochytrids 

belonging to the genus Thraustochytrium, Aurantiochytrium and Schizochytrium are 

potential urease producers, which would mean that they might be able to utilize urea as a 
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Fig. 4.7 Effect of nitrogen source(activity in CS) 
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nitrogen source for growth (Taoka et. al. 2009). Our results on isolate TLU8 might 

therefore perhaps imply that the isolate did not produce urease. Similar results as that in 

CS were obtained for the activity in PFTE. None of the other numerous sources tested, 

except peptone/ yeast extract or peptone + yeast extract, could support enzyme production 

(data not shown). Kanchana et.al. (2011) have reported that maximum lipase production 

by isolates TZ and was also supported by a suitable combination of peptone and yeast 

extract in the growth medium. 

Media containing both peptone and yeast extract were found to induce the best 

endoglucanase activity in PFTE as compared to the option of any one of the two (Fig 4.8). 

The ideal time for harvesting the enzyme would be at 3-5 days, since the activity started 

declining thereafter. 

Out of the two nitrogen sources, the concentration of yeast extract in the medium was 

optimised first to elicit maximal activity in PFTE in the presence of 0.3 % peptone. The 

optimal concentration of yeast extract worked out to 0.1 % (Fig 4.9), which was the 

normally adopted concentration in MV medium. 

Using 0.1% yeast extract and varying peptone concentrations in the growth medium, it 

was found that the enzyme activity increased up to the 5
th
 day after incubation and that 

maximal activity was elicited at a peptone concentration of 0.3 % (Fig 4.10). 

For all further experiments, therefore, a peptone concentration of 0.3% was used in the 

growth medium containing 0.1% yeast extract. 
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Fig. 4.8 Effect of nitrogen source (activity in PFTE) 

 

 

Fig. 4.9 Effect of yeast extract concentration (activity in PFTE) 
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Fig. 4.10 Effect of peptone concentration and harvesting time (activity in PFTE) 
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4.2.4  Size of the inoculum  

The inoculum at a level of 1% (v/v) was found to be optimum for obtaining high yield of 

the enzyme (Fig 4.11). Higher inoculum size does not necessarily lead to higher enzyme 

production. In fact, as commented by Rahman et al. (2005) higher inoculum sizes could  

actually result in oxygen and nutrient depletion in the culture media. 

 

4.2.5 Time course for enzyme production in relation to growth 

Nagano et al (2011) while testing several ATCC strains of thraustochytrids found that 

they were in their late exponential or early stationary phase after 5 days of incubation. In 

the case of our isolate TLU8, endoglucanase activity paralleled the growth pattern, 

highest activities being obtained at the onset of the stationary phase of growth (Fig 4.12). 

The log phase was noted to be initiated by 24 h of incubation. Maximum growth was 

observed by 72 h of incubation in the optimized growth medium. The activity dropped 

drastically at 120 h (5days), which also marked the beginning of the death phase.  

 

In summary the optimization of the growth conditions for thraustochytrid isolate TLU8 

resulted in a marginal increase in the endoglucanase activity. The use of natural sea water 

and lower levels of sugar in the optimised medium could serve to bring down the cost of 

production of cellulase by these organisms. 
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Endoglucanase activity at 1.0% (v/v) inoculum was taken as unity and the relative activity with each 

inoculum size usage was plotted with respect to it. Results are the mean of three independent 

determinations. 

Fig. 4.11Effect of inoculums size(activity in PFTE) 
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An ‗enzyme‘ generally consists of one or more polypeptide chains, each folded upon 

itself and forming a macromolecular assemblage with a well- defined structure. Some of 

the typical physico-chemical characteristics of enzymes studied include homogeneity, 

absorbance index, active site concentrations, isoelectric points, ultraviolet (UV) 

absorbance, fluorescence, subunit compositions, amino acid composition and sequences, 

peptide maps, etc. (Furlan and Pant, 2005). 

Most of the industrial applications involving enzymes demand that the enzyme works at 

extreme conditions of temperature, pH and many a times in the presence of metal ions, as 

the enzymatic processes are often used as intermediate steps in conjunction with the 

traditional use of physical and chemical processes to get a high end product yield.  An 

understanding of factors influencing the activity of enzymes is therefore imperative in the 

control and manipulation of products of the enzymatic reactions (Furlan and Pant, 2005). 

Reaction time is crucial in assessing the viability of an enzyme for its industrial 

applications. For example, requirements of long reaction times coupled with the high cost 

of the use of white rot fungi and the lignocellulosic enzymes from them are reported as 

some of the drawbacks in the degradation and detoxification of organochloride 

compounds (present in industrial effluents), despite their promising catalytic properties 

(Furlan and Pant, 2005). The optimum pH of action of the enzyme depends on the nature 

and ionic strength of the buffer as well as the temperature. The optimum operational pH is 

also often a compromise between the effects on the enzyme activity and enzyme stability. 

Inhibitors and inducers can affect the velocity of the enzyme catalysed reaction. Inhibitors 

may react with the apoenzyme, co-factors, substrates, inducers or intermediate products of 

the enzymatic reaction. Some specific compounds such as EDTA, cyanide, sulphide and 

CO would inhibit many enzymes containing Fe
2+

, Fe
3+

, Mn
2+

, Co
2+

, Cu
2+

, etc as essential 

cations (Furlan and Pant, 2005). 
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In this Chapter the ―cellulase‖ activity from one thraustochytrids isolate (TLU8) has been 

characterized for a better understanding of the nature, effectiveness and the suitability of 

these enzymes for commercial purposes and of how they would help the cell perform its 

ecological role. 

5.1 MATERIALS AND METHODS 

The PFTE preparations from the thraustochytrid isolate TLU8 were obtained and the 

respective assays performed as described in Chapter 3. The assays were carried out in 

replicates and each data set is a representation of two to three (sometimes several) 

independent experiments, all the results being presented as mean ± S.D. 

5.1.1 Enzyme concentration studies 

Endoglucanase activity was assayed under the standardized assay conditions, at pH 5 as 

well as at pH 7, over a range of enzyme concentrations of the PFTE, following the 

procedure of Miller (1959). 

5.1.2 Time course of endoglucanase assay 

The assay was carried out at 50°C and pH 7 over different reaction time periods. 

5.1.3 pH effects on the enzyme activity and stability 

Endoglucanase activity was assayed at different pH values ranging from 3 to 9 using  

acetate buffer (50 mM) for  pH 3.0 - 5.5, phosphate buffer (50 mM) for pH 6.0 -7.0 or 

borate buffer (50 mM) for pH 8.0 -9.0, for a reaction time of 45 min. 

 

For stability studies, the enzyme preparation was treated for 15 min at RT at different pH 

values ranging from 3 - 9 using acetate, phosphate and borate buffers as specified above. 
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The residual endoglucanase activity in the treated PFTE was measured under the 

standardized assay conditions, with the untreated enzyme serving as control. 

5.1.4 Temperature effects on enzyme activity and stability 

Endoglucanase activity was assayed at different temperatures ranging from 30 to 90°C, 

for a reaction time of 45 min and pH 5.5(acetate buffer, 50mM). 

 

For thermal stability studies, the PFTE was treated for 15 min at different temperatures 

ranging from 40°C to 90°C, centrifuged to remove the precipitated protein and the 

residual enzyme activity in the supernatant was assayed at pH 5.5 as well as at pH 7.0. 

Activity of the untreated enzyme served as control. 

 

Further, stability of the enzyme at 40°C and at RT was studied by incubation for different 

time periods. The enzyme assay was then carried out as routine at pH 5.5 and 50°C. 

 

The effect of lower temperatures was studied by assaying the enzyme activity at 5°C, 

20°C and 28°C, maintaining all the other conditions as standardized. 

5.1.5 Substrate concentration studies 

Endoglucanase activity was determined by carrying out the reaction with varying 

concentrations of CMC (0- 25 mg/ml) under the standard conditions of assay. Appropriate 

substrate blanks were maintained for each concentration. 
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5.1.6 Effect of NaCl 

The endoglucanase actvity was measured in the presence of varying concentrations of 

NaCl (0-5%) under the standard conditions of assay. 

5.1.7 Glycoprotein staining 

Native PAGE was run with equal amounts of enzyme protein. The gel was overlayed over 

a CMC-agar gel for 1 h for the development of the zymogram; after which the gel was 

stained for glycoprotein using Schiff‘s reagent (appendix II). The staining of the gel was 

carried by the method of Doerner and White (1990). 

 

5.2 RESULTS AND DISCUSSION 

Characterization of the cellulase activity in PFTE was carried out primarily in order to 

understand its potential for industrial applications, apart from the special academic 

interest in the properties of this enzyme in relation to thraustochytrids as a source. 

5.2.1 Effect of enzyme concentration 

Enzyme concentration studies are central to the designing of any enzyme assay to ensure 

that the activity is proportional to the amount of the enzyme added. This would facilitate 

optimal detection of the activity through the assay procedure followed and obliterate the 

possibility of underestimation of the specific activity by the inadvertent use of high 

concentrations. 

The dependence of the reaction rate on increasing concentrations of the enzyme over a 

specified period of time was therefore studied under conditions where the reaction 

velocity was independent of the substrate concentration. 
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Under the standard assay conditions the activity in PFTE was found to be linear at least 

up to the 0.14 mg protein tested, at pH 5 as well as at pH 7 (Fig 5.1). All further assays 

were hence carried out selecting protein concentrations from this linear range. The 

linearity obtained also confirmed that the estimation was truly enzyme-dependent and 

ruled out possible artefacts of the measurement procedures. 

5.2.2 Time course of assay 

The importance of studying the time course of any enzymatic reaction lies in the fact that 

the calculation of the rates of the reaction becomes reliable only when the change in 

substrate/ product concentration is linear with time. Progress of the enzyme activity was 

therefore studied over a range of reaction time periods. The enzyme assay was carried out 

at 50°C and pH 7. 

The endoglucanase activity appeared to be linear up to about 90 min of incubation (Fig 

5.2). A reaction time of 45 min was chosen for all further experiments. 

5.2.3 Effect of pH on enzyme activity and stability 

a) pH optima 

A series of several preliminary experiments carried out to evaluate the optimum pH for 

endoglucanase activity indicated that there could well be a broad pH optimum in the 

range of pH 5-7. 

Final confirmatory experiments have resulted in the data represented in Fig 5.3, 

identifying pH 5.5 as the optimal pH for the endoglucanase activity. 

All further assays were henceforth  carried out at this pH, unless otherwise mentioned. 

Previous studies from this laboratory on proteases and lipases from the isolates TZ and 

AH2 (Kanchana, 2007) reveal that the proteases had pH optima of 8.0 and 9.0,      
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Fig 5.1 Enzyme concentration curve 

 

 

Fig 5.2 Time course of endoglucanase activity 
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#Error bars that are not seen are those that are smaller than the symbols used 

Fig 5.3 Effect of pH 
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respectively, while the optimum pH value for lipolytic activity in both the isolates was 

found to be 9.0 (Kanchana et.al, 2011). While cellulase activity with an alkaline pH 

optimum would be preferable for use in the detergent and pulp bleaching industry, the 

denim industry would favour a cellulase active at neutral or acidic pH. 

Activity staining for endoglucanase was carried out at pH 5 as well as pH 7 by the gel 

overlay method, followed by staining with Congo Red (Fig 5.4). The gels with clearance 

bands were compared with their silver-stained native-gel counterpart to locate the protein 

band of interest. 

The zymogram depicted  endoglucanase  activity bands at both pH 5 and pH 7 which co-

migrated as seen on both the gels, suggesting that identical protein(s) might be 

responsible for the activity at both the pH values. 

b) pH stability 

When PFTE was subjected to a 15 min pre-incubation over a range of pH values and then 

assayed for endoglucanase under the standard conditions (pH 5.5, 50°C), the activity was 

found to be fairly stable over a broad range from pH 5 to pH 8. About 93% residual 

activity was recorded at pH 6 and 81 % at pH 5 (Fig 5.5), with reference to that of the 

untreated ―control‖, taken as 100 %.  The enzyme activity was found to enhance with 

treatment at pH 7, 8 and 9. Considerable drop in activity was found under strongly acidic 

conditions. 

The pH stability in the alkaline range is of immense importance for industrial applications 

of cellulases, particularly in the detergent, textile and pulp bleaching industry. 
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a  b  c 

arrows indicate the activity bands on zymogram 

Fig 5.4 Zymogram showing endoglucanase activity at pH 5 and 7.  

a: Activity at pH 5; b: Native-PAGE profile; c: Activity at pH 7 

 

 

Fig 5.5 pH stability 
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5.2.4 Effect of temperature 

The effect of rising assay temperature on the enzyme activity was studied by carrying out 

the reaction at different temperatures ranging from 30-90°C under the otherwise standard 

assay conditions. The study carried out at acidic as well as at neutral pH (5.5 and 7) 

showed that while 50 °C was the optimal temperature at both the pH values, the activity 

did not decrease to a large extent until the assay temperature rose beyond 60°C (Fig 5.6). 

As the temperature rises, with the increasing kinetic energy, the number of collisions of 

substrate and enzyme molecules per unit time also increases, resulting in a higher activity. 

The activity beyond the ‗optimum‘ temperature invariably signifies thermal denaturation 

of the enzyme protein, leading to inactivation (Battestin and Macedo, 2007; Dixon and 

Webb, 1979). The data in Fig 5.6 match this concept to perfection and imply thermal 

denaturation setting in beyond 50-60°C. The biopolishing process of cotton in the textile 

industry ideally requires cellulases stable at high temperature close to 100°C (Ando et. al., 

2002). The enzymes currently in use for this purpose, however, have been found to be 

optimally active only up to 50–55 °C ( Rakshit, 2006). 

An Arrhenius plot was attempted based on the data on the temperature effect. Two sharp 

breaks were observed around 20 °C and 40 °C at both pH 5 as well as pH 7. Dickson and 

Webb, 1979 have dealt with in detail the reasons underlying bi phasic Arrhenius plot such 

as Fig 5.7 would only serve to highlight the presence of mixed cellulases in our 

preparation. 
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#Error bars that are not seen are those that are smaller than the symbols used. 

Fig 5.6 Effect of temperature on endoglucanse activity 

 

 

Fig 5.7Arrhenius Plot 

 

 

 

0

0.02

0.04

0.06

0.08

0.1

0.12

30 40 50 60 70 80 90 

E
n

d
o

g
lu

ca
n

a
se

 a
ct

iv
it

y
 (

U
/m

l)
 

Assay temperature (°C) 

pH 5.5

pH 7.0

0

0.5

1

1.5

2

2.5

270 280 290 300 310 320 330 340

lo
g 

V
0

  

1/T (°K -1 ) 

pH5.5

pH 7



121 
 

5.2.5 Thermal stability studies 

Thermal stability of the enzyme was analysed for a 15min treatment at pH 7 and 

temperatures ranging from 40°C-90° C (Fig 5.8). It was observed that the enzyme protein 

remained without any loss of activity with heat treatment up to 40 °C. 

It was observed that 58% of the activity was retained at pH 5.5 after incubating the 

enzyme at 50°C for 15 min while only 4% activity was retained after treatment at 60°C.  

At pH 7.0, 79% activity was retained after treatment at 40 or 50°C, which sharply dipped 

to 10% for 60°C.  Activity of the untreated enzyme served as control (0.089 U/ml and 

0.048 U/ml, respectively, at pH 5.5 and 7.0). The activity at pH 5.5 was in fact found to 

increase marginally with 15 min treatment at 40°C suggesting the possibility of 

degradation of some inherent inhibitory substance during the heat treatment. While 

enzyme stability beyond 50°C did not warrant further attention, it was considered 

necessary to confirm the extent of stability at 40°C, for a possible exploitation as a step 

during enzyme purification whereby at least some, if not all, of the non-specific protein in 

the crude sample could be eliminated. As shown in Fig 5.9, the activity was found to be 

stable for about 20 min of treatment at 40 °C and 68% of the activity was retained even 

after 1 hr incubation at 40°C. 

5.2.6 Activity at low temperatures 

For cellulose saccharification during industrial bioethanol production, the slurry is 

routinely hydrolyzed by heating up to a temperature of 60–70 °C, leading to increased 

energy consumption and higher production cost (Ueda et.al. 2010). The use of enzymes in 

this industry would therefore appear profitable. The cellulases of the industrially 

acclaimed fungal and bacterial sources of cellulase, however, are less active at lower 

temperatures. The use of the cold adapted cellulase complex with yeast 
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Fig 5.8 Thermal stability 

 

 

#Error bars that are not seen are those that are smaller than the symbols used 

Fig 5.9Thermal stability at 40 °C 

 

0

0.02

0.04

0.06

0.08

0.1

0.12

R
el

a
ti

v
e 

A
ct

iv
it

y
 (

%
) 

Treatment temperature (°C) 

pH 5.5

pH 7

0

20

40

60

80

100

120

10 30 50 70 90 110

R
el

a
ti

v
e 

A
ct

iv
it

y
 (

%
) 

Treatment time ( min) 



123 
 

to produce ethanol directly from cellulosic material at low temperature could serve as an 

important step towards the efficient production of biofuels from cellulosic waste at low 

temperatures (Cavicchioli et.al, 2011). 

Recently, Ueda et. al. (2010) reported a novel cold-adapted CMCase from the earthworm 

E. foetida which was active at 15°C with an activity of 44% of that obtained at its optimal 

temperature of 40°C. Enzyme activity from our isolate TLU8 was analyzed at low 

temperatures and the relative activity (with respect to that at the optimal temperature of 

50°C) was determined (Fig 5.10). The relative endoglucanase activity was 43% at 20°C 

and even at a low temperature of 5°C, 26% of the activity was expressed. 

5.2.7 Stability at room temperature 

The enzyme was found to be fairly amenable to short storage at room temperature (28°C), 

retaining as high as 60 % of its activity at the end of two days  (Fig 5.11). 

5.2.8 Substrate Concentration studies 

The reaction kinetics was studied employing varying concentrations of CMC under the 

standard conditions of assay (45 min, pH 5.5, 50°C). The high viscosity of CMC 

prevented the use of higher concentrations of the substrate. 

The endoglucanase activity at pH 5.5 and 50°C exhibited typical Michaelis–Menten 

saturation kinetics (Fig 5.12). Lineweaver-Burk plot analysis gave a Km of 2.5 mg/mL and 

Vmax of 0.11 µmol/min mL (Fig 5.13). 

Farinas et. al. (2010) reported a Km value of 40 mg/mL and a Vmax of 4.22 mmol/min mL 

for CMC hydrolysis by endoglucanase from the crude enzyme extract of A. niger at pH 

4.8 and 50°C. A Km of 5 mg/mL and Vmax of 62.5 mmol/min mL for purified   



124 
 

 

 

Fig 5.10 Endoglucanase activity at low temperature 

 

 

Fig 5.11 Stability at room temperature 
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Fig 5.12Effect of substrate concentration on enzyme activity 

 

 

Fig 5.13Lineweaver- Burk plot 
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enzyme from a thermophilic actinomycete has also been reported (Aboul-Enein et. al., 

2010). 

5.2.9 Effect of NaCl on the endonuclease activity 

The effect of NaCl on the enzyme activity was determined by incorporating NaCl at 

different concentrations in the reaction mixture (Fig 5.14). 

The activity was found to be quite stable at 1- 4% NaCl showing 70 - 84 % activity. 

Presence of lower levels of NaCl (0.5%) as well as high concentration (5%) was found to 

be detrimental to the enzyme. 

The activity of bacterial and fungal cellulases is affected at high ionic liquid and/or salt 

concentrations, leading to the need for large quantities of enzymes or extensive washing 

of the recovered product before saccharification, both of which would increase overall 

process costs. The observed halotolerance of our thraustochytrid enzyme is noteworthy in 

this regard and is a desired property for industrial applications. 

5.2.10 Glycoprotein staining 

Several studies carried out on cellulases from different sources have reported them to be 

glycoproteins. Glycoprotein staining using Schiff‘s reagent was therefore carried out to 

investigate into a possible glycoprotein nature of the enzyme of interest and more so since 

the activity was found to be mainly pellet associated. Concanavalin A, used as a standard 

for glycoprotein, was stained pink. Fuzzy pink bands were observed prominently in the 

CS (lane 3) while they were very light in the pellet extracts (Fig 5.15, lanes 1 & 2, 

containing unwashed and washed pellet preparations, respectively). In any case, these 

bands did not correspond in position to the  
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Fig 5.14 Effect of NaCl 

 

 

 

a  b 

Lane1: unwashed PFTE, Lane 2: washed PFTE, lane 3: CS, Lane 4: Concanavalin A (std) 

Fig 5.15 Glycoprotein staining of different enzyme preparations.  

a: zymogram; b: glycoprotein stained gel 
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endoglucanase activity bands, implying that the enzyme of interest was not a 

glycoprotein. 

5.2.11 β-glucosidase Activity 

β-glucosidases are a prominent class of enzymes and catalyze cellulose degradation by 

acting synergistically with cellobiohydrolase and endoglucanase. β -Glucosidase acts on 

cellobiose, producing glucose and thereby reducing cellobiose inhibition of 

endoglucanase. 

Since the procedure being followed for endoglucanase assay is based on the estimation of 

reducing sugars, it would also measure the sugars resulting from any β-glucosidase 

activity that might be present. β-glucosidase activity was therefore assayed for in PFTE 

by using pNPG as the specific substrate, as described in Chapter 3. The activity was found 

to be linear at least up to about 0.14 mg protein (Fig 5.16) under the assay conditions of 

pH 5.5 and 50°C for a 30 min reaction time identified as optimum (Fig 5.17). This proved 

that the conditions of assay adopted for the β-glucosidase detection (Chapter 3) were ideal 

for detection of the activity and that these conditions could therefore be adopted for β-

glucosidase detection during the purification steps of the cellulase (Chapter 7). 

The study of the characteristics of endoglucanase activity in the PFTE led to valuable 

revelations on the properties of cellulases from thraustochytrids. The results indicated the 

potential of these isolates for certain if not all industrial applications that exploit the 

catalytic property of cellulases to advantage. In the wake of minimal reports available on 

the properties of the cellulases from thraustochytrids, the results from such an endeavour 

appeared to be rewarding. 
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Fig 5.16 Enzyme concentration for β-glucosidase Activity 

 

 

 

Fig 5.17Time course for β-glucosidase Activity 
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Research on cellulases has assumed an important place in the current research scenario 

owing much to the realisation of its potential in the biofuel industry for processing 

cellulosic biomass. The use of microbial cellulases in food, animal feed, fermentation, 

agriculture, pulp and paper, as well as textile applications has been continuously 

improved upon and developed over the last thirty years (Kuhad et. al., 2011). The 

potential of the cellulases from thraustochytrids in industrial applications has hardly 

been investigated or reviewed before. The study of the application of cellulases from 

thraustochytrids for various industrial requirements would be of interest, knowing that 

these marine protists must possess a complete cellulase system which they use in the 

degradation of marine detritus. 

Cellulases existing as multiple enzymes with synergistic action, are not only difficult to 

be purified into their individual activities but also render the application of these 

individual activities to industry as inappropriate, owing to the simple fact that only the 

synergistic action of enzymes could bring about a conversion into useful products. 

Therefore in the present study, PFTE preparation is used as a source of enzyme for 

investigations on their efficacy in applications for different industrial purposes. 

6.1 MATERIALS AND METHODS 

Enzyme preparations of PFTE and CS were obtained as detailed in Chapter 3 were used 

for the experiments mentioned below.   

 

6.1.1 Tests on Cotton Fabric 

Hand- washed white cotton fabric swatches (6x6 cm, pre-weighed) were incubated at RT 

with 10 ml of PFTE (0.7 U/ml) in acetate buffer (0.05M, pH 5.5) in a non-agitated 

system.  Appropriate controls were maintained. 
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At the end of 3 days of enzymatic treatment, the swatches were washed twice in hot 

distilled water to deactivate the enzyme and then air-dried, ironed and weighed.  Weight 

loss of samples after cellulase treatment was expressed as the ratio of the weight 

reduction upon treatment to the initial weight (Saravanan et. al., 2013). The turbidity of 

the supernatant collected at the end of three days was monitored at 660 nm for 

comparison of the extent of release of insoluble/ soluble particles from the fabric before 

and after the treatment. 

6.1.2 Bio-stoning 

Denim swatches (6x6 cm) were treated with 10ml each of the crude enzyme (0.7U/ml) 

or commercial cellulase (ONAZUKA, diluted preparation, 0.7 U) and incubated for 24h 

at pH 5.5 (acetate buffer, 50mM) or pH 7.0 (phosphate buffer, 50mM).  Appropriate 

buffer and enzyme controls were maintained at both pH values. The amount of the 

indigo dye released into solution was determined from the absorbance at 370 nm (Zhao 

et. al., 2012).  

6.1.3 Removal of mud stain 

Cotton swatches (6x6 cm, oven-dried) were stained with approximately 0.25g of 

mangrove area mud, spread as a circle of 2 cm diameter. The mud stained swatches were 

then immersed in 10 ml of the treatment solution /tap water for 1h.  The individual 

treatments carried out were as follows: 

1. Fabric +Commercial cellulase (ONAZUKA)  

2. Fabric + PFTE enzyme + buffer  

3. Fabric +Tap water  
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4. Fabric + Commercial detergent (Ariel) 

5. Fabric + Enzyme + heat-treated detergent (Ariel) 

The enzyme (crude/commercial) concentration in all the treatments was such that it had 

an activity of 0.7 U. 

After treatment the swatches were washed with hot distilled water, ironed and visually 

compared to gauge the removal of mud from the stained cotton fabric. 

6.1.4 Protoplast isolation 

Fresh alga, Ulva fasciata, was collected from Vagator beach, Goa, India and washed 

thoroughly in filtered seawater. The alga (0.5g) was surface-sterilized with 70% alcohol, 

washed with sterile ASW, cut into approximately 2x2 mm pieces and incubated in a 

petri dish (60 × 15 mm) in solution I ( Appendix II) for 3 h. It was then washed several 

times with 60% ASW to remove EDTA. The algal pieces were treated with different 

combinations of the enzyme mixture (5ml) as mentioned in Table 6.1 and incubated for 

3, 6, 9 or 12 h in the dark at 22 ± 2 °C, on a rotary shaker (15–20 rpm) set to gentle 

swirling. At the end of each time period, 1 ml of the surrounding medium was 

withdrawn from each petridish and centrifuged at 190 x g for 5 min. A large portion of 

the supernatant was discarded while around 200µl of the lower portion of the 

supernatant was retained in the tube. MES buffer (20mM) with mannitol (0.7M) at pH 

6.8 was added to the contents of the tube, mixed and observed under the microscope to 

check for the formation of protoplasts.  

All the solutions used were sterile and the procedure was carried out under aseptic 

conditions.  
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Table 6.1 Different combinations of enzyme treatments used for protoplast 

formation 

Label Treatment 

T1 Enzyme extract 

T2 Enzyme extract + Macerozyme R–10 (2%) 

T3 

Enzyme extract + Cellulase Onozuka R–10 (4%) + 

Macerozyme R–10 

T4 Cellulase Onozuka R–10 (4%) + Macerozyme R–10 

 

6.1.5 Growth on cheap and natural Substrates 

Different commercially or otherwise available natural lingo-cellulosic materials such as 

sawdust, rice bran, wheat bran and rice straw were added (0.25% w/v) to MV medium 

(both with and without glucose) to check for the ability of the isolate TLU8 to grow on 

them and produce endoglucanases. 

To study its ability to utilize substrates native to the mangrove environment, the isolate 

was grown in the presence of decaying black leaves, fallen yellow leaves, mangrove 

sediment collected from the sampling site and also with algae (Ulva fasciata) from 

Vagator beach, Goa (in view of the agarolytic activity of the isolate as noted in Chapter 

2). These substrates (0.25%, w/v) were provided in the growth medium as the sole carbon 

source. The production of endoglucanase enzyme in the CS was monitored at specific 

time intervals for a period of 9 days. An appropriate control was also maintained. 
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6.1.6 Use in paper and pulp industry 

The de-inking process of paper pulp was carried out according to Saito et. a1. (1994). 

Waste newspaper (6 g) was cut into pieces of 2 cm x 2 cm size and wetted in  300 ml of 

phosphate buffer (pH 7, 0.05M). It was left undisturbed at 50 ° C for 45 min. The 

mixture was pulped in a mixer-grinder and the pulp slurry was used for the de-inking 

experiment. 

The enzyme preparation (10 ml, 0.86 U) was added to 20 ml of the pulp slurry and 

incubated for 24h at 40 ° C. The mixture was sieved through a wire gauze to recover the 

pulp. The pulp was then suspended in 200 ml of deionized water, filtered and washed 5 

times to remove ink from the pulp. The pulp was once again filtered dry and used to 

make paper using a home-made mould. An appropriate control was maintained and 

treated the same way, except for the addition of enzyme. 

The brightness of the papers thus made was compared visually after air drying. 

 

6.2 RESULTS AND DISCUSSION 

Preliminary investigations were carried out as follows with respect to the application of 

these cellulases in textile, laundry, protoplast isolation, paper and pulp industry and 

briefly in relation to their likely ecological role. 

6.2.1 Tests on Cotton Fabric 

The textile industry needs cellulases that are active at neutral and alkaline pH values, 

have short reacting time, do not compromise on the strength of the fabric and have good 

finishing properties (Jabasingh and ValliNachiyar, 2011). 
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Cellulose is made up of a highly ordered crystalline region and a less structured 

amorphous region which is generally responsible for the fuzziness and pilling observed 

in cotton fabric (Jabasingh and ValliNachiyar, 2011). The use of cellulases in treatment 

of cotton in the textile industry is an environment friendly way of improving qualities of 

the fabric such as softness and retention of the original color and brightness, without 

compromising on the strength of the fabric. Anish et. al. (2004) have commented that a 

single type of cellulase, preferentially endoglucanase, may probably be sufficient for 

degradation of amorphous cellulose, with minimum weight loss. In the present study, 

after the treatment the cotton fabric appeared brighter and smoother on the surface as 

compared to the control (i.e., that without the enzyme treatment).  This observation 

could, as Jabasingh and ValliNachiyar (2011) suggest, be attributed to the removal of 

protruding fibres which woud impart a smooth appearance and the defibrillation of 

cotton fibres which would alter their moisture absorption properties. 

 

The effect of the PFTE enzyme on cotton fabric was observed after incubating the fabric 

in buffer solution containing the enzyme (Fig 6.1). The solution that contained enzyme 

showed visible turbidity around the fabric (Fig 6.2) indicating the release of loose-bound 

surface bio fibrils of cotton and confirming the activity of cellulase. The turbidity in the 

solution as measured at the end of the treatment is reported in Table 6.2. 

Scouring is the removal of non – cellulosic impurities that can interfere in the process of 

dyeing or finishing of the fabric. This process often employs the use of alkali such as 

NaOH (Arau´ jo et al., 2008). The use of chemicals for the purpose, however, is  
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A   B 

Fig 6.1 Bioscouring of cotton fabric 

A: incubation with buffer, B: incubation with PFTE enzyme 

 

                                                                 A                  B 

Fig 6.2 Bioscouring of cotton  

A: without enzymatic treatment B: after enzymatic treatment 

Turbidity after 

incubation with the 

enzyme 
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Table 6.2 Turbidity estimate for different treatments 

Treatment Abs 

660nm 

Control (no enzyme) 0.05 

Control (no fabric) 0.07 

Enzyme (0.7 U) 1.98 

NaOH 0.07 
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detrimental to the environment (because of the polluted resultant waste water) and to the 

strength of fabric involved. Enzymatic bioscouring, on the other hand, is carried out at 

neutral pH and minimizes the undesired effects on the fabric and the environment. The 

effect of the enzyme treatment in the present study was therefore compared to that after 

NaOH treatment and it appeared that the former worked better on the fabric in the 

removal of ‗pills‘, as revealed by the higher turbidity produced in the surrounding 

solution after treatment. 

Enzymatic degradation of cotton is generally characterised by weight loss of the fabric 

(Csisza´r et.al. (2001) mainly due to the action of endoglucanases on the amorphous 

region, which removes the loose microfibrils (Jabasingh and ValliNachiyar, 2011).  

Weight loss is suggestive of significant degradation of the surface fibrils, small fibres, 

water-extractable materials and other natural impurities. In the present study the weight 

loss in bio-treatment of cotton fabric in the non-agitated system using 1mg/ml enzyme 

(0.7 U) for 48 h was 2.04%.  Saravanan et. al. (2013) reported a maximum of 7.1% 

weight loss and 3.3 % as the least value in experiments with the use of crude cellulase 

enzyme for biopolishing of cotton fabric samples. Csisza´r et. al. (2001) found that 

treatments in buffer solutions without enzyme resulted in approx. 0.5% weight loss in 

4h. In our study there was no notable weight loss with the treatment of buffer, probably 

because pre-washed (and hence de-starched) cotton fabric was used to start with. 

Csisza´r et. al. (2001) also reported a good correlation between the weight loss of cotton 

and the quantity of liberated reducing sugars measured in the solution, confirming that 

the weight loss was indeed due to the action of the enzymes. They also reported that 

weight loss values were much higher in agitated solutions than in nonagitated ones. 

Agitation systems also result in the production of insoluble cellulose powder after the 

treatment which was not observed in case of the non-agitated system used in the present 
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study. Insoluble cellulose powder is the insoluble particulate matter that is produced 

sometimes due to action of the cellulase on cotton fabric. We could therefore expect our 

enzyme to function better if such condition as mechanical agitation were provided for 

the process. 

6.2.2 Bio-stoning 

‗Ageing‘ of denim fabrics refers to the non-homogeneous removal of the indigo dye 

trapped inside the fibres of the fabric, giving the fashionable contrast of various shades 

of blue. Traditional methods of stone-washing involve the application of high levels of 

mechanical friction with the use of pumice stones to produce strong mechanical abrasion 

of fibre surfaces, thereby releasing the indigo dye to produce the stone-washed effect. 

However, the use of cellulase enzymes (total crude enzyme or endoglucanase-rich crude 

enzyme) to expose the inner fibre layers of the fabric and thereby release the dye, also 

produces the required effect (Cavaco-Paulo, 1998). 

 

‗Bio-stonewashing‘ is thus the treatment of cellulose-containing fabric (generally 

indigo-dyed denim) with a cellulase solution under agitating and cascading conditions, 

i.e., in a rotary drum washing machine, to impart a ―stonewashed‖ appearance to the 

denim (Winetzky, 2003). The potential application of cellulases in our PFTE enzyme for 

biostoning of denim in textile industry was studied and the results of different enzymatic 

treatments are as shown in Table 6.3. 

Recent studies indicate that the ability of cellulase enzymes to be strongly adsorbed on 

cotton substrates appears to be the main cause of backstaining (Cavaco-Paulo,1998). 

Mechanical action and the use of detergents in the process  
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Table 6.3 Release of dye from denim 

Preparation Enzyme (U) Abs 370 nm 

Control (pH 5.5) - 0 

PFTE Enzyme (pH 5.5) 0.7 0.295 

Commercial cellulase –ONAZUKA (pH5.5) 0.7 0.145 

Control (pH 7) - 0 

PFTE Enzyme (pH 7) 0.7 0.416 

Commercial cellulase-ONAZUKA (pH 7) 0.7 0.250 
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therefore reduce back staining of the dye onto the denim by desorbing the enzyme from 

the fabric. Indigo staining has also been found to be reduced by the use of proteases 

which prevent the enzyme binding during washing (Cavaco-Paulo, 1998). The presence 

of protease in the crude enzyme extract could also be preventing the enzyme binding 

during the wash process. Experimental evidence indicates that Humicolainsolens 

enzymes (neutral) gave less dye repositioning than Trichoderma reesei enzymes (acid) 

when used in the washing of denim fabric, suggesting that pH is the major factor in 

controlling backstaining (Cavaco-Paulo et. al., 1998). Incidentally, our isolate TLU8 

also happens to be a protease producer (data not shown). 

In the present study, higher readings for dye release were obtained in the solution after 

treatment with the PFTE enzyme. The dye seemed to be more effectively released at 

neutral rather than acidic pH. This could also be due to the lesser amount of back-

staining of the dye onto the fabric at neutral pH. 

 

Endoglucanase is mainly responsible for an effective indigo dye removal and weight loss 

from denim (Zhaoet. al., 2013, Heikinheimo et al., 2000). In the present experiment the 

enzyme preparation used to treat denim was noted to have an endoglucanase activity of 

0.7 U. 

 

A. Removal of mud from Cotton fabric 

More recently, cellulases have been incorporated in detergents to remove dirt and pills, 

reducing the fuzzy appearance and restoring lustre and color brightness. The most recent 

innovation in the detergent industry is the use of psychrophilic enzymes able to work 

effectively in cold water, allowing the save of energy (Cavicchioli et. al., 2002; Arau´ jo 

et. al., 2008). 
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Detergents, a primary application of cellulase, operate generally under alkaline 

conditions owing to which there is a strong demand for cellulases which have excellent 

activity at pH 8—11.5. 

 

The effectiveness of the PFTE enzyme in the removal of mud from cotton was tested 

and it was found that the treatment with enzyme + detergent was most effective in the 

removal of mud from the fabric, followed by others in the order enzyme>detergent> 

commercial cellulase> tap water (Fig 6.3). The use of PFTE enzyme in itself yielded 

better results than the use of commercial enzyme. The pH stability of this endoglucanase 

(vide Chapter 5) was found to extend up to pH 9. It was thus noted that the use of our 

enzyme with the commercial detergent did not appear to affect the enzyme activity in a 

detrimental manner suggesting the possibility of the enzyme being useful in the 

detergent industry. 

 

Generally, reaction times favoured for the use in detergent industry are from about 5 min 

to 5 h, preferably from 10 min to 3 h, and more preferably, from about 20 to 1h 

(Winetzky, 2003). In the present study the reaction time of the application of the enzyme 

preparation to the mud stained fabric was in the most preferable range of  
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1: Tap Water, 2: Commercial cellulase, 3: Detergent, 4: Enzyme, 5: Enzyme + detergent  

Fig 6.3 Removal of mud from cotton fabric 
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about 1 h, during which it was found to produce better results than the commercial 

enzyme applied at the same concentration. 

6.2.2 Protoplast Isolation 

Considerable progress has been made in development of methods for isolating and 

culturing protoplasts of macroalgae (Aguirre-Lipperheide et al. 1995). 

The present study showed that protoplasts of Ulva fasciatacould be isolated using the 

PFTE enzyme preparation from isolate TLU8 in mixtures containing the enzyme and 

Macerozyme-R10 (containing 0.5U/mg pectinase, 0.25 U/mg hemicellulase and 0.1 

U/mg cellulase). The protoplasts were found to be spherically shaped, about 10–20 µm 

in diameter with cup-shaped parietal chloroplasts (Fig 6.4) as observed by Uppalapati 

andFujita (2002).Most number of protoplasts were obtained when incubated with 

macerozyme + commercial cellulase. 

The number of protoplasts released in the medium was found to increase with the 

incubation time. For the PFTE enzyme used, the best period of incubation was 12 h. No 

protoplasts could be observed at 3h incubation while at the same time formation of 

protoplast could be observed in the medium containing commercial cellulase and the 

PFTE enzyme. In the medium that contained only the commercial celluase, best results 

were obtined at 6h. 

Since the crude enzyme extract had been previously shown to have some pectinase 

activity (Chapter 2), the alga was incubated in the absence of Macerozyme (containing 

pectinase); protoplasts, however, failed to appear in such a case.  
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Fig 6.4   Protoplast isolation from Ulva fasciata 
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Since even these very preliminary trials at isolation of protoplasts resulted in partial 

success, further refinement of procedures in terms of time of incubation and enzyme 

concentration might easily serve to achieve increased yield and regeneration rate.  

6.2.3 Utilization of Cheap and Natural Substrates 

(i) Industrial implications 

One major application of cellulases lies in the biodegradation of lignocellulosic material 

for the production of simple sugars. The abundance of naturally occurring 

lignocellulosic material could be put to good use if microbial enzymes utilized these 

inexpensive materials in situ to sustain the growth of the organism and also produce 

good levels of reducing sugars. 

 

When various natural lignocellulosic materials such as sawdust, rice bran, wheat bran 

and rice straw were included in MV medium (both in the presence and absence of 

glucose) it was found that as compared to the control, the use of rice straw to supplement 

the growth medium resulted in a higher activity in CS (Fig 6.5).  The hike in activity was 

about 32.7% w.r.t the routinely used growth medium. Glucose was found to be 

necessary to trigger production of the initial levels of endoglucanse. Only 11% of the 

activity observed when grown with rice straw in the presence of glucose was observed in 

the corresponding glucose-free medium. However, the use of rice straw even in the 

absence of glucose elicited 2.8 times higher activity compared to control while the use of 

wheat bran produced the same amount of activity as that of control. This confirmed the 

ability of the thraustochytrid isolate to degrade cheap lignocellulosic material for the 

purpose of growth and production of the enzyme.  
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(ii) Ecological implications 

It would also help to understand the utilization of substrates such as fallen leaves, 

sediment, algae, etc., that are native to the ecological environment of the thraustochytrid 

isolate, in view of reports stating that thraustochytrids could attain comparable biomass 

to those of bacteria and other protists in marine sediments rich in recalcitrant organic 

matter such as sea grass and mangrove detritus (Bongiorni, 2012). The detection of 

cellulase in the growth medium after a certain incubation time is suggestive of the ability 

of thraustochytrids to utilize these natural substrates by production of cellulase to 

degrade the same into useful sugars.  These studies, taken further, may serve to delineate 

the specific role of thraustochytrid cellulases in the well-known detrital-degrading 

activity assigned to this class of organisms. 

The pattern of endoglucanase production was almost identical with respect to the 

enzyme production in normal growth medium (control), peaking at 5-6 days of growth 

when seaweed or sediment material was incorporated in the medium (Fig 6.6). Senescent 

leaves (yellow/black) could induce peak activity only by 7 days. 

An earlier experiment involving isolate TZ (data not shown), also showed utilization of 

substrate native to its ecological environment. Enhanced endoglucanase activity was also 

elicited when grown in the presence of decaying mangrove leaves or sediment from the 

sampling site.  
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Fig 6.5 Utilization of cheap lignocellulosic material for growth 

 

 

 

Fig 6.6 Utilization of natural substrates 
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6.2.4 Pulp and Paper Industry 

The main goals of paper recycling are de-inking and removing pollutant particles, 

without any loss in strength and brightness properties of paper (Efrati et. al., 2013). 

Applicability of cellulase in de-inking of wastepaper pulp was attempted and brighter 

recycled paper was observed with the use of enzyme (10mg, 0.86 U) treatment (Figs 6.7 

&  6.8). 

This initial study could complement a more thorough study involving the standardization 

of factors such as time of treatment and dosage of the enzyme required to produce better 

quality papersheets from recycled waste paper. 

In conclusion, there is indeed a long way to go between laboratory studies and 

successful commercial implementation. It might not be too presumptive, however, to 

state that the present data does mark a small beginning in the application of cellulases to 

desired industrial processes. 
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                                       A                                               B 

Fig 6.7 De-inking of waste paper pulp. 

A: control, B: enzyme treated 

 

 

                                     A                                                          B 

Fig 6.8 Recycled paper made of de-inked pulp 

 A:enzyme treated, B:control 
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Chapter  7 

Partial resolution and 

purification of the 

complex cellulases 

from isolates TLU8 

  



153 
 

The choice of the method of purification of a protein is often based on the purpose for 

which the protein is to be purified and consequently on the amount of the purified protein 

which is required. Purification of an enzyme from a crude enzyme extract is usually 

carried out with the aim of studying its properties and improving the activity. A good 

purification step is therefore one that gives a higher activity and a fairly good yield.  

The potential use of cellulases for oligosaccharide synthesis requires highly purified 

enzymes (Gama et al., 1998). The presence of minor contaminants may significantly 

influence enzyme reaction kinetics (Reinikainen et al., 1995). Chromatography of 

cellulases from Trichoderma many a time resulted in overlapping peaks and co-elution of 

proteins (Filho et al., 2006), often making the quantitative estimation of individual 

components of cellulases difficult. 

Considerable work has been carried out on the purification of cellulases and particularly 

on the purification of those from Trichoderma reesei. The protein microheterogeneity, 

aggregation of the proteins in solution and difficulties in effectively distinguishing the 

enzymes by their specific activity, coupled with the similarity of the physical properties of 

some of the proteins, make it difficult to obtain homogeneous enzymes (Reinikainen et 

al., 1995). Even when homogeneous proteins were obtained, their molecular weight, level 

of glycosylation and specific activity do not always compare well with the characteristics 

of the ‗native‘ ones. The methodologies utilised for measurement and characterisation of 

cellulolytic enzymes have evolved over the years, from the utilisation of complex 

substrates such as filter paper, cotton and CMC, to more homogeneous and simple 

substrates such as bacterial cellulose and chromogenic soluble compounds (Nidetzky and 

Claeyssens, 1994).  
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In this Chapter, a comprehensive scheme followed to purify, compartmentalize and 

characterize the different types of cellulase activity from a thraustochytrid isolate has 

been described.  

 

7.1 MATERIALS AND METHODS  

7.1.1 TLC of hydrolysis products 

Equal amounts of an appropriately diluted enzyme protein were incubated for different 

time intervals with CMC, cellobiose or cellulose powder (1%, w/v) under the standard 

assay conditions. Degradation of filter paper was also carried out as mentioned in 

Chapter 3 (Section 3.1.4.D). The hydrolysis products of CMC, cellobiose, cellulose 

powder and filter paper were observed by thin layer chromatography on Silica Gel 60 

plates (Merck, Darmstadt, Germany) using a solvent system of butanol: acetic acid (1:1). 

The chromatogram was developed for the detection of sugars by spraying with the 

developing reagent (appendix II), immediately followed by heating at 120 
◦
C for 10 min 

(Baron And Economidis, 1963). Mobility of products was viewed in comparison with 

those of standard cellobiose and glucose which were run in parallel. 

7.1.2 Ammonium sulphate precipitation and dialysis 

The crude enzyme PFTE was subjected to fractionation at various levels of ammonium 

sulphate saturation. The precipitated fractions were suspended in minimum amount of 

phosphate buffer (pH 7) and the ammonium sulphate then removed by dialysis at 4°C, 

providing three changes of the same buffer. 
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7.1.3 Ion exchange chromatography 

The dialysed enzyme preparation was loaded on to a DEAE-Sephadex A-25 column 

equilibrated with 0.025 M borate buffer (pH 8.5), the column then washed and the flow 

through collected. Bound proteins were subsequently eluted with a salt gradient of NaCl 

prepared in 0.025M borate buffer (pH 8.0). The protein elution profile was routinely 

obtained by measuring the absorbance at 280 nm using a SHIMADZU UV 

spectrophotometer. Selected fractions were assayed for endoglucanase activity using 

CMC as the substrate by the plate clearance assay as well as the DNS method of reducing 

sugar estimation, as described in Chapter 2. 

7.1.3 Concentration of the fractions 

Active fractions obtained after ion exchange chromatography were pooled separately and 

each pool was concentrated overnight at 4°C using sucrose. 

 

7.1.4 Polyacrylamide Gel Electrophotresis (PAGE) 

Native PAGE of the column fractions was carried out as described in Chapter 3.  

 

 7.1.5 In situ detection of enzyme activity 

The enzyme activity in the chromatography fractions was assessed by in situ detection of 

the activity as detailed in Chapter 3. Development of clear yellow bands on the agar gel 

identified regions of endoglucanase (CMCase) activity. 

 

7.1.6 Gel filtration chromatography 

The various protein pools obtained from the previous stage of purification were loaded 

separately on Seralose CL6B or Sephadex G-100 columns equilibrated in 0.05 M 

phosphate buffer (pH 7). Proteins were eluted as 3ml or 2ml fractions at a rate of 20ml/h. 
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Peptide bond/protein absorbance was measured at 220nm or 280nm and enzyme activity 

was assayed in selected fractions using plate assays as well as by quantitative procedures 

as described in Chapter 2. Active fractions were then pooled separately and concentrated.  

 

7.1.7 Molecular weight determination 

Standard proteins of known molecular weight (Phosphorylase B,  Conalbumin, 

Ovalbumin, β-lactoglobulin, Carbonic anhydrase, α-Chymotrypsinogen and 

Ribonuclease) were loaded individually on the gel filtration columns and the elution 

volume of each was recorded. The molecular weight of the protein of interest was 

estimated from a standard plot of elution volume v/s log molecular weight. 

 

7.1.8. Characterization of the partially purified enzyme 

The 50-90% ammonium sulphate fraction of the PFTE was the ‗partially purified enzyme‘ 

used for study of some of the enzyme characteristics. 

 

 

7.2 RESULTS AND DISCUSSION 

 

7.2.1 Analysis of hydrolysis products of different substrates using TLC 

 

Upon TLC analysis, the major degradation product of CMC by PFTE enzymes (Fig 7.1, 

lanes 1 and 2) appeared to be cellobiose.  The product spot was more prominent when the 

reaction was carried out at pH 5 (lane2), indicating that the enzyme using CMC as 

substrate preferred to function at an acidic pH. This is supported by the experiments on 

pH characteristics of the enzyme as reported in Chapter 5. 
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 1 2 3 4 5 

Lane 1: PFTE + CMC, reaction carried out at pH 7 

Lane 2: PFTE + CMC, reaction carried out at pH 5 

Lane 3: Commercial cellulase + CMC, reaction at pH 7 

Lane 4: Commercial cellulase + CMC, reaction at pH 5 

Lane 5: Cellobiose and Glucose Standards 

 

 

Fig 7.1 TLC of CMC hydrolysis products of PFTE enzyme action 

 

 

 

 

 

 

Cellobiose 
Cellobiose 

Glucose 
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Commercial ‗cellulase‘ degraded CMC into cellobiose and glucose at pH 5 (lane 4) but no 

spots developed in lane 3, depicting its lack of significant activity at pH 7. The 

commercially available enzyme is known to be optimally active at pH 4.5.  Sugar 

standards (glucose + cellobiose) showed clear resolution (lane 5). 

 

Out of the two solvent systems used, a mixture of butanol: acetic acid (1:1) was found to 

resolve the components better compared to ethyl acetate : acetic acid : water (3:2:1). 

Cellobiose and intermediate products were found to have been formed in samples drawn 

after progressive hydrolysis of cellulose powder (Fig 7.2). An increase in the formation of 

cellobiose as one of the products of hydrolysis in ‗filter paper assay‘ was observed with 

time (lanes 3, Fig 7.2), up to the 12h time point tested. Due to the crystalline structure of 

filter paper, its degradation would imply multiple cellulase activities including 

exoglucanase because these enzymes work on the crystalline regions of the 

macromolecule. Filter paper assay gives the total cellulase activity (Dashtban et al., 2010) 

and the formation of cellobiose is therefore indicative of the presence of all the three 

major types of cellulases viz., endoglucanase, exoglucanase and β-glucosidase. The 

increasing formation of spots akin to that of glucose was also observed above that of 

cellobiose in the same lane. Spots that appear to resemble glucose in position were 

observed on the chromatogram when cellobiose was used as the substrate (lanes 4), 

confirming β-glucosidase activity in the PFTE. Such spots resembling the glucose 

location and yet differing slightly in their chromatographic properties with respect to pure 

glucose had been reported by Singh et. al. (2004) and termed ‗CM glucose‘. Singh et. al. 

(2004) have reported that the degradation of CMC produced glucose units substituted 

with one carboxymethyl group at C2, C3 or C6 position of carbon. 
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Fig 7.2 TLC after hydrolysis of cellulosic substrates by PFTE enzymes 
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7.2.2 Ammonium sulphate fractionation 

When 0-30, 30-60 and 60-90% ammonium sulphate fractionation ranges were applied to 

the PFTE preparation, it was found that the active protein of interest was being 

preferentially extracted at a saturation level of 60-90% (Fig 7.3, Table 7.1). Marked 

differences were observed in the set of proteins that were precipitated in each fraction.  

Protein band ‗A‘ in lane 2 appeared to be absent in lane 3. Band ‗B‘was more prominent 

in lane 3, indicating a higher concentration of the protein in this fraction. Band ‗C‘ 

appeared on native PAGE only beyond 60 % saturation levels. A single activity band was 

observed in all the three fractions (lanes 1 - 5) which had a similar Rf value. The band of 

activity as depicted in the zymogram was much less conspicuous in the case of the 0-30% 

saturation fraction, in comparison to the other two fractions. There was, however, no 

protein banding observed in the native gel corresponding to the activity band, probably 

because of the low protein concentration. 

The endoglucanase activity in the various ammonium sulphate fractions are as given in 

Table 7.1.  

The results of ammonium sulphate fractionation over a different range of saturations 

(25% cuts) yielded results as in Fig 7.4 and Table 7.2. 

The data in Table 7.2 proved that while the 50-75% fraction showed maximum activity 

during in situ detection (Fig 7.4), it would not be appropriate to wholly ignore the activity 

in the 75-90 % saturation fraction. Taken together, the 50-90% saturation fraction 

appeared to have concentrated most of the enzyme activity and hence for all further 

processing, this fraction was used as the source of the ―partially purified enzyme‖ for 

further purification by chromatographic procedures. This choice also agreed with the 

inferences from Fig. 7.3 and Table 7.1 data. 
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a    b 

           Lane 1: PFTE 

           Lane 2: heat-treated PFTE 

           Lane 3: dialysate of 60-90% fraction 

           Lane 4: dialysate of 30-60% fraction 

           Lane 5: dialysate of 0-30% fraction 

 

Fig 7.3 Protein and activity profile of ammonium sulphate fractions on native PAGE 

a: protein profile, b: zymogram analysis. 
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a    b 

               Lane 1: PFTE 

               Lane 2: dialysate of 0-25% fraction 

               Lane 3: dialysate of 25-50% fraction 

               Lane 4: dialysate of 50-75% fraction 

               Lane 5: dialysate of 75-90% fraction 

Fig 7.4  Protein and activity profile of ammonium sulphate fractions on native 

PAGE  

a: protein profile, b: zymogram analysis. 
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Table 7.1 Fractionation of endoglucanase activity by ammonium sulphate 

precipitation (30% cuts) 

Ammonium 

sulphate 

saturation 

fraction 

Sp. Activity 

(U/mg prot) 

(PFTE) 0.099 

0-30% 0.010 

30-60% 0.040 

60-90% 0.334 
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Table 7.2 Fractionation of endoglucanase activity by ammonium sulphate 

precipitation (25 % cuts) 

Ammonium 

sulphate 

saturation 

fraction 

Sp. activity of 

Endoglucanase 

(U/mg prot) 

Protein Conc. 

(mg/ml) 

(PFTE) 0.047 1.7 

0-25% 0.011 6.8 

25-50% 0.030 26.1 

50-75% 0.208 16.8 

75-90% 0.204 5.3 

 

  

A 
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7.2.3 Effect of heat treatment coupled with ammonium sulphate precipitation 

To explore the possibility of heat treatment as a potential step in purification, samples 

were subjected to ammonium sulphate fractionation following heat treatment for 15 min 

at 40°C (Fig 7.5); a comparatively thicker band of clearance resulted in the zymogram 

after the treatment step (cf. Fig 7.5b, lanes 3 and 4). 

The zymogram data in Fig 7.6 further clarified that heat treatment of the crude as well as 

partially purified samples (ammonium sulphate fractions) had no detrimental effect on the 

enzyme activity. 

For a final evaluation of the effectiveness of introducing ‗heat treatment‘ as a step in the 

purification, the treatment was carried out before or after the ammonium sulphate 

fractionation step (Fig. 7.7). 

A comparison of enzyme activity of the heat-treated and untreated samples resulted in a 

few interesting observations. Band ‗A‘ in lane 3 (Fig 7.7) was more prominent for 

ammonium sulphate precipitation after heat treatment compared to the sample which was 

heat treated after ammonium sulphate precipitation (lane 5). 

Bands B and C in the untreated sample of lane 4 were also found to be more prominent as 

compared to the heat treated samples in lane 3 and lane 5, implying that some proteins 

may not be very stable at 40 °C for 15 min.  

Upon comparison of the specific activities of the samples it was found that heat treatment 

led to no significant change in the specific activity of the endoglucanase whether in the 

PFTE or partially purified enzyme (Table 7.3). This treatment was therefore omitted from 

being an extra step envisaged in the process leading to purification of the desired 

protein(s). 
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                         Lane 1: PFTE 

                         Lane 2: heat-treated 0-50% fraction 

                         Lane 3: heat-treated 50-90% fraction 

                         Lane 4: untreated 50-90% fraction 

Fig 7.5 Protein and activity profile of heat treated Ammonium sulphate fractions on native 

PAGE  

a: protein profile, b: zymogram analysis. 

 

 

 

Lane 1= PFTE 

Lane 2= heat treated PFTE 

Lane 3= untreated 30-60% fraction 

Lane 4= heat treated 30-60% fraction 

Fig 7.6 Activity in heat-treated enzyme extracts 
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Lane 1: PFTE 

Lane 2: heat treated PFTE 

Lane 3: heat treated and then fractionated at 50-90% ammonium sulphate saturation 

Lane 4: untreated 50-90% fraction 

Lane 5: heat treatment of 50-90% ammonium sulphate fraction  

A: protein profile, B: zymogram analysis. 

 

Fig 7.7 Protein and activity profiles on native PAGE of ammonium sulphate 

fractions coupled with heat treatment 
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Table 7.3 Effect of heat treatment on endoglucanase activity 

Treatment 

Sp. activity of 

Endoglucanase 

U/mg 

None 

(PFTE) 
0.026 

Heat treated 

PFTE 
0.025 

Ammonium 

sulphate 

fraction (50-

90%)  

0.172 

Heat treated 

prior to 

fractionation 

0.180 

Heat treated 

after 

fractionation 

0.160 
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7.2.4 Ion exchange chromatography on DEAE-Sephadex A-25 matrix 

The ideal pH for binding of the active enzyme to the matrix was worked out as pH 8.5. 

(Fig 7.8). The endoglucanase activity was standardized to be maximally eluted in buffer at 

pH 8 containing 2M NaCl. Table 7.4 shows the residual activity obtained in the binding 

test by treatment at different pH values, as evaluated by plate assay. 

Therefore the partially purified protein suspension (50-90% ammonium sulphate fraction, 

dialysed) was loaded onto a DEAE-Sephadex A25 column equilibrated with 0.025 M 

borate buffer (pH 8.5).  Elution of the proteins (at pH 8) carried out by (a) ‗stepwise 

gradient‘ resulted in the selection of an applicable gradient of 0-2 M NaCl and elution by 

(b) ‗continuous gradient‘ procedures lead to the selection of a gradient over a volume of 

800ml. 

A. Elution with 0- 2 M salt gradient  

The activity of endoglucanase enzyme was monitored by the quantitative estimation (Fig 

7.9) as well as plate assay (Fig.7.10). Two peaks of activity were obtained by plate assay 

while three distinct peaks of activity were obtained by quantitative assay for 

endoglucanase activity. The third activity peak in Fig 7.9 could be suggestive of activities 

other than due to endoglucanases, such as β-glucosidase and/or exo-glucanase; even 

though the presence of some amount of endoglucanase could not be entirely ruled out. 
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A B 

 

C             D 

                                     

  Well 1: PFTE, Well 2: pH 8.0, Well 3: pH 8.5 , Well 4: pH 9.0 

             A: Binding of the enzyme to the matrix at different pH 

                                        B: 1M NaCl elution 

                                        C: 2M NaCl elution 

                                        D: 0.5M NaCl elution 

Fig 7.8 Batch test for binding of the enzyme to the matrix at varying pH 
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Table 7.4 Effect of elution conditions on extraction of endoglucanase activity bound 

to DEAE- Sephadex A-25 matrix 

Treatment pH Zone 

diameter 

(mm) 

Binding 8 9 

8.5 7 

9 9 

Elution 

with 0.5M 

8 13 

8.5 5 

9 3 

Elution 

with 1M 

8 18 

8.5 16 

9 15 

Elution 

with 2M 

8 17 

8.5 17 

9 14 
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Fig 7.9 Ion Exchange chromatography with 0-2M NaCl elution 

 

 

 

Fig 7.10 Protein and Activity profile on ion exchange chromatography (0-2M NaCl elution) 
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B. Elution with 0-1 M NaCl gradient  

At a salt gradient of 0-1M NaCl applied over 800ml of elution buffer, a protein profile as 

in Fig 7.11 was obtained. Four active fraction pools (A, B, C, D) were obtained when the 

eluted protein fractions were estimated for endoglucanase activity. 

The endoglucanase activity profile obtained from an independent experiment performed 

under similar conditions was as shown in Fig 7.12 and the activity pattern as determined 

by plate assay was as in Fig 7.13. One major activity peak was observed, in both cases. 

Accordingly two protein pools (A and B) were marked for concentration and further 

resolution through gel filtration chromatography. 

Numerous workers have attempted purification of cellulases employing diverse steps and 

conditions. While some have met with considerable success, others report that neither 

affinity chromatography on alkaline-swollen cellulose nor ion-exchange chromatography 

on DEAE-Sephadex A-25 was successful in fractionating the individual cellulases (Tong 

et. al., 1980). 

In the present study, while the protein profiles in none of the ion exchange 

chromatography experiments projected a fairly good separation, they appeared to have 

compartmentalized two types of activity. The peaks that eluted early during ion exchange 

chromatography showed activity in both the plate assay as well as the quantitative 

estimation, while the peaks  that eluted later did not produce zones of clearance when 

tested on a CMC plate.  

Endoglucanase, Avicelase and β- glucosidase activities were determined in each of the 

pool fractions and is summarized in Table 7.5a. One fraction (Pool A) that eluted at 

0.25M NaCl in Figs 7.9 and 7.10 successfully resolved into two pools (A and B) upon the 

application of a more gradual NaCl gradient as in Fig 7.11. Both these  



174 
 

 

 

 

 

 

 

 

 

Fig 7.11 Ion Exchange chromatography with 0-1M NaCl elution 
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Fig 7.12 Protein and Activity profile on ion exchange chromatography 

 

 

 

 

 

 

Fig 7.13 Protein and Activity profile on ion exchange chromatography 
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Fractions i.e pool A (0-1M) and pool B (0-1M) contained endoglucanase and  β-

glucosidase activity(Table 7.5a). 

Fractions that eluted at 0.25-0.5 M NaCl mainly had endoglucanase activity and lacked 

β-glucosidase activity, which eluted only at 0.5-1 M NaCl concentration As was 

observed in the Table 7.5a, concentrations of NaCl exceeding 1M were found necessary 

for the elution of exo-activity, indicating that exo-enzymes were most strongly bound to 

the anion exchanger matrix   

Table 7.5a and Table 7.5b summarises the elution of different sets of active proteins 

from the ion exchange chromatography at different NaCl concentrations. 

7.2.5.  Gel Filtration Chromatography 

Molecular sieving of the pooled fractions obtained after ion exchange chromatography 

was carried out independently on Seralose CL-6B and Sephadex G-100 matrices:  

A. Gel filtration on Seralose CL-6B column 

The concentrated Pools A and B from Fig.7.10 data were independently subjected to gel 

filtration on a Seralose CL6 B column. Elution was carried out using phosphate buffer 

(pH7, 0.05 M) and the activity assayed both qualitatively as well as quantitatively.  

The protein and activity elution profiles from Pool A are as shown in Fig 7.14 and Fig 

7.15 (plate assay). The Pool A from ion exchange chromatography resolved into several 

protein peaks upon subjecting it to gel filtration chromatography. The single peak of 

activity also gave at least 4 activity peaks (Fig 7.14) through quantitative  

 

 

Table 7.5a Activities in Ion Exchange Chromatography Fractions  
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Fractions 

Activity (U/ml) 

Endoglucanase Avicelase β- glucosidase 

Pool A  (0-2M) 0.092 0 0.046 

Pool B (0-2M) 0 - 0.066 

Pool C (0-2M) 0 0.125 0.048 

Pool A (0-1M) 0.028 0.019 0.095 

Pool B (0-1M) 0.038 0 0.079 

Pool C (0-1M) 0.022 0 0.073 

Pool D (0-1M) 0.057 0.140 0.094 

 

 

Table 7.5b Elution of Ion Exchange Chromatography Fractions (0-1M) 

NaCl 

concentration 

(M) 

Protein/activity pools, data from 

Figs 7.14, 7.15, 7.16 Activities # Figs. 7.17, 7.18 Activities 

< 0.25 - - Pool A (0-1M) EG+BG 

0.25 Pool A (0-2M) EG+BG Pool B (0-1M) EG+BG 

0.25-0.5 - - Pool C (0-1M) EG 

0.5-1 Pool B (0-2M) BG Pool D (0-1M) BG+EG 

1-1.5 Pool C (0-2M) Exo - - 

# EG = endoglucanase; BG = β-glucosidase; Exo = exoglucanase 
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Fig 7.14 Protein and Activity profile on Seralose CL-6B- Pool A analysis 

 

 

 

 

Fig 7.15 Protein and Activity profile on Seralose CL-6B Pool A analysis 

estimation of endoglucanase activity while only a single peak was obtained from plate 

assay data (Fig 7.15). 
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The active fractions obtained after segregation and concentration with sucrose were 

pooled as A1, A2 and A3 (Fig 7.14). Pool B sample resolved as one major protein peak 

(in addition to 4 minor peaks) on the Seralose CL-6 B column and the active fractions 

that eluted as a single peak were pooled together as Pool B1 (Fig 7.16). 

An approximation of the sizes of the different protein fractions that resolved upon gel 

filtration were obtained using the molecular weight calibration plot (Fig 7.17) prepared 

by chromatography of standard molecular weight markers on the same column. 

Tables 7.6a & 7.6b summarises the results of chromatographic separation of cellulase 

activities and the approximate molecular weights of the peak fractions that eluted. 

Conventionally, hydrolysis of CMC has been used as an indicator of endoglucanase 

activity while true exoglucanases exhibit very low levels of terminal activity with CMC 

(Bok et. al., 1998). Nevertheless, several authors have argued that the classification of 

the enzymes based on the above single observation can not suffice to determine their 

true mode of action, evidently owing to the discovery of enzymes with endo- as well as 

exo- activities (Barr et. al, 1996; Han et. al., 1995; Irwin et. al., 1993). 

From the results of chromatography on the Seralose CL-6B column (Figs 7.14 & 7.16), 

β-glucosidase activity was detected in Pools A1, A2 and A3 while absent in pool B1, 

which had only endoglucanase activity. Pools A2 and A3 were also seen to  
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Fig 7.16  Protein and Activity profile on ion exchange chromatography 

 

 

 

 

 

 

 

Fig 7.17  Molecular weight determination by gel filtration (Seralose CL-6B) 
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Table 6a Cellulase activities in the gel filtration chromatography fractions 

Fractions 

Activity (U/ml) 

Endoglucanase Avicelase Β- glucosidase 

Pool A1 0 0 0.060 

Pool A2 0.128 0 0.057 

Pool A3 0.024 0.584 0.087 

Pool B1 0.017 0 0 

 

 

 

Table 7.6b Summary of cellulase activity resolution on Seralose CL-6B column 

Peak 

Fraction 

(ml) 

Approximate 

MW  

(kDa) 

Pools from 

Seralose CL-6B 

#Activity   

detected 

47 53 Pool A1 BGI  

120 74 Pool A2 EG I 

131 45 Pool B1 EGII  

149 & 207 34 & 7 Pool A3 Exo  

 

# EG = endoglucanase; BG = β-glucosidase; Exo = exoglucanase 
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have activity but not Pool A1. Pool A3 was the only fraction to have Avicelase activity 

and hence could be labelled an exo- enzyme since the greater ability to utilize Avicel 

rather than CMC as a substrate is a distinct characteristic of exo- enzymes. β-

Glucosidase activity was successfully separated from endoglucanase activity in the 

fractions that got eluted together at 0-0.25 M NaCl in the ion exchange chromatography 

pool A (0-2M). Pool A1, therefore, could be termed as BGI. Pool A2 was termed as EGI 

because it showed high endoglucanase activity and failed to act on crystalline cellulose 

(Avicel). Pool B1 can be termed as EGII since it was found to primarily contain 

endoglucanase activity without no activity at all on crystalline cellulosic substrate. EG II 

was found to elute at 131 ml in the gel filtration column. The apparent molecular 

weights of the different pools with the activities as stated above is noted in Table 7.6b 

B. Gel filtration on Sephadex G-100 column  

Gel filtration of active protein pools resulting from separation by ion exchange 

chromatography was also carried out on a different matrix (Sephadex G-100) to analyze 

the separation of the cellulose activities. 

i. Pool A analysis 

The elution profile of the sample from Pool A in Fig 7.11 was as shown in Fig 7.18. The 

protein elution profile and the corresponding endoglucanase activities of the fractions 

obtained after gel filtration chromatography of Pool A in Fig 7.13 was as shown in Fig 

7.19.  

As seen from Figs 7.18 & 7.19 the activity paralleled the single protein peak, indicating 

that a reasonably good purification of the activity had resulted from the      
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Fig 7.18 Protein and Activity profile on Sephadex G-100- Pool A analysis 

 

 

 

 

Fig 7.19 Protein and Activity profile on Sephadex G-100- Pool A analysis 
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ion exchange chromatography step. From the positive plate assay results (data not 

shown) Pool A2 (Fig 7.19) was found to be enriched in endoglucanase activity. 

In both the Pool A analyses (Figs 7.18 & 7.19), it was found that a protein that eluting at 

around 124-129 ml on the Sephadex G-100 column had endoglucanase activity. The 

approximate molecular weight of the particular protein that eluted at 124 ml would be 5 

kDa as calculated from the molecular weight calibration plot (Fig 7.20) for the Sephadex 

G-100 column. While pool A  from Fig 7.11 gave only one protein peak in Fig 7.18, 

pool A from Fig 7.19 was shown to resolve into two peaks (Fig 7.24). Pool A1 in Fig 

7.19, although a major protein peak, did not show any endoglucanase activity. It can 

therefore be concluded that the cellulase system of thraustochytrids has an 

endoglucanase enzyme with a molecular weight probably as low as 5kDa and eluting at 

a low molarity  (< 0.25 M NaCl) from the DEAE-Sephadex A-25 column. 

ii. Pool B analysis 

The protein and activity profiles of Pool B samples resulting from ion exchange 

chromatography (Fig 7.11 & 7.13) were analysed after fractionation on a Sephadex G-

100 column. The activity profile for pool B obtained from Fig 7.11was as shown in  Fig 

7.21 

Multiple peaks of endoglucanase activity could be identified upon gel filtration of pool 

B on several occasions.  

 

A single activity peak of pool B on ion exchange was found to get resolved into at least 

4 different activity peaks in Fig 7.21. 
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 Fig  7.20 Molecular weight determination by gel filtration (Sephadex G100) 

 

 

 

 
Fig 7.21 Protein and Activity profile on Sephadex G-100- pool B analysis 
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iii.Pool C analysis 

Pool C sample resulting from ion exchange chromatography (from Fig 7.11) was 

fractionated on the Sephadex G-100 column and the protein and activity profiles 

obtained were as shown in Fig 7.22. 

Pool C1 (obtained by pooling and concentrating the active fractions of CMCase from fig 

7.22 also showed activity in plate assay (Fig 7.23A), implying the breakdown of chains 

in the intact polysaccharide structure and hence the presence of CMCase / exoglucanase 

activity. Pool C1 was also found to have β-glucosidase activity (Fig 7.23B). 

In the gel filtration chromatography fractions that resolved on Sephadex G-100, Pools 

A1, B2, B3 were found to have exo-glucanase (measured as avicelase activity)  and β-

glucosidase activity also. Pool B1 showed endoglucanase activity. Pool C1 was found to 

have all the three activities ,i.e Endoglucanase, Avicelase and  β-glucosidase activity 

confirming the plate assay results in Fig 7.23. The elution and activity profiles of the 

different pools obtained on gel filtration proves the multiplicity and complexity of the 

cellulase system . 

 

. 
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Fig 7.22 Protein and Activity profile on Sephadex G-100- pool C Analysis 

 

 

 

 

 

                  
A                                  B 

    Fig 7.23Plate assay for Pool C1 

A: CMCase activity; B: β- glucosidase activity 
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C. Gel filtration of ammonium sulphate PFTE  

In order to discern the comparitive molecular weights of the cellulases in the PFTE, gel 

filtration studies on Seralose CL-6B and Sephadex G-100 were carried out and the 

different fractions were assayed for endoglucanase and β-glucosidase activity. 

i.  Gel filtration chromatography of PFTE proteins on Seralose CL-6B matrix 

The ammonium sulphate PFTE on Seralose CL-6B chromatography column resolved 4 

protein ‗peaks‘ (Fig, 7.24) of which, peak I and peak III were found to corresponded  to 

endoglucanase activity.   

Pools A, B and C showed several bands when subjected to native PAGE (Fig 7.25). Pool 

A showed activity in the zymogram while pools B and C did not (Fig 7.26), suggesting 

that pool A indeed had CMCase activity, with or without the synergy of β-glucosidase 

and exoglucanase activities. This was corroborated by the specific activity data 

presented in Table 7.7. Pool B showed concentration of β-glucosidase activity, as 

observed from the development of brown zones in the plate assay  (Fig 7.27). 

ii. Gel filtration chromatography of PFTE proteins on Sephadex G100 matrix 

Three distinct activity peaks were observed (Fig 7.28) when estimated quantitatively for 

endoglucanase activity, while only two peaks were obtained when determined by the 

plate assay (Fig 7.29) .  When the same fractions obtained from Sephadex G-100 column 

were assayed for β- glucosidase activity, two activity peaks were observed (Fig 7.30) 

while the plate assay method of detecting β- glucosidase activity (Fig 7.31)  yielded only 

one distinct peak.  
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Fig 7.24  Gel filtration chromatography of PFTE on Seralose CL-6B column 
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Lane 1: PFTE;  Lane 2: ammonium sulphate dialysate;  Lane 3: nil; 

Lane 4: pool A;      Lane 5: pool B 

Fig 7.25 Native-PAGE profile of Seralose CL-6B fractionated pools of PFTE 

 

 

Lane 1: PFTE; Lane 2: ammonium sulphate dialysate;  Lane 3: nil;                                     

Lane 4: pool A;    Lane 5: pool B;  Lane 6: Pool C 

Fig 7.26 Zymogram of Seralose CL-6B fractionated pools of PFTE 

 

Protein of interest 

1    2       3              4      5            6 

       1         2         3              4            5            6 
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Fig 7.27 Plate assay showing β-glucosidase activity in gel filtration chromatography 

pools of PFTE 

.  

 

Table 7.7 Endoglucanase activity in Seralose CL-6B fraction pools of PFTE 

Fraction Protein (mg/ml) 

Sp. activity 

(U/mg prot) 

Crude 1.680 0.019 

Pool A 2.892 0.123 

Pool B 0.386 0.072 

Pool C 1.404 0.026 

 

 

 

Brown zone of 

β-glucosidase activity  
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Fig 7.28 Gel filtration chromatography of PFTE on Sephadex G-100 column-

(endoglucanase activity) 

 

 

Fig 7.29 Gel filtration chromatography of PFTE on Sephadex G-100 column-

(endoglucanase activity) 
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Fig 7.30 Gel filtration chromatography of PFTE on Sephadex G-100 column 

 ( β- glucosidase activity) 

 

 

Fig. 7.31 Gel filtration chromatography of PFTE on Sephadex G-100 column-( β- 

glucosidase activity) 
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The molecular weights of the enzymes in the partially purified PFTE (50-90% 

ammonium sulphate saturated fraction) on Sephadex G-100 column chromatography 

were estimated to be around 80 kDa for β- glucosidase and  207 kDa, 65 kDa & 8 kDa 

for endo-glucanases.  Tong et. al. (1980) reported a similar value of 85 kDa for β- 

glucosidase and 78 kDa for cellulase I, 48 kDa for cellulase II and 34 kDa for cellulase 

III. They found that all the three cellulases were retarded on Sephadex G-100 and eluted 

as a single broad peak. Anomalous behaviour of enzyme proteins on Sephadex columns 

have been observed previously also (Whitaker, 1963; Andrews, 1964; Tong et. al.,1980). 

The molecular weight of one of the endoglucanases was found to be as low as 8 kDa. 

Such low molecular weight endoglucanases are known to be predominantly found in the 

young culture of cellulolytic fungi and bacteria but disappear in older cultures 

(Umezurike, 1979). Such endoglucanases have been found in T. reesei (Hakansson et al., 

1978), Botryodiplodia threobromae (Umezurike, 1979) and Myrothecium verucaria 

(Selby & Maitland, 1967). These low molecular weight endoglucanases are said to be 

important in that their small size is used to advantage to penetrate the cellulosic 

substrate. They therefore are probably the first cellulases to be detected in the culture 

filtrates, releasing free chain ends for subsequent attack by the exoglucanases.. (Wood & 

McCrae, 1972; Umezurike, 1979). 

The cellulolytic activity of fungi and bacteria has been shown to be attributed to a 

mixture of synergistic and multiple cellulases enzymes (Mandels & Reese, 1964; Li et 

al., 1965; Halliwell, 1965; Selby & Maitland, 1967; Pettersson et al., 1963; Wood & 

Phillips, 1969) These enzymes, however, have resisted purification during several 

different attempts, leading to the unavailability of complete information on the 

successful purification of individual cellulases in terms of the traditional classification as 

endo- , exo-  and β- glucosidase (Tong et. al., 1980). The multiplicity of the enzymes in 
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the cellulase system of thraustochytrids established in the present study also imposed 

several limitations on the process of purification. Study of enzyme characteristics from 

even a partially purified preparation may therefore be called for. The effectiveness of the 

purification could often be underestimated by the choice of substrates for the detection 

of these enzymes in the pure form owing to their differing substrate specificities. The 

usefulness of a particular purification step, therefore, may not be immediately apparent 

(Tong et. al.1980) . 

To summarise, the attempted purification of endoglucanase activity has yielded insights 

into the various cellulase activities that apparently function synergistically in cellulose 

degradation by the thraustochytrid 

7.2.6 Characterization of partially purified PFTE 

Enzyme characteristics such as the effect metal ions and surfactants on the 

endoglucanase activity was studied as the many of these factors are known to affect the 

enzyme activity often in a damaging manner .  

 A. Effect of Metal ions on the partially purified enzyme activity 

Metals are often required as cofactors for enzyme activity. The effect of metal ions on 

endoglucanase activity was studied and the activity was found to be strongly activated 

by Ca
2+ 

ions at a concentration of 10 mM (Table 7.8 ).  EDTA, being an divalent metal 

ion chelator, showed progressive inhibition of activity with increasing concentration 

from 1-10 mM. This strengthens the data on the positive effect of calcium ions on the 

activity. In case of proteases and lipases from thraustochytrids, Ca
2+

 ions were found to 

have little to no effect on the activity (Kanchana, 2008; Kanchana and Muraleedharan, 

2011).   
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The ions of mercury, cadmium and lead have been known to react with protein thiol 

groups (converting them to mercaptides) as well as with histidine and tryptophan 

residues resulting in subsequent loss in activity (Surti and Bapat, 2002). Introduction of 

metal ions into our assay system at a concentration of 10mM showed some inhibition by 

Mg
2+ 

and Cu
2+ 

(Table 7.8). Total inhibition of the endoglucanase activity was observed 

in the presence of Zn 
2+

, Hg 
2+

 and Fe 
2+

 ions. These results are interesting in view of the 

high sensitivity of isolate TLU8 in culture to these metals as recorded in Chapter 2 

(Section 2.2.3 E). 

Different cations may protect the enzyme or strengthen the active site thereby 

maintaining the conformation of the enzyme in active state .The inhibitory effect of 

Hg
2+

ions could be suggestive of the presence of SH group(s) at the active site of the 

protein. 

B. Effect of detergents on enzyme activity 

There are varied reports on the effects of Tween 60 and Tween 80 on cellulase activities.   

A. oryzae VTCC-F045 and A. awamori VTCC-F099 enzymes have been observed to be 

resistant to Tween 20, Tween 80, and Triton X-100 at concentrations of 0.5%−2.0% 

,w/v (Pham et. al., 2012). These workers have also reported that the endoglucanase from 

A. niger VTCC-F021 showed high resistance to Tween 80 and Tween 20 at 0.5%−2% 

(w/v) concentrations, retaining more than 80% of its initial  
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Table 7.8 Effect of Metal ions 

Additive in 

assay Concentration 

1mM 10mm 

Zn
2+

 0 0 

Mg
2+

 0 71.4 

Hg
2+

 0 0 

Fe
3+

 0 0 

Ca
2+

 85.7 204.8 

Cu
2+

 0 85.7 

EDTA 97.4 50.7 
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activity. While Kamande et. al. (2000) report that Tween 80 contributes to the enzyme-

substrate binding and hence an increase in the cellulase activity, Kim et. al. (2006) 

mention reduced adsorption of the enzyme to the substrate although with an increase in 

cellulase activity. Therefore the mechanism of action of the surfactant is not very clear 

except that many authors have found that it enhances cellulase activity. 

The effect of different concentrations of ionic (SDS) and non-ionic (Triton X100, Tween 

60) detergents as studied on the partially purified enzyme is shown in Fig 7.33. The 

non–ionic detergents Tween 60 and Triton X100 were found to enhance the 

endoglucanase activity at a low concentration of 0.1%. The enzyme activity was found 

to increase about 1.7-fold in the presence of Tween 60 (0.1%) while it dropped to almost 

zero at a concentration of 0.5 %. With Triton X-100 at a concentration of 0.1 %, the 

activity was enhanced by 21% while about 30% of the activity was lost at a higher 

concentration of 1% of the surfactant. SDS had a detrimental effect on the enzyme in 

that the activity dropped drastically at even 0.1 % concentration. This property also 

prevented any successful zymogram analysis of activity after SDS-PAGE. 
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Fig 7.33 Effect of Detergents   
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While almost 50% of the total enzyme demand in the Indian enzyme industry covers the 

pharma sector, 20% each arises from the textile processing and the detergent 

manufacturing industries and 5% each from the food and feed industries (Binod et. al., 

2013). Varied industrial applications require the use of polysaccharide-degrading 

enzymes such as cellulases, amylases, pectinases, hemicellulases, carrageenases, agarases, 

etc.. Cellulases are used in the textile, detergent, food, feed, pulp and paper industries and 

these enzymes account for a significant share of the world enzyme market as the third 

largest group of enzymes (Sukumaran et. al., 2005), all which is  most exhaustively 

reviewed and elaborated upon by Kuhad et al. (2011). 

Thraustochytrids are a very interesting group of marine osmoheterotrophic, fungoid 

protists found in saline lakes, marine and estuarine waters and which have gained 

popularity in recent decades as good sources of omega-3 polyunsaturated fatty acids. 

These organisms have since long drawn the attention of researchers with regard to their 

ecological role in the marine environment, which has led to a few preliminary screening 

reports on their hydrolytic enzymes.  

Although a wide spectrum of thraustochytrid enzymes involved in the hydrolysis of all 

classes of organic compounds have been reported (Bongiorni et al., 2005) indicating their 

ability to degrade a large variety of substrates, there appears to be a gaping dearth of 

information on their quantitative estimation, mechanism of action and more importantly 

on the study of their potential biotechnological applications, but perhaps for a lone report 

on lipases (Kanchana et. al., 2011). Basic information pertaining to the specific types of 

enzyme activities, methods for extraction of the enzyme, optimal growth conditions for 

enzyme production and characterization seems to be lacking. Raghukumar et. al. (2008) 

mention that even if thraustochytrids were not directly put to industrial use for their 

hydrolytic enzymes, understanding the biochemistry and molecular biology of the 
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enzymes could be fruitful. Besides, such a study would add to the knowledge of marine 

enzymes, especially their types, secretion, inducibility and mode of action in the oceanic 

water columns and help to understand further their ecological role in the marine 

environment. 

The present research was therefore initiated primarily to gain a better prospective on the 

polysaccharide - degrading activities of thraustochytrids, in particular cellulases, with 

regard to their types, enzyme characteristics, cellular distribution and potential 

biotechnological applications.  

Isolation of thraustochytrids and screening for different polysaccharide-degrading 

activities using qualitative as well as quantitative methods drew attention to the 

cellulolytic and xylanolytic potential of the thraustochytrid isolates and the induction of 

these enzymes in the presence of the respective substrate. Most thraustochytrids isolates 

were found to be produced constitutively in nature, irrespective of the presence or absence 

of the substrate. A general study of some potential isolates was carried out with respect to 

optimal assay conditions, requirement of glucose in the growth medium and the pattern of 

growth. One such promising cellulase-producer exhibiting multiple polysaccharide-

degrading activities was selected for further studies. The presence of enzyme activities 

besides the polysaccharide-degrading potential could also be identified using API-ZYM 

kit. Other characteristics of the isolate such as metal ion sensitivity, substrate utilisation 

and presence of lipid bodies are also being reported. 

An evaluation of the different cellulase activities viz., endo-glucanase, avicelase, beta-

glucosidase and filter paper unit activity obtained through various extraction procedures 

suggested a possible multiple cellular location. The pellet freeze-thaw method is being 
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reported for the first time as the best method for extraction of cellulase activities from 

thraustochytrids. Scanning electron microscopy and exo-polysaccharide (EPS) staining of 

the isolate provided added support that the cellulase activities might not entirely be 

extracellularly released but rather remain ‗pellet-associated‘ in part. 

Cellulase activity was therefore looked for both in the culture supernatant and in the 

pellet-freeze-thawed extract. The isolate was found to have an obligate salt requirement 

for growth. Maltose scored over glucose as the preferred carbon source in the growth 

medium. The optimal concentration of nitrogen sources and the ideal harvesting time for 

maximal production of the enzyme were also standardized for the further studies. 

The characterization of an endoglucanase produced by the isolate was carried out with 

respect to enzyme concentration, time course of activity, optimal temperature and pH of 

assay, thermal stability, pH and salt tolerance, effect of different detergents and metal 

ions, etc. Some studies on an associated β-glucosidase are also being reported. 

The potential of the crude enzyme preparation for different biotechnological 

applications of cellulases had been explored. Results of preliminary laboratory-level 

experiments possibly extendable to the textile and detergent industry, protoplast isolation 

procedures, etc., in comparison to a commercially available source of cellulases indicated 

the potential application of the thraustochytrid cellulases in the biotechnology industry. 

The ability of the isolate to utilize cheap and natural substrates such as rice straw, rice 

bran, wheat bran, saw dust, seaweed, decaying mangrove leaves and estuarine detritus, 

signals not only to its utility in industry for the degradation of  lignocellulosic materials 

but also sheds light on the reported ecological role of thraustochytrids as degraders in the 

marine environment. 
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Attempts and strategies to purify the different cellulases produced by the isolate were 

carried out. Thin–layer chromatography of the hydrolysis products obtained by the action 

of the crude enzyme on different substrates such as carboxymethyl-cellulose, filter paper, 

cellulose powder and cellobiose proved the presence of several distinct cellulase activities 

such as endoglucanase, cellobiohydolase and β-glucosidase. Attempts to separate and 

purify the different cellulases by ion-exchange and gel-filtration chromatography met 

with only partial success, although various matrices and resolution conditions were 

adopted. One endoglucanase and one beta-glucosidase activity could be specifically 

distinguished in the milieu of closely associated cellulases. 

In summary, the novelty in this study lies in that it provides an insight into the multiple 

polysaccharide-degrading activities of thraustochytrids with regard to quantitation of the 

activities and enzyme characteristics. Their substrate-utilization capabilities were 

suggestive of possible industrial applications and threw some light on their specific 

ecological implications in degradation of naturally occurring polysaccharides. The 

research establishes the presence of three major types of cellulase activities viz., 

endoglucanase, cellobiohydrolase and β- glucosidase, proving that these marine protists 

do possess a complete cellulase system.  Partial resolution of 
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these closely associated activities could be achieved. Attempts at determining the cellular 

distribution of the various ‗cellulases‘ suggested that the enzyme(s) may not entirely be 

available in the extracellular medium, which led to the development of a superior method 

for a more complete extraction of the activities from the marine protists, thraustochytrids. 

This is apparently the first report of the extension of this known but relatively unused 

method, to the extraction of cellulases from any microbial system. 

FUTURE PROSPECTS 

 The application of modern molecular techniques in the sequencing of the partially 

resolved proteins of the cellulase complex system from thraustochytrids would 

provide further valuable insights into the nature of the diverse cellulases, besides 

facilitating their classification into the families of glycosidases.  Although most 

fungal cellulases belong to the GH7 family and bacterial cellulases to GH5, there is 

no information on the classification of cellulases from thraustochytrids.  

 Inducibility of the enzyme(s) and product inhibition characteristics could be looked 

into. 

 Development of technology for commercialization of such of these enzymes that have 

been shown to have potential biotechnological applications. 

 The organism had shown potential for increased production of cellulases when grown 

on cheap raw lignocellulosic material such as rice straw. This could be significant 

with respect to the cost effectiveness of cellulases in the bioethanol industry. Further 

studies could thus be undertaken to understand the applicability of these enzymes in 

this industry.  
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APPENDIX - I 

Growth medium  

Modified Vishniac’s medium (M.V. medium)  

Glucose (0.4%), Peptone (0.15%), Yeast extract (0.1%), Crude salt ( 3.4%) were 

dissolved  in 100 ml Distilled water.                               

M.V. agar medium  

Glucose (0.4%), Peptone (0.15%), Yeast extract (0.1%), Crude salt ( 3.4%) and  Agar 

(0.8%) were  dissolved in 100 ml distilled water and autoclaved. Antibiotics   

(Streptomycin & Penicillin) (1.0%) was added to the medium. 

M.V. agar medium for qualitative cellulase detection  

Glucose (0.4%), Peptone (0.15%), Yeast extract (0.1% ), Crude salt ( 3.4%), CMC (0.5 

% ) and  Agar (1%) were  dissolved in 100 ml distilled water and autoclaved. pH was 

made up to 7.0 before autoclaving 

ASW (artificial sea water g/l) ( pH 7.0) 

Tris base                                                6.05  

Mg2SO4                                                12.32 

KC1                                                       0.74  

(NH4)2HPO4                                          0.13  

NaC1                                                    17.52  

CaC12                                                    0.14  
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APPENDIX - II 

 

Reagents for protein estimation  

Folin Lowery reagents                       Stock solution  

Solution A (100ml)  

CuSO4 5H20                                            1.0 g -I  

Sodium potassium tartarate                2.0 g - II  

Before experiment, mix 500u1 each of I & II to get 1 ml of solution A 

Solution B  

Na2CO3        20 g  

NaOH        4 g  

D/W        100 ml 

Solution C  

1  ml    solution A  

49 ml    solution B 

 

Solution D  

Folin Ciocalteu‘s phenol reagent  

1:1 dilution with distilled water 
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Borate buffer ( Na2B407 . 10 H2O) (50mM)  

19.05 g was dissolved in 500 ml D/W. The pH was adjusted to 8 and 9 with 0.1N HC1 

and the volume made up to 1000 ml with D/W. For pH 10 and 11, the pH was adjusted 

with 0.1N NaOH and made up to 1000 ml with D/W. 

3,5-dinitrosalicylic acid (DNSA reagent) (100m1) 

3, 5-dinitrosalicyclic acid was dissolved in 1 g in 50 ml of 1M NaOH.  Sodium sulphite 

(0.05%) (w/v) and  0.2% Phenol (v/v) was added with continuos stirring. Sodium 

Potassium Tartarate (20 g ) was added finally to the solution. The final volume was 

made upto 100 ml with D/W.  

Sodium acetate buffer (200mM)  

Solution A: 0.2M acetic acid  and Solution B: 0.2M sodium acetate  

X ml of solution A and Y ml of solution B are mixed and the volume was made up to 

100 ml with distilled water. 

Solution A (ml)                      Solution B (ml)                             pH  

 46.3                                                       3.7                                                    3.6  

44.0                                                         6.0                                                   3.8  

41.0                                                         9.0                                                   4.0  

36.8                                                         13.2                                                  4.2  

30.5                                                         19.5                                                  4.4  

25.5                                                         24.5                                                  4.6  

14.8                                                         35.2                                                  4.8  
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10.5                                                          39.5                                                 5.0  

8.8                                                            41.2                                                 5.2  

4.8                                                             45.2                                                5.6 

 

Reagents for PAGE  

Tank buffer  

Glycine                                         14.4 g  

Tris                        3.0 g  

Make up volume to 1000 ml with D/W.  

For SDS-PAGE, add SDS to a final concentration of 0.1%. 

 

Separating gel buffer (4X)  

Tris base      36.3 g  

pH (adjusted with HCl)      8.8  

Make up volume to 200 ml with D/W.  

Stacking gel buffer (4X)  

Tris base     3.0 g  

pH (adjusted with HC1)     6.8  

Make up volume to 50 ml with D/W 
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Ammonium persulphate (APS) (10%)  

APS    0.1 g  

D/W    1.0 ml  

Prepare fresh before use. 

 

Gel loading buffer for native PAGE (4X)  

Glycerol      2.0m1  

4X Separating gel buffer      2.5 ml  

Bromophenol blue (1%)      1.0m1  

Make up volume to 10 ml with D/W. 

 

Gel loading buffer for SDS-PAGE (2X)  

Glycerol    2.0m1  

4X Stacking gel buffer   2.5 ml  

SDS (10% stock)   4.0 ml  

Bromophenol blue (1%)   1.0m1  

Make up volume to 10 ml with D/W. 
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Acrylamide stock solution (30%)  

Acrylamide    29.2 g  

N,n- methylene bis Acrylamide 0.8 g  

Make up volume to 100 ml with D/W  

Store at 4°C in dark. 

 

Staining solution  

Coomassie Brilliant blue R-250           0.25 g  

Methanol                                                45 ml  

D/W                                                          45 ml  

Acetic acid                                               10 ml  

Filter through a Whatman No.1 filter to remove any particulate matter. 

Destaining solution  

Methanol                                             45 ml  

D/W                                                      45 ml  

Acetic acid                                            10 ml 

Reagents for silver staining  

1. Fixing solution  

Acetic acid                                 10%  
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Keep the gel in fixing solution for 30 min  

2. Sodium thiosulphate   0.02%  

Add, shake for 1 min and wash the gel with D/W for 20 sec 

3. AgNO3    0.2%  

Formaldehyde    0.075 ml  

D/W    100 ml  

Incubate for 20 min in dark and wash the gel with D/W  

4. Developing solution  

Na2CO3    6 g  

Sodium thiosulphate   0.0004 g  

Formaldehyde   0.05 ml  

D/W    100 ml 

TLC spraying solution 

Aniline           (1.0%, v/v), Diphenylamine               (1.0%, w/v), 

Orthophosphoric acid       (10%, v/v)      

in Acetone  

Solution I ( for Protoplast Isolation) 

50mM EDTA in 20mM MES Buffer (pH 6.5-7) 
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LIST OF ABBREVIATIONS 

A nm Absorbance at the 

given wavelength 

APS Ammonium 

persulphate 

ASW Artificial Sea Water 

bp base pair 

BSA Bovine serum 

albumin     

CMC carboxymethyl 

cellulose 

CMCase carboxymethyl 

cellulase 

CS  Culture supernatant 

EDTA Ethylenediaminetetra 

acetic  acid       

EPS Exopolysaccharide 

FPU Filter Paper Unit 

FS Full strength 

GYP Glucose -Yeast 

extract -Peptone 

HS Half strength 

kDa  kilo Dalton 

Km Michaelis-Menten 

constant 

MV Modified Vishniac‘s 

PAGE Polyacrylamide gel   

electrophoresis                                                               

pNPG para-nitrophenyl β-

D-glucopyranoside  

rpm Revolutions per 

minute                                                 

SDS Sodium dodecyl 

sulphate 

Sp. activity  Specific activity 

SW sea water 

TEMED     N,N,N',‘N'‘-  

tetramethylethylene 

diamine              

TLC Thin layer 

chromatography               

U  Unit  

UV   Ultra-violet 

V max           Maximum velocity   

v/v volume by volume 

w/v weight by volume 
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