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1.0  INTRODUCTION
Laccase (p-diphenol : dioxygen oxidoreductases, EC 1.10.3.2) is a copper – containing oxidase, which is unspecific and has a wide range of substrate. It is able to catalyze one-electron oxidation of various dyes, phenols, chlorinated phenols, aromatic substrates, and as a series of other oxidizable compounds, with concomitant reduction of dioxygen to two molecules of water (Dai et al., 2010). They are capable to delignify wood pulp, decolorize and degrade toxic environmental pollutants and synthetic dyes which are carcinogenic and hazardous to environment (Mishra et al., 2011).

Laccases are generally, monomeric or more rarely, homo- and hetero-dimeric or homo-tetrameric glycoproteins, whose activity is dependent on four copper ions, distributed among three different highly conserved binding sites (Pezzella et al., 2009). The one cysteine and ten histidine residues, involved in binding the four copper atoms found in the majority of laccase molecules, are conserved, together with a small region around each of the four regions in which the copper ligands are clustered. Several fungi code for more than one non-allelic variant, explaining in part the biochemical diversity of laccases (Sarnthima and Khammuang, 2008).

Laccases or laccase like activity has been demonstrated in higher plants, in some insects and in a few bacteria. However the best known laccases are of fungal origin, especially those belonging to the class of white - rot fungus. Laccases have been reported in trees, cabbages, turnips, beets, apples, asparagus, potatoes, pears and various other vegetables (Murugesan et al., 2006). Extracellular laccases purified and characterized from various fungal sources but majority of the studies have                      been focused on relatively few species such as Trametes versicolor, Gonoderma lucidum, Neurospora crassa, Agaricus bisporus, Aspergillus nidulans, Pleurotus ostreatus, Panus trigrinus and Tramates villosa (Ko et al., 2001). The other laccase producers are Marasmius quercophilus (Dedeyan et al., 2000), Rigidoporus lignosus (Cambria et al., 2000), Trichophyton rubrum (Jung et al., 2002), Sclerotium rolfsii (Ryan et al., 2003), Coriolopsis fulvocinerea (Shleev et al., 2007) and Pycnoporus sanguineus (Litthauer et al., 2007).

In plants, laccase plays a role in lignifications of xylem tissues and in fungi, they have been implicated to be involved in many cellular processes including, delignification, sporulation, pigment production, fruiting body formation and plant pathogenesis (Palonen et al., 2003).

The optimum pH for the majority of fungal laccases is in the range from 3.5 to 5.0, when organic donors of hydrogen atoms act as substrate (Nikitina et al., 2005). The temperature optimum of the majority of enzymes is in the limit of 50 – 700C  (Ryan          et al., 2003).

Laccase has received a growing attention due to some intrinsic properties such as relatively low substrate specificity, its stability, but also the ability to produce it by using simple and inexpensive culture madia. These make it a promosing tool for the biotransformation of many toxic phenolic compounds such as polycyclic aromatic hydrocarbons. The substrate range can be further extended by inclusion of synthetic or natural mediators (Cabana et al., 2011).

Laccases do not require the addition or synthesis of a low molecular weight cofactor, as their co-substrate oxygen is usually present in their environment. Most laccases are extracellular enzymes, the inducible expression of laccases in most        fungal species also contributes to their easy applicability in biotechnological processes (Couto, 2006).

Potential applications of laccases are in denim bleaching, decolorization and detoxification of dye-containing textile effluents, effluents containing lignin-related compounds and bioleaching of pulp for paper industries (Baldrian, 2006). Many such effluents also contain various inorganic chemicals such as sulfides, sulfates, chlorides, carbonates, peroxides, chlorine bleach compounds and heavy metals. Heavy metals are known to be toxic to white-rot fungi (Baldrian and Gabriel, 1997) and have a negative effect on the activity of ligninolytic enzymes in vitro (Baldrian et al., 1996). Therefore, new sources of laccase through bio-prospecting with better properties such as high salt and heavy metal tolerance and thermostability are required for industrial applications.
Hence the present study entitled “Isolation of metal tolerant microbial laccases from different environmental samples” was carried out with the following objectives.

· To isolate and characterize laccase producing microorganisms from different environmental samples
· To study the growth of laccase producing microbes using different medium

· To screen for the metal tolerant laccases
2.0  REVIEW OF LITERATURE


The review of literature pertaining to the present study entitled “Isolation of metal tolerant microbial laccases from different environmental samples”                   is discussed under the following headings:
2.1 INTRODUCTION 

2.2 LACCASES


DISTRIBUTION AND LOCATION


STRUCTURE AND PROPERTIES

2.3 MECHANISM OF CATALYSIS AND LACCASE CATALYSED REACTION

2.4 LACCASE PRODUCTION

2.5 METAL TOLERANCE OF LACCASE

2.6 APPLICATIONS OF LACCASE
2.1 INTRODUCTION

Laccases ((EC 1.10.3.2), p-diphenol: oxygen oxidoreductases) are multicopper “blue” phenol oxidases, which couple one electron oxidation of a wide range of phenolic and aromatic compounds.  The oxidation reactions catalysed by these enzymes lead to formation of free radicals that, as demonstrated with lignin model compounds, can undergo rearrangements leading to alkyl-aryl cleavage, oxidation of benzyl alcohols and cleavage of side chains and aromatic rings, making them extremely versatile biocatalysts (Salony et al., 2006)

Laccase belongs to the copper-containing oxidases. Other enzymes in this group are the plant ascorbate oxidases and the mammalian plasma protein ceruloplasmin. It was first found in the varnish tree; however, most laccases have been found and studied in lignin-degrading basidiomycetes, white - rot fungi (Ryu et al., 2008).

2.2  LACCASES

DISTRIBUTION AND LOCATION

Yoshida first discovered laccase in 1883 in the sap of the lacquer tree Rhus vernicifera and its biochemistry, structure and mechanism and application have been studied ever since. 

Other plant sources of laccase include: Rhus succedanea, Acer pseudoplatanus, Pinus taeda, Populus euramericana, Liriodendron tulifera, Nicotiana tobacum, Lolium perenne, Zea mays (Sato et al., 2001). In plants, laccases are participate in the formation of polymer lignin via a radical- based mechanism. All plant laccase are monomeric proteins with molecular weights within 90 – 130 KD and high carbohydrate content (22 – 45%). Little is known about higher plant laccases, probably because of their location in cell walls (Morozova et al., 2007).


The majority of laccases characterized to date have been isolated from fungi and new sources continue to be reported. The ability of white rot fungi to degrade not only lignin but also many aromatic xenobiotics is related to laccase enzyme.  The catalytic potential of laccases is limited to their ability to oxidize phenolics (Pozdnyakova et al., 2006).

For dye decolorization, the laccases from a number of fungi such as Sclerotium rolfsii, Trameles modesta, T.hirsuta, T.versicolor, Pleurotus pulmonarius among others have been investigated (Kandelbauer and Guebitz, 2005).
There are also some reports about laccase activity in bacteria. The first prokaryotic laccase reported in soil bacterium Asospirillum lipoferum, was a multimeric enzyme exhibiting three bands with molecular masses of 48.9, 97.8 and 179.3 KD in SDS-PAGE corresponding to catalytic subunit and one or two larger chains. A heterologously expressed laccase from Melanogenic bacterium, Marinomonas mediterranea, showed both the tyrosinase and laccase activities. The best studied bacterial laccase to date is the cotA gene product (cotA), which is a component of the spore coat of Bacillus subtilis (Singh et al., 2007).

Proteins with features typical of laccases have recently identified in insects (Witayakran and Ragauskas, 2009). Some phenol oxidases showing “laccase properties” have been purified from larval and adult cuticles of insects such as Drosophila melanogaster, Lucilia cuprina, Manduca sexta and Sarcophaga bullata (Gianfreda et al., 2010).


The majority of known fungal laccase are extracellular protein, but intracellular laccase of white - rot fungi are also described. The majority of white - rot fungi are shown to produce both intracellular and extracellular laccase, but the greater part of enzyme (95%) is located outside. Both extracellular and intracellular laccase were found in Phanerochaete chrysosporium (Rosconi et al., 2005) and Suillus granulates (Gunther et al., 1998). True intracellular laccase activity was detected in the fungi A. bisporus. The localization of laccase seems to be associated with their physiological functions. Intracellular fungal laccase is involved in the transformation of low molecular weight phenolic compounds produced in the cell. Laccase located in the cell walls and spores may be involved in the synthesis of melanin and other substances protecting the cell wall (Galhaup and Haltrich, 2001).

STRUCTURE AND PROPERTIES

The fungal laccase molecule, as an active holoenzyme form is a dimeric or tetrameric glycoprotein, usually containing four copper (Cu) atoms per monomer bound to three redox sites (type1, type 2 and type 3 Cu pair). The molecular mass of the monomer ranges from about 50 to 100 KD with acidic isoelectric point around pH 4.0 (Duran et al., 2002).

FIGURE 1

STRUCTURE OF LACCASE
[image: image53.jpg]



The carbohydrate moiety of the majority of laccase consists of mannose,           N- acetyl gluosamine, and galactose. Fungal laccase have carbohydrate content of about 10 – 20%. It is believed that the carbohydrate portion of the molecule ensures the conformational stability

Laccases contain four copper atoms that have been classified according to their electron paramagnetic resonance features:

Type I is paramagnetic and imparts blue color to the enzyme, with absorption maximum around 610nm

Type II is also paramagnetic but shows no absorption in the visible spectrum and is positioned close to the type III copper, which has a binuclear Cu(II) centre with absorption around 325nm (oxidized form) (Robinson et al., 2001).

For the catalytic activity, a minimum of four copper atoms per active protein unit is needed.
TABLE  1
STATUS OF COPPER IN FUNGAL LACCASES
	Cu type
	Cu atoms / protein
	EPR signal
	Features
	Coordination
	Function

	1
	1
	+, paramagnetic
	“Blue Cu2+”, absorbance at 610nm (oxidation), redox potential + 785mV
	2 His, 1 Cys, 1 Leu
	Substrate oxidation (one-electron step)

	2
	1
	+, paramagnetic
	“Non-blue Cu2+”(affinity to azide, fluoride, cyanide)
	Trinuclear centre
	Reoxidation of type 1 Cu2+

	3
	2
	-, paramagnetic
	Spin-coupled Cu2+ - Cu2+ pair. Absorbance at 330 nm (oxidation)
	8 His
	Stabilization of an H2O2 intrmediate O2 reduction by enzyme oxidation (four electron transfer)


(Couto, 2006)


The half life of laccase varies from few minutes at 500C for laccase from B. cinneria to 3h at 750C for laccase from Pycnoporus sanguineus (Litthaeur et al., 2007). The reports on the molecular weight, pH optima, substrate specificity and other properties of the laccases show extreme diversity. To what extent this diversity is the result of isolation and purification procedures is unknown. However, the sugar moiety is clearly different among the laccases both in amount and composition (Mayer and Staples, 2002).


Most fungi produce several isoforms of laccase. The number of isoenzymes found depends on condition of cultivation, in particular on the presence of an inducer in the medium (Dong and Zhang, 2004).

2.3 MECHANISM OF CATALYSIS AND LACCASE CATALYSED REACTION
Laccase can catalyse the oxidation of various compounds including                         o, p – diphenols, aminophenols, polyphenols, polyamines. Laccase catalyse the oxidation of the substrate with concomitant reduction of oxygen in water. It oxidizes substrate by removing one electron per time and generates free radicals which can be polymerized (Lu et al., 2007).


Solomon et al. (1996) stated that the rate of oxidation of substrate by laccase is dependent upon its reduction potential i.e., electron transfer from the substrate to the type I site. It is the rate determining step in turnover of the enzyme. Substrate reduces the T1 site in the “native intermediate”, which than transfers the electron to the trinuclear cluster. There are two possible mechanisms for the reduction of the trinuclear cluster : 

A : the T1 and T2 sites together reduce the T3 pair

B : Each copper in the trinuclear cluster is sequencially reduced by electron transfer from the T1 site, in which case the T3 site no longer acts as a two-electron acceptor. Slow decay of the “native intermediate” leads to the resting fully oxidized form.


Laccases are remarkably unspecific in their preference for reducing substrates, and they strongly prefer oxygen as their oxidizing substrate, which is reduced to water in a four-electron transfer shown in the scheme below:

4 substrate (reduced) + O2 + 4H+ + 4e-  gives 2H2O + 4 substrate (oxidized)
(Halaburgi et al., 2011).
2.4 LACCASE PRODUCTION

Laccase production has been found to be highly dependent on the conditions for cultivation and nutritive media composition.  Laccases were generally produced at low concentrations, but higher yields were achieved with addition of xenobiotic compounds such as xylidene, lignin and veratryl alcohol is known to increase and induce laccase  activity.  Some of these compounds affect the metabolism or growth rate, while others, such as ethanol, indirectly trigger laccase production (Xavier et al., 2001). Lu et al. (1996) found that the addition of cellobiose can induce profuse branching in certain Trametes sp. And consequently increase laccase activity.  The addition of low concentrations of copper to the cultivation media of laccase – producing fungi stimulates laccase production (Stoilova and Krastanov, 2008).

Gallic acid and ferulic acid are other examples of inducers which enhance production of laccase from Botrytis cinerea and Pleurotus sajor-caju respectively. Laccase production from Coriolus hirsutus is also increased by syrangaldazine and guaiacol (Skorobogatko et al., 1996).

2.5 METAL TOLERANCE OF LACCASE
Heavy metals are natural constituents of the earth crust.  A number of these elements are biologically essential and are introduced into aquatic enrichments by various anthropogenic activities (Omar et al., 2004).  
Generally, the distribution of these metals is influenced by the nature of parent materials, climate and their relative mobility depending on soil parameters such as mineralogy, texture and classification of soil (Krishna and Govil., 2007).

Over the post decade, the consumption of metals and chemicals in the process industries has increased dramatically.  Industrial uses of metals such as metal plating, cannaries, industrial processes utilizing metal as catalysts, have generated large amount of aqueous effluents that contain high levels of heavy metals.  These heavy metals include cadmium, chromium, cobalt, copper, iron, manganese, mercury, molybdenum, nickel, silver and zinc.  Metal polluted industrial effluents discharged into sewage treatment plants could lead to high metal concentrations in the activated sludge.  Microbial population in metal polluted environments contain micro-organisms which have adapted to toxic concentrations of heavy metals and become “metal-resistant” (Loung et al., 2000).

The influence of different metal ions on laccase activity and laccase-catalyzed dye decolorization in vitro conditions using crude laccase obtained from a white rot fungus Ganoderma lucidu was studied. Laccase activity was enhanced by metal ions such as Ca2+, Co2+, Cu2+ and Zn2+ at low concentrations (1 mM). Increasing the concentration of metal ions except that of Cu2+ and Zn2+ up to 5 mM and above decreased the enzyme activity. Among several heavy metals, Fe2+ highly inhibited the enzyme activity (Murugasen, 2009). The activity was inhibited in the presence of Cr and W, whereas in the presence of Sn, Ag and Hg the inhibition was only ~32 – 37 % . The other metal ions did not show significant inhibition. The enzyme was not inhibited by Pb, Fe, Ni, Li, Co and Cd at 1 mmol  (Ticlo et al., 2009).

The laccase was inhibited by NaN3 (sodium azide), EDTA and p- coumarate but not by SDS and NaBr.  Laccase was stable in the presence of some metal ions such as Cu2+, Ca2+, Co2+, Cd2+, Mg2+, Mn2+, Mo2+, Ni2+, Li2+ and Al3+.  The crude enzyme as well as the purified laccase was able to decolorize dyes from the textile industries, including Remazol Brilliant Blue R, neolane blue and neolane pink.  The high levels of laccase secreted by the P.teppropora fungal strain as well as its stability suggest that it could be a useful tool for environmental applications (Younes et al., 2007).
2.6 APPLICATIONS OF LACCASE


Laccases are an important group of enzymes reported to find useful applications in waste detoxification, decontamination and textile dye transformations (Salony et al., 2006).  An important feature of fungal laccases is a covalently linked carbohydrate moiety (10-45%), which may contribute to the high stability of the enzyme (Duran          et al., 2002).  The use of laccases in the textile industry is growing very fast, since besides to decolorize textile effluents, laccases are used to bleach textiles (Vinod et al., 2001), synthetic dyes, and modify the surface of fabrics (Zille, 2005).


The first commercial use of laccases in textile industry was in the denim – washing process, where LMS was used to reduce backstaining, enhance abrasion levels and bleach indigo.
Denim finishing

Denilite, the first industrial laccase and the first bleaching enzyme acting with the help of a mediator molecule. USA has launched Denilite II based on a new type of laccase with higher activity than that of Denilite I.  The company Zytex developed a formation based on LMS capable of degrading indigo in a very specific way.  The trade name of the product is Zylite (Couto et al., 2006).


Campos et al. (2001) reported the degradation of indigo both in effluents and on fabrics using purified lacasses from Trametes hirsuta and Slerotium rolfsii in combination with redox – mediators and reported that bleaching of fabrics by the laccases correlated with the release of indigo degradation products.  More recently Pazarlogliu et al. (2005) showed that a phenol – induced laccase from Trametes versicolor was an effective agent for stone washing of denim fabric without using a mediator.  Moreover, they found that T.versicolor laccase without a mediator was more effective than commercial laccase (obtained from recombinant Aspergillus niger) with a mediator.
Cotton bleaching


The enhancement of the bleaching effect achieved on cotton fabrics using laccases in low concentratios was reported by Tzanov et al. (2003). In addition, the short time of the enzymatic pre-treatment sufficient to enhance fabric whiteness makes this bio-process suitable for continuous operations.  Also, Pererira et al. (2005) showed that a laccase from a newly isolated strain of T.hirsuta was responsible for whiteness improvement of cotton most likely due to oxidation of flavonoids.  More recently, Basto et al. (2006) proposed a combined ultrasound laccase treatment for cotton bleaching.  They found that the supply of low ultrasound energy enhanced the bleaching efficiency of laccase on cotton fabrics.
Rove scouring


Sharma et al. (2005) showed that laccase was able to color wool fabric that was previously padded with hydroquinone.  More recently, Tzanov et al. (2003) and Zille (2005) also proved the ability of laccases for wool dyeing.  They used a dye bath prepared with a dye precursor (2, 5 – diamino benzene sulfonic acid), dye modifiers (catechol and resorcinol) and laccase, without any dying auxiliaries.  Wool-dyeing with laccase is an economically attractive alternative to the conventional process, which uses high amounts of water, auxiliaries, acid and energy.  This laccase application is a promising technology especially for the coating of natural and synthetic materials.

Anti-shrink treatment for wool


About the use of laccase from T.versicolor plus a mediator to increase the shrink resistance of wool (Yoon, 1998).  Also Lantto et al. (2004) found that wool fibres can be activated with laccase if a suitable mediator is present.  Therefore, the use of laccase for anti-shrink treatment of wool seems very attractive.
Food industry


Laccases can be applied to certain processes that enhance or modify the color appearance of food or beverage. In this way, an interesting application of laccases involves the elimination of undesirable phenolics, responsible for the browninghaze formation and turbidity development in clear fruit juice, beer and wine. Laccase are currently of interest in baking due to its ability to cross-link biopolymers. The potential applications of laccase in different aspects of the food industry such as bioremediation, beverage processing, ascorbic acid determination, sugar beet pectin gelation, baking and as a biosensor (Xiang et al., 2007).

Pulp and paper industry


The pre-treatments of wood pulp with laccase can provide milder and cleaner strategies of delignification that also respect the integrity of cellulose. Laccases are able to delignify pulp when they are used together with mediators. The mediator is oxidized by laccase and the oxidized mediator molecule further oxidizes subunits of lignin that otherwise would not be laccase substrates. Furthermore, the application of laccases in pulp-kraft bleaching may result in higher pulp yields and energy savings. In another related application, laccases can be even used for deinking and decolrizing a printed-paper. Laccases can also be used for binding fiber, particle and paperboards (Kunamneni et al., 2008).

Soil bioremediation


Laccases were able to mediate the coupling of reduced 2, 4, 6 trinitrotoluene (TNT) metabolites to an organic soil-matrix, which resulted in detoxification of the munition residue. Laccases also degrades PAHs (Poly Aromatic Hydrocarbons), which arise from natural oil deposits and utilization of fossil fuels (Couto and Herrera, 2006).

Synthetic chemistry


Laccases are able to catalyze the oxidation of various low molecular weight compounds, specifically phenols and anilines, while concomitantly reducing molecular oxygen to water. Because of their high stability, selectivity for phenolic substructures, and mild reaction conditions, laccase are attractive for fine chemical synthesis. Laccase can catalyze the axidation of a variety of compounds, including ortho- and para- benzenediols, polyphenols, amino phenols, polyamines, lignin, aryldiamines, and a number of inorganic ions biotechnology (Arora and Sharma., 2010).

3.0  EXPERIMENTAL PROCEDURE

Laccase can be used in various fields like drug analysis, wine clarification, bioremediation of paper mill effluent, decolorization of synthetic dyes and biosensors because of its low substrate specificity. The practical applications of laccase in biotechnology have resulted in the need for expanding the spectrum of microorganisms with laccase activities and isolating novel laccase with different physicochemical and catalytic properties (Lu et al., 2007).  However, a majority of the previous studies have been focused on relatively few species and there are only limited researches carried out with the laccase produced micro organisms. Hence the present investigation was undertaken to isolate metal tolerant microbial laccases from different environmental samples. The experimental procedure adopted for the study is discussed under the following headings:

3.1  SAMPLE COLLECTION

3.2  ISOLATION OF MICROORGANISMS
3.2.1  ISOLATION OF BACTERIA

3.2.2  ISOLATION OF FUNGI

3.3  SCREENING FOR LACCASE PRODUCING MICROORGANISMS

3.3.1  SCREENING OF LACCASE PRODUCING BACTERIA

3.3.2  SCREENING OF LACCASE PRODUCING FUNGI

3.4  IDENTIFICATION OF MICROORGANISMS
3.4.1  IDENTIFICATION OF BACTERIA

3.4.2  IDENTIFICATION OF FUNGI

3.5 GROWTH CHARATERISATION IN TERMS OF LACCASE ACTIVITY USING DIFFERENT LIQUID MEDIA

3.5.1  BACTERIAL MEDIUM

3.5.2  FUNGAL MEDIUM
3.6  PREPARATION OF CRUDE ENZYME EXTRACT
3.7  QUANTITATIVE ASSAY FOR LACCASE

3.8  EFFECT OF METALS ON LACCASE ACTIVITY
3.1 SAMPLE COLLECTION


The effluent released from textile dyeing industry and the soil samples at the dyeing industry effluent discharge sites and automobile waste disposable sites were selected for the isolation of novel microbial laccases. The effluent samples were obtained locally, aseptically from the selected dyeing units situated in and around Tirupur (Plate 1). The effluent samples were collected from the discharge and drainage sites of textile dyeing industries and stored in sterile containers. The soil samples were collected near the places where the effluent is discharged from the textile industries Plate 2 and automobile disposal sites at Pollachi. The soil samples were stored in sterile ziplock covers. All the samples were stored at 40C and used without any pretreatment. 
                               PLATE 1

TEXTILE EFFLUENT DISCHARGE SITE
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                                PLATE 2  

             SOIL NEAR THE EFFLUENT DISCHARGE SITE
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The textile effluent and soil samples were collected from two different industries at five different areas as given below:

Textile industry 1 (Plate 3)
· Effluent from tank  samples (TM1, TM8, TM9)

· Effluent from pits near the tank (TM4)

· Soil beneath the tank (TMS1)

· Soil from second tank (TMS8)

· Dried soil sample (TMS5, TMS4)

Textile industry 2 (Plate 4)
· Effluent from tank (TG1) 

Automobile industry (Plate 5)
· Soil sample (AS1, AS2)

PLATE 3


TEXTILE EFFLUENT SAMPLE
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PLATE 4 

SOIL SAMPLE FROM EFFLUENT DISCHARGE SITE


PLATE 5 

SOIL SAMPLE FROM AUTOMOBILE WASTE DISPOSAL SITE

3.2 ISOLATION OF MICROORGANISMS
3.2.1 ISOLATION OF BACTERIA

Soil and dye effluent samples were spread plated on Nutrient Agar medium in different dilutions and incubated at 370C. Morphologically different colonies were identified. The protocol is explained in Appendix I.
3.2.2 ISOLATION OF FUNGI
Soil and dye effluent samples were spread plated on Potato Dextrose Agar (PDA) medium containing 0.01% chloramphenicol which was added to the media after autoclaving to inhibit the growth of bacteria and incubated at 300C for 7 days. Morphologically different colonies were identified. The detailed procedure is given in Appendix II.


Discrete colonies that developed on agar plates were initially grouped based on colony morphology. All the isolated strains were then sub-cultured.

3.3 SCREENING FOR LACCASE PRODUCING MICROORGANISMS

3.3.1 SCREENING OF LACCASE PRODUCING BACTERIA

The morphologically different bacterial colonies were streaked on Nutrient Agar plates supplemented with Guaiacol (0.01%), Remazol Brilliant Blue R (0.04%) and Tannic acid (0.5%). The plates were incubated at 370C and the strains which gave clear positive color reactions were subcultured.

3.3.2 SCREENING OF LACCASE PRODUCING FUNGI
Fungi were cultivated by placing pieces of the samples on Potato Dextrose Agar medium containing the following indicator compounds: Guaiacol (0.01%), Remazol Brilliant blue R (0.04%) and Tannic acid (0.5%). In addition 0.01% Chloramphenicol was added to the media (after autoclaving) so as to inhibit the growth of bacteria. The plates were incubated at 300C and the strains which gave clear positive color reactions were subcultured.

3.4 IDENTIFICATION OF MICROORGANISMS

3.4.1 IDENTIFICATION OF BACTERIA
The isolated colonies were studied for their morphological, physiological and biochemical characteristics (Bergey’s manual of Systematic Bacteriology, 1986). The various biochemical tests conducted for identification and the Appendices in which the procedures described are given in Table 2. 

TABLE  2
MORPHOLOGICAL AND BIOCHEMICAL TESTS 
FOR BACTERIA

	S.NO.
	BIOCHEMICAL TEST
	APPENDIX

	1.
	Staining method
	III

	2.
	Carbohydrate test
	IV

	3.
	Catalase test
	V

	4.
	Starch test
	VI

	5.
	Triple sugar ion test
	VII

	6.
	Indole test
	VIII

	7
	MR test
	IX

	8
	VP test
	X

	9
	Citrate test
	XI


3.4.2 IDENTIFICATION OF FUNGI


The isolated fungal strains were identified based on colony characters, sporogenous structures and by Lactophenol cotton blue staining method. Based on the morphological characters the fungi were identified (Appendix XII).

3.5 GROWTH CHARATERISATION IN TERMS OF LACCASE ACTIVITY USING DIFFERENT LIQUID MEDIA

3.5.1 BACTERIAL MEDIUM

For bacterial cultures, the test for the laccase production was carried out in 15ml each of Nutrient broth and Man Rogosa Sharpe (MRS) broth. The broths were incubated at 370C in a shaker incubator for 3 days. Each day, 1ml of the medium was centrifuged at 5000rpm for 10 minutes and the supernatant was taken to examine laccase activity.

3.5.2 FUNGAL MEDIUM

Fungal strains showing positive reactions in the plate-test screening were grown in two different types of liquid media such as Malt Extract Broth (MEB) and Yeast Malt Broth (YMB) to test for the production of laccase. A small piece of the fungal mat was taken from the PDA plate and inoculated into 100ml of MEB and YMB in 250ml Erlenmeyer flasks at 25 - 300C in a rotatory shaker at 120rpm for 12 days. Each day, 1ml of the medium was centrifuged at 5000 rpm for 10 minutes and the supernatant was taken to examine the laccase activity.

3.6  PREPARATION OF CRUDE ENZYME EXTRACT


The liquid culture was harvested (10 days for fungi and overnight culture for bacteria) and centrifuged at 5000 rpm for 10 minutes. The supernatant was used as crude enzyme extract.

3.7  QUANTITATIVE ASSAY FOR LACCASE

The laccase activity was estimated in the crude enzyme extract by the method of Bourbannais and Paice (1990). The activity was expressed in terms of U / ml. This is defined as 1micromol of product formed per minute per ml of culture supernatant. The procedure is explained in Appendix XIII.

3.8 EFFECT OF METALS ON LACCASE ACTIVITY

The metal tolerant laccase was determined by incubating the crude enzyme extract with 100mM of metal solution (Cu, Hg, Ni, Zn, Mg), 0.1M sodium acetate buffer and 0.4M ABTS at room temperature for 10 minutes, after which laccse activity was measured. The laccase activity of enzyme extract without the metal ions was taken as 100%. From this the laccase activity in the enzyme extracts containing various metal ions was calculated.
4.0  RESULTS AND DISCUSSION
Applications utilizing microbial enzymes as biocatalysts at the industrial scale are examples of so-called white biotechnology or green (sustainable) chemistry, which is recognized at the European level as one of the main sections for development in a biobased economy. Due to harsh industrial process conditions that may include high temperature and/or pressure, high salt concentrations, acidic or alkaline pH, oxidative conditions, high shear forces or short delays, resistant enzymes are required. In addition there is a current need for enzymes with new catalytic properties for potential innovations and breakthrough in industrial biotechnology (Hilden et al., 2009).

Laccases are used for various industrial processes. The activity of laccase is affected by several metal ions such as Na, K, Zn, Mg, Fe and Ba. In order to utilize laccase for various biotechnological applications, the availability, cost of production and unique biochemical properties must be studied in detail. In view of the broad biotechnological application of laccases, there is a scientific need to identify different sources of laccase having diverse properties, so that suitable laccase for various applications could be identified. Hence in the present study, laccase producing microbes were screened from different environmental samples and its metal tolerance was studied.

In the present investigation, environmental samples such as textile industry effluent and soil samples collected from effluent discharge site and automobile waste disposal site were selected and subjected for the isolation and screening of metal tolerant laccase producing microbes.

The results obtained in the present study are discussed under the following headings:

4.1  ISOLATION OF MICROORGANISMS

         4.1.1 Isolation of Bacteria

         4.1.2 Isolation of Fungi

4.2  SCREENING FOR LACCASE PRODUCING MICROORGANISMS
4.2.1 Screening of Bacteria

4.2.2 Screening of Fungi

4.3 IDENTIFICATION OF MICROORGANISMS

       4.3.1 Identification of Bacteria          

       4.3.2 Identification of Fungi  

4.4 GROWTH CHARACTERIZATION IN LIQUID MEDIA

      4.4.1 Growth Characterization of Bacteria  


      4.4.2 Growth Characterization of Fungi  
4.5 SCREENING FOR METAL TOLERANT LACCASE
      4.5.1 Metal tolerance of Bacteria

      4.5.2 Metal tolerance of Fungi

4.1 ISOLATION OF MICROORGANISMS
4.1.1 Isolation of Bacteria

The environmental samples which were subjected to different dilutions and  plated on Nutrient Agar medium gave rise to morphologically distinct colonies after           48 hours of incubation at 370C. The morphologically distinct colonies are shown in Plate 6.
A total of 24 morphologically distinct bacterial colonies were isolated and identified from selected environmental samples. These morphologically distinct colonies were streaked on plate containing nutrient agar as quadrant streak to isolate the colonies and then sub-cultured for at least 3 times to get single isolate and stored at 40C (Plate 7) .
Arun Prasad and Bhaskar Rao (2010) isolated 30 bacterial strains from textile effluent collected from Winner dyeing industry located in Tirupur, Tamilnadu. They reported the decolorization ability for 3 bacterial strains.
4.1.2  Isolation of Fungi
The serially diluted environmental samples which were plated on PDA containing 0.01% Chloramphenicol and incubated at 300C for 7 days showed morphologically distinct fungi at the end of the incubation period (Plate 8).
PLATE 6

MORPHOLOGICALLY DISTINCT COLONIES OBSERVED IN SERIALLY DILUTED ENVIRONMENTAL SAMPLES
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PLATE 7

PURE CULTURES OF THE SINGLE BACTERIAL ISOLATES FROM DIFFERENT ENVIRONMENTAL SAMPLES

[image: image4.jpg]


[image: image5.jpg]


[image: image6.jpg]



PLATE 8

MORPHOLOGICALLY DIFFERENT FUNGAL COLONIES ISOLATED FROM THE SELECTED ENVIRONMENTAL SAMPLES

[image: image7.jpg]


[image: image8.jpg]


[image: image9.jpg]



PLATE 9

PURE CULTURE ISOLATE OF THE SINGLE FUNGAL COLONY FROM DIFFERENT ENVIRONMENTAL SAMPLES
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Eleven different fungal isolates were identified from the selected environmental samples. These isolates were subcultured and stored at 40C. The pure culture of single fungal isolate is shown in Plate 9. 

The environmental samples namely decomposing tree stup, oak leaf compost, birch log, spruce pile chip pile, test compost of municipal biowaste at different composting stages, crude cork material and soil pulp samples were collected from Finland and analyzed for their novel Fungi producing ability.They reported 26 positive fungal strains from these environmental samples (Kiskiinen et al., 2004). 
4.2 SCREENING FOR LACCASE PRODUCING MICROORGANISMS

The correlation between positive reactions with different indicators was investigated by cross-cultivating positive strains on all different indicator plates. With guaiacol a positive reaction is indicated by the formation of a reddish-brown halo (Nishida et al., 1988), while with tannic and gallic acid, the positive reaction is a dark-brown coloured zone (Harkin and Obst, 1973). The positive reaction of the polymeric dye RBBR is a colourless halo around microbial growth (D’Souza al., 1999; Raghukumar et et al., 1999). In the present investigation, the isolated organisms were tested for their laccase producing ability using indicator systems namely guaiacol, Remazol Brilliant Blue (RBRR) and tannic acid.

The color reactions obtained for the isolated organisms were compared with those of the control organism namely Trametes hirsuta (MTCC No. 136) which was obtained from the MTCC, Chandigarh. The results with guaicol, RBBR and tannic acid are shown in Plate 10.

PLATE 10

THE REACTION OF T.hirsuta WITH THE INDICATOR COMPOUNDS 


     10.a Trametes hirsuta with guaicol               10.b Trametes hirsuta with RBBR            


10.c Trametes hirsuta with tannic acid
4.2.1 Screening of Bacteria
Twenty four isolated bacterial colonies were screened for the production of laccase by using different indicator system and the results obtained are depicted in Table 3.

TABLE  3
COMPARISON OF  LACCASE PRODUCING ABILITY OF THE ISOLATED BACTERIAL STRAINS USING DIFFERENT 
INDICATOR SYSTEM

	S.No
	SAMPLE NAME
	GUAIACOL
	RBBR
	TANNIC ACID

	1. 
	TG1 10-2
	Positive
	Negative
	Negative

	2. 
	TG1 10-2 I
	Negative
	Negative
	Negative

	3. 
	TG1 10-2 II
	Negative
	Negative
	Negative 

	4. 
	TM4 10-1 
	Positive
	Positive
	Negative

	5. 
	TM4 10-2
	Negative
	Negative
	Negative

	6. 
	TM4 10-2 I
	Negative
	Negative
	Negative

	7. 
	TM4 10-3
	Positive
	Negative
	Negative

	8. 
	TM4 10-4
	Positive
	Positive
	Negative

	9. 
	TM4 10-5
	Positive
	Positive
	Negative

	10. 
	TM4 10-6
	Positive
	Positive
	Negative

	11. 
	TM9 10-2
	Positive
	Positive
	Negative

	12. 
	TM9 10-2 I
	Negative
	Negative
	Negative

	13. 
	TM9 10-3
	Positive
	Negative
	Negative

	14. 
	TM9 10-3 I
	Negative
	Negative
	Negative

	15. 
	TM9 10-4
	Negative
	Negative
	Negative

	16. 
	TM9 10-5
	Positive
	Negative
	Negative

	17. 
	TMS8 10-2
	Negative
	Negative
	Negative

	18. 
	AS1 10-4 I
	Positive
	Negative
	Negative

	19. 
	AS1 10-4 II
	Positive
	Negative
	Negative

	20. 
	AS1 10-4 III
	Negative
	Negative
	Negative

	21. 
	AS2 10-2
	Positive
	Positive
	Negative

	22. 
	AS2 10-7 I
	Positive
	Positive
	Negative

	23. 
	AS2 10-7 II
	Negative
	Negative
	Negative

	24. 
	AS1 10-5 II
	Positive
	Positive
	Negative


PLATE 11

BACTERIAL GROWTH ON NUTRIENT AGAR PLATES 
SUPPLEMENTED WITH GUAICOL
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PLATE 12

BACTERIAL GROWTH ON NUTRIENT AGAR PLATES 
SUPPLEMENTED WITH RBBR
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PLATE 13

NO BACTERIAL GROWTH ON NUTRIENT AGAR PLATES SUPPLEMENTED WITH TANNIC ACID
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Of 24 morphologically different bacterial strains that have been isolated from effluents and soil samples, 14 strains showed positive color reactions in guaicol supplemented plates and only five showed positive reactions in both guaicol and RBBR. The strains which showed positive reactions in guaicol and RBBR plates were taken for further analysis. It was seen that all the bacterial strains did not show any kind of growth in tannic acid  (Plate 11,12 & 13). 


It was seen that all the bacterial strains did not show any kind of growth in tannic acid. This is because tannic acid is reported to have antibacterial properties. Catechin and pyrogallol, found in vegetable tannins, are phenols toxic to microorganisms. There are two hydroxyl groups in the catechin and three in pyrogallol. The number and location of hydroxyl groups in the phenolic compounds are the key factors in their toxicity to microorganisms. As the number of the hydroxyl groups increases, so does the toxicity (Çolak et al., 2010).
4.2.2 Screening of Fungi

The isolated fungal strains were screened for the production of laccase by using different indicator systems. The results obtained are presented in Table 4 and Plate 14, 15, 16.

TABLE  4

COMPARISON OF  LACCASE PRODUCING ABILITY OF THE 
ISOLATED FUNGAL STRAINS USING DIFFERENT 
INDICATOR SYSTEM
	S NO.
	SAMPLE NAME
	GUAIACOL
	RBBR
	TANNIC ACID

	1. 
	TG1 10-1
	Positive
	Positive
	Positive

	2. 
	TG1 10-2
	Negative
	Negative
	Negative

	3. 
	TG1 10-3
	Positive
	Positive
	Negative

	4. 
	TM4 10-4
	Positive
	Positive
	Negative

	5. 
	TM8 10-1
	Positive
	Negative
	Positive

	6. 
	TM810-2
	Positive
	Positive
	Positive

	7. 
	TMS4 10-1
	Positive
	Positive
	Positive

	8. 
	TMS5 10-1
	Positive
	Positive
	Positive

	9. 
	TMS5 10-3
	Positive
	Positive
	Positive

	10. 
	TMS8 10-4
	Positive
	Negative
	Positive

	11. 
	AS2 10-10
	Positive
	Positive
	Positive


PLATE 14

 FUNGAL GROWTH ON POTATO DEXTROSE AGAR PLATES SUPPLEMENTED WITH GUAICOL
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PLATE 15

FUNGAL GROWTH ON POTATO DEXTROSE AGAR PLATES SUPPLEMENTED WITH RBBR
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PLATE 16

FUNGAL GROWTH ON POTATO DEXTROSE AGAR PLATES SUPPLEMENTED WITH TANNIC ACID
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Of the 11 morphologically different fungal strains that have been isolated from textile industry effluent and soil samples, 10 strains showed positive reaction with guaiacol, 8 strains showed positive reaction in both guaiacol and RBBR and 6 strains showed positive reaction in all the three indicator compounds. The 10 strains which showed positive reactions in guaiacol plates were taken for further analysis. 
4.3 IDENTIFICATION OF MICROORGANISMS

4.3.1 Identification of Bacteria         

The staining and biochemical tests, carried out for the identification of bacterial strains revealed that TG1 10-2, TM4 10-6, TM9 10-1, AS1 10-4II and AS2 10-7 I belong  to Bacillus sp. While the strains TM4 10-1 and TM4 10-3 belong to Lactobacillus.           TM4 10-5, TM9 10-3, TM9 10-5, AS1 10-4 I, AS2 10-7 I and AS1 10-5 II strains must be subjected for further analysis for identification (Table 5).
4.3.2 Identification of Fungi
Microscopic view of fungi after staining with Lactophenol cotton Blue revealed that Nigrospora, penicillium, Absidia, Aspergillus, Ouambalaria and Alternaria present in the textile industry samples. Myrothecium was found to be present in the samples obtained from automobile industry. The identified isolated fungal strains are presented in Table 6.
          Zope (2007) performed slide culture technique and morphological studies using the staining method of Lactophenol cotton Blue. They reported conidiospores, arising from a footcell, basipetal conidia on phialides (1 or 2 series) on vesicle. This indicated the fungi isolated from the environmental sample belong to A. niger.



BIOCHEMICAL CHARACTERIZATION OF BACTERIA
	SAMPLE NAME AND TEST
	TG1

10-2
	TM4

10-1
	TM4

10-3
	TM4

10-4
	TM4

10-5
	TM4

10-6
	TM9

10-2
	TM9

10-3
	TM9

10-5
	AS1

10-4 I
	AS1

10-4 II
	AS2

10-2
	AS2

10-7 I
	AS1

10-5 II

	GRAM STAIN
	Positive, Short, Rod
	Positive, Short, Rod
	Positive, Long, Rod
	Positive, Long, Rod
	Positive, Long, Rod
	Positive, Short, Rod
	Positive, Short, Rod
	Positive, Short, Rod
	Positive, Short, Rod
	Positive, Long, Rod
	Positive, Long, Rod
	Positive, Short, Rod
	Positive, Long, Rod
	Positive, Short, Rod

	CARBOHYDRATE TEST
	+
	+
	+
	+
	-
	+
	+
	+
	+
	+
	+
	+
	+
	+

	CATALASE TEST
	+
	-
	-
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+

	STARCH TEST
	+
	+
	-
	-
	-
	-
	-
	-
	+
	-
	-
	+
	+
	-

	TRIPLE SUGAR ION TEST
	-
	-
	+
	+
	+
	+
	-
	-
	+
	+
	+
	-
	+
	+

	MR TEST
	-
	+
	+
	-
	-
	-
	-
	+
	+
	+
	-
	+
	-
	+

	VP TEST
	+
	-
	-
	+
	-
	+
	+
	-
	-
	-
	+
	-
	+
	-

	CITRATE TEST
	-
	-
	-
	-
	-
	-
	+
	+
	+
	-
	-
	-
	-
	-

	INDOLE TEST
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	GENUS IDENTIFICATION
	B
	L.b
	L.b
	B
	-
	B
	B
	-
	-
	-
	-
	-
	-
	-


+   - positive

· - negative

B – Bacillus sp.,

L.b – Lactobacillus sp.,
TABLE  6

MORPHOLOGICAL CHARACTERISTICS OF FUNGI

	STRAIN
	COLONY MORPHOLOGY
	LACTOPHENOL COTTON BLUE
	GENUS IDENTIFIED

	TG1 10-1
	White smooth on the front side. Back side yellow/buff colour
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	Nigrospora

	TG1 10-3
	White to greenish color colonies
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	Penicillium

	TM4 10-4
	White to brown color colonies with rough ends
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	Not identified


TABLE  6 (Contd…)

	TM8 10-1
	White colony colonies on the front side, black color on the back side
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	Absidia

	TM810-2
	White to greenish color colonies
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	Aspergillus sp.

	TMS4 10-1
	White to grey colour colonies with rough ends
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	Not identified


TABLE  6 (Contd…)

	TMS5 10-1
	Brown color colonies which do not spread over the entire plate
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	Quambalaria 

	TMS5 10-3
	White to brown color colonies
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	Alternaria


	TMS8 10-4
	White cottony growth sread over the entire plate
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	Not identified

	AS2 10-10
	Grey to white colony with rough ends
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	Myrothecium


4.4 GROWTH CHARACTERIZATION IN LIQUID MEDIA

4.4.1 Growth Characterization of Bacteria 


The laccase production and growth rate were studied in two individual media broth namely  NB and  MRS and left for overnight. The optical density was measured for each strain after overnight incubation and presented in Figure 2.
FIGURE 2

OPTICAL DENSITY OF DIFFERENT BACTERIAL STRAINS 
IN TWO DIFFERENT MEDIA
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S1 - TG1 10-2, S2 - TM410-1, S3 - TM4 10-3, S4 - TM4 10-4, S5 - TM4 10-5,                S6 - TM4 10-6, S7 - TM9 10-2, S8 - TM9 10-3, S9 - TM9 10-5, S10 - AS1 10-4 I, 

S11 - AS1 10-4 II, S12 - AS2 10-2, S13 - AS2 10 -7 I, S14 - AS1 10- 5 II

From Figure 2 it is evident  that the nutrient broth was optimal for the growth of all bacterial strains isolated. In this AS2 10-2 sample showed maximum growth in both NB and MRS when compared to other samples.


It can be seen Figure 3 laccase activity was found to be maximum for all the  strains in Nutrient broth except TM410-5, TM9 10-5, AS1 10-4 II and AS210-2. Of all the 14 bacterial strains tested, laccase production was maximum in TM410-4 followed by TM410-1, AS210-7, TG1 10-2, TM4 10-6 and AS1 10-4.

FIGURE 3

LACCASE ACTIVITY OF DIFFERENT BACTERIAL STRAINS 
IN DIFFERENT MEDIA
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The MRS broth was found to be best suited for laccase production eventhough growth rate was found to be optimal for Nutrient broth.

4.4.2 Growth Characterization of fungi and laccase activity

Isolated fungal strains  were inoculated in two different media namely YMB and MEB and incubated at 300C for 10 days. After 10 days the culture was harvested and centrifuged at 5000 rpm for 10 minutes. The supernatatant (Crude enzyme extract) was used for the quantitative measurment of laccase activity. The result obtained is shown in Figure 6.
TABLE 7

LACCCASE ACTIVITY IN YEAST MALT BROTH AND 
MALT EXTRACT BROTH

	SAMPLE NAME
	YMB
	MEB

	TG1 10-1
	0.008
	0.003

	TG1 10-3
	0.019
	0.004

	TM4 10-4
	0.012
	0.004

	TM8 10-1
	0.015
	0.022

	TM810-2
	0.014
	0.004

	TMS4 10-1
	0.008
	0.041

	TMS4 10-2
	0.01
	0.029

	TMS5 10-1
	0.009
	0.023

	TMS5 10-3
	0.016
	0.01

	TMS8 10-4
	0.001
	0.01

	AS2 10-10
	0.01
	0.003


FIGURE 4

LACCASEACTIVITY OF  FUNGAL STRAINS IN YEAST MALT 
BROTH AND MALT EXTRACT BROTH 
F1 - TG1 10-1, F2 - TG1 10-3, F3 - TM4 10-4, F4 - TM8 10-1, F5 - TM8 10-2 ,                    F6 - TMS4 10-1, F7 - TMS5 10-1,   F8 - TMS5 10-3, F9 - TMS8 10-4, F10 - AS2 10-2.

From the above Figure, it could be inferred that TG110-3, TM410-4, TM810-1, TM810-2, TMS510-3 and AS210-10 had maximum production of laccase in YMB whereas TM810-1, TMS410-1, TMS410-2, TMS510-1, TMS510-3 and TMS810-4 showed maximum production in MEB. TMS410-1 strain produced highest laccase activity followed by TMS410-2 and TMS510-1 in MEB. These results revealed that laccase activity was depending on the medium used and highest laccase activity was detected with MEB medium. 

Supplementation of agricultural residues to MSB (Mineral Salt Broth) showed sugarcane bagasse to be the best substrate which enhanced the enzyme production up to 84-fold in P. oridensis followed by wheat straw and rice straw giving 59- and 22- fold respective increase in the same organism. Supplementing these residues to MEB did not give any significant enhancement (Arora and Chander, 2004).

4.5 SCREENING FOR METAL TOLERANT LACCASE

Different metal ions are used in the production of dyes. Hence the effluent released from the textile dyeing industries contains metal ions. The interaction of metal ions with the lignolytic enzymes is very important for the understanding of the regulation of biotechnological process of microbial degradation of xenobiotics. Therefore the stability of isolated microbial laccase activity against some of the metal ions such as Zn, Mg, Hg and Ni which are normally present in waste water effluent was assessed.
4.5.1 Screening of Metal Tolerant Bacterial Laccase


The tolerance of isolated bacterial laccase against metal ions namely Zn, Mg, Hg and Ni in terms of specific activity and relative activity is presented in Table 8.
TABLE 8

EFFECT OF METAL IONS ON BACTERIAL LACCASE ACTIVITY
	Strain
	Control Specific Activity (U/ml)
	Zn
	Mg
	Hg
	Ni

	
	
	Specific Activity (U/ml)
	Relative activity %
	Specific Activity (U/ml)
	Relative activity %
	Specific Activity (U/ml)
	Relative activity %
	Specific Activity (U/ml)
	Relative activity %

	TG110-2
	0.008
	NA
	-
	NA
	-
	NA
	NA
	NA
	NA

	TM410-1
	0.003
	NA
	NA
	0.0001
	3
	0.002
	67
	0.001
	33

	TM410-3
	0.003
	0.0002
	8
	0.0001
	3
	0.0014
	46
	0.002
	66

	TM410-4
	0.009
	0.001
	11
	0.001
	11
	0.0011
	11
	0.003
	33

	TM410-5
	0.003
	0.00012
	4
	NA
	-
	0.0002
	6.7
	0.002
	66

	TM410-6
	0.002
	0.0002
	10
	0.0002
	10
	0.0002
	10
	0.0002
	10

	TM910-2
	0.002
	NA
	NA
	NA
	NA
	0.001
	50
	0.001
	50

	TM910-3
	0.002
	0.001
	50
	0.00006
	3
	0.001
	50
	0.001
	50

	TM910-5
	0.002
	0.0005
	50
	0.0005
	50
	0.0002
	10
	0.0002
	10

	AS110-4I
	0.012
	0.0001
	0.8
	0.0001
	0.8
	NA
	NA
	NA
	NA

	AS210-2
	0.003
	NA
	NA
	NA
	NA
	0.0008
	27
	0.001
	33

	AS210-7I
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	AS210-5II
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA


     One Unit of laccase activity is the amount of ABTS formed per minute.

     Specific activity is the laccase activity per culture filtrate

     NA = No detectable activity of laccase

From Table 6, it could be inferred that TM910-3 strain showed 50 % relative activity in the presence of metal ions such as Zn, Hg and Ni, however it had gained only 3 % relative activity with Mg. Laccase from TM910-2 was completely inhibited by Zn and Mg, whereas it had 50 % relative activity in presence of Hg and Ni. TM410-1 was found to have relative activity of 67 % with Hg and this was followed by relative laccase activity of 33% and 3 % in presence of Ni and Mg respectively, however this strain was intolerant to Zn. TM910-5 had showed 50 % relative activity in presence of Zn and Mg and 10 % relative laccase activity in presence of Hg and Ni. The laccase activity was inhibited for the strain AS210-7I, AS210-5II and TG110-2 in presence of all the metal ions studied.

Ticlo et al. (2009) reported that Cerrena unicolor laccase retains more than 90 % activity in presence of metals such as Zn, Mg, Hg and Ni at 1mM concentration.
In the present investigation, metal tolerance of laccase producing microbes was tested using 100 mM concentration of Zn, Mg, Hg and Ni. The results of the study indicated that out of 14 bacterial strains, 6 bacterial strains had tolerance against metal ions even at concentration of 100mM.

4.5.2 Screening of metal tolerant Fungal Laccase



Table 9 presents the effect of selected metal ions namely Zn, Mg, Hg and Ni on the isolated fungal laccase in terms of specific activity and relative activity.


The fungal strain TM410-3 retained relative activity of 81 % and 62 % in the presence of Hg and Ni respectively. The strain TM810-1 had 50 % relative activity in the presence of Ni. The laccase activity of all other fungal strains studied was found to be negligible in the presence of metal ions. 


The fungi must be able to sequester essential trace metals from various sources, where the metals can be present in concentration ranging from trace to toxic levels. Fungal species and strains differ in their sensitivity towards metals and in the production mechanism involved. 

TABLE 9

EFFECT OF METAL IONS ON FUNGAL LACCASE ACTIVITY

	Sample
	Control Specific Activity (U/ml)
	Zn
	Mg
	Hg
	Ni

	
	
	Specific Activity (U/ml)
	Relative activity %
	Specific Activity (U/ml)
	Relative activity %
	Specific Activity (U/ml)
	Relative activity %
	Specific Activity (U/ml)
	Relative activity %

	TG1 10 -1
	0.025
	0.001
	4
	0.001
	4
	0.004
	16
	0.003
	12

	TG1 10-3
	0.010
	0.001
	10
	0.001
	10
	0.001
	10
	0.003
	30

	TM4 10-3
	0.016
	0.001
	0.6
	0.000297
	1.9
	0.013
	81
	0.010
	62

	TM8 10-1
	0.012
	0.002
	17
	0.002
	17
	0.002
	17
	0.006
	50

	TM8 10-2
	0.008
	0.000187
	2.3
	0.00033
	4
	0.001
	13
	0.002
	25

	TMS4 10-1
	0.011
	NA
	-
	NA
	-
	NA
	-
	NA
	-

	TMS5 10-1
	0.011
	NA
	-
	NA
	-
	NA
	-
	0.000143
	1.3

	TMS5 10-3
	0.033
	0.001
	3
	NA
	-
	NA
	-
	NA
	-

	TMS8 10-4
	0.009
	NA
	-
	0.000132
	0.4
	0.0012
	13
	0.0014
	15

	AS2 10-10
	0.017
	NA
	-
	NA
	-
	0.002
	12
	0.003
	18


   One Unit of laccase activity is the amount of ABTS formed per minute.

   Specific activity is the laccase activity per ml of culture filtrate.

   NA= No detectable activity of laccase. 

The metal ions generally interfere with the ligninolytic activities of fungi. Metal ions have negative effect in the action of lignin-degrading enzymes of white-rot fungi (Baldrain, 2003). Though, the metal ions have an inhibitory effect on laccase activity, two fungal strains retain more than 50 % activity in presence of 100mM of Hg and Ni. Hence, laccase from these isolated fungal strains could be successfully used in bioremediation of effluents containing Hg and Ni at higher concentration.

5.0  SUMMARY AND CONCLUSION
Laccases have been the subject of intense research for a broad variety of practical applications because of their low substrate specificity. Some practical applications include: removal of xenobiotics from aqueous streams, removal of phenolic compounds from wine, biosensors, decolorisation of dyes and effluents contaminated with industrial wastes, drug analysis, ethanol production and removal of lignin from woody tissues. Many researchers reported the production of laccases from natural laccase producers, but the production level was usually too low for commercial use. The wide range of substrate can be attacked by laccases. This had led to a search for new sources for the enzyme. Hence  this study was formulated to screen the metal tolerant laccase producing microbes from different environmental samples.

The  textile effluent and the soil samples collected from the effluent discharge site and automobile waste disposal site served as the source for the isolation and the screening of laccase producing microbes. The indicator system namely guaicol, RBBR and tannic acid were used for screening laccase producing microbes.  The growth characterization of the isolated bacteria and fungi were determined in terms of laccase activity using different liquid media. (Bacteria: NB and MRS broth, Fungi: MEB and YMB).  For each sample, the crude enzyme extract was prepared and the laccase activity was determined using ABTS as substrate.  All the laccase producing microbes isolated were screened for their metal tolerance property.  The selected metals were Zn, Mg, Hg and Ni (100mM). 
The results obtained are summarized as follows:

Twenty four bacterial strains and eleven fungal strains were isolated from the selected environmental samples. Fourteen bacterial strains designated as TG1 10-2, TM4 10-1, TM4 10-5, TM4 10-4, TM4 10-3, TM4 10-1, TM4 10-5, TM4 10-4, TM4 10-3, AS1 10-4 I, AS1 10-4 II, AS2 10-2, AS2 10-7 I and AS1 10-5 II showed positive colour reactions with only guaicol and eight bacterial strains namely TM4 10-1, TM4 10-4, TM4 10-5, TM4 10-6, TM910-2, AS2 10-2, AS2 10-7 I and AS1 10-5 II gave positive reaction for both guaicol and RBBR.  But all the bacterial strains did not show any growth in tanninc acid.

Ten fungal strains designated as AS2 10-2, TMS8 10-4, TMS5 10-3, TMS5 10-1, TMS4 10-1, TM810-2, TM8 10-1, TM4 10-4, TG1 10-3 and TG1 10-1 were found to be laccase producing when the medium was supplemented with guaicol.  Eight fungal strains TG1 10-1, TG1 10-3, TM4 10-4, TM8 10-2, TMS4 10-1, TMS5 10-1, TMS5 10-3 and AS2 10-2 were able to produce laccase in both guaicol plates and RBBR plates.  Six fungal strains TG1 10-1, TM8 10-2, TMS4 10-1, TMS5 10-1, TMS5 10-3 and AS2 10-2 showed positive reaction for all the three indicator compounds.
Bacterial strains belong to the genus baccillus and lactobacillus sp. Microscopic view of fungi by staining slide with Lactophenol cotton Blue revealed that Nigrospora (TG1 10-1) , Penicillium (TG1 10-3), Absidia (TM8 10-1), Aspergillus (TM8 10-2), Quambalaria (TMS5 10-1) and Alternaria (TMS5 10-3) were present in the textile industry samples. Myrothecium AS2 10-10 was found to be present in the samples obtained from automobile industry.


All the bacterial strains showed less growth in MRS medium when compared to their growth in NB medium.  The laccase activity was found to be maximum for the bacterial strains TM4 10-3, AS1 10-4 II, AS2 10-7I, TM4 10-4 and TM410-1 when grown in MRS medium. 


MEB medium was found to be better for the laccase activity of the fungal strains.  The optimum fungal laccase activity was observed in TMS4 10-1 this was followed by TMS5 10-2, TMS5 10-1 and TM8 10-1.

Most of the isolated bacterial strains were found to be tolerant to atleast                 one of the metals studied at 100mM concentration.  Two of the isolated fungal strains TM4 10-3 and TM8 10-1   showed tolerance towards Hg and Ni.  The strains TM4 10-3 and TM8 10-1 had tolerance towards Ni.


 The results of the study revealed that the isolated bacterial strains had more tolerance towards metals when compared to the isolated fungal strains.


In conclusion, the findings of the present study suggested that the isolated laccase producing microbes from different environmental samples could be used effectively for different biotechnological applications.
FURTHER RECOMMENDATIONS:
· To study the effect of other metals on laccase activity
· To determine thermostability and pH stability of the isolated microorganisms 

· To purify and characterize the isolated metal tolerant laccase
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APPENDICES

APPENDIX I

ISOLATION OF BACTERIA

Materials Required


Nutrient agar medium

Procedure

1. One gram of soil sample/ one ml of effluent sample was mixed with 10ml/ 9ml of water respectively to get a 10-1 dilution.

2. Using the 10-1 dilution 1 ml of the sample was taken and serially diluted up to 10-10 dilution.

3. From each dilution 0.1ml of the samples was poured on to the Nutrient agar plates 

4. The plates were incubated at 37oC for 24 hours and the colonies were observed.

APPENDIX II

ISOLATION OF FUNGI
Materials Required

Potato dextrose Agar medium

Procedure

1. One gram of soil sample/ one ml of effluent sample was mixed with 10ml/ 9ml of water respectively to get a 10-1 dilution.

2. Using the 10-1 dilution 1 ml of the sample was taken and serially diluted up to 10-10 dilution.

3. From each dilution 0.1ml of the samples was poured on to the Potato dextrose agar plates.

4. The plates were incubated at 30oC for 7days and the colonies were observed.
APPENDIX III

GRAM STAINING

Principle


The gram stain procedure was originally developed by the Danish Physician Hans Christian Gram to differenciate Pneumococci  from Klebsiella pneumoniae. In brief the procedure involves the application of a solution of iodine (potassium iodide) to cells previously stained with crystal violet or gentian violet. The procedure produces “purple colored iodine dye complexes” in the cytoplasm of the bacteria. The cells that are previously stained with crystal violet and iodine are next treated with a decolorizing agent such as 95% ethanol or a  mixture of acetone and alcohol. The difference between gram positive and gram negative bacteria is in the permeability of the cell wall to these “purple colored iodine dye complexes” when treated with the decolorizing solvent. While gram positive bacteria retain purple iodine – dye complexes after the treatment with the decolorizing agent, gram negative bacteria donot retain complexes when decolorized. To visualize decolorized gram negative bacteria, a red colored stain such as safranine is used after decolurization.

Reagents

1. Crystal violet

Solution – A

Crystal violet – 2g

Ethyl alcohol – 20ml

Dissolve the dye completely.

Solution – B

Ammonium oxalate – 0.8 g

Distilled water – 80ml

Mix solution A and B

2. Gram’s iodine

 Iodine – 1.0g

Potassium iodide – 2.0g

Distilled water – 300ml

3. 95% ethanol

4. safranine

Safranine (25% in 95% Ethyl alcohol) – 10ml

Distilled water – 100ml

Procedure

1. A smear was prepared following the instruction given for simple staining.

2. Crystal violet was added so that it covers the whole smear. It was allowed to act for one minute.

3. Next it was rinsed with tap water.

4. A few drops of gram’s iodine was added to cover the smear and allowed to act for 30 seconds to 1 minute.

5. Again it was rinsed with tap water.

6. The stain was decolorized with ethyl alcohol (95%) by adding the reagent drop-wise to remove the excess crystal violet from the smear.

APPENDIX IV
FERMENTATION OF CARBOHYDRATES

Principle
 
In bacteria, bio oxidation reactions are very important as they help provide energy either by oxidation of organic substances or by fermentation. In the earlier case, by utilizing organic compounds as electrons donors with oxygen as the ultimate acceptor, bacteria produce CO2 and H2o. The ability to utilize free oxygen is due to Cytochrome enzyme system and the process is called respiration while fermentative organisms utilize organic compounds but lack a  cytochrome system and produce CO2 and H20 besides a complex end product  such as alcohol, acid or aldehyde.

The acid, alkali or gas production results in a visible change in the inoculated broth due to the presence of suitable indicator. The fermentation is carried out in a  fermentation tube which is a culture tube containing a  Durham tube for detection of gas production.

Materials

· Broth or single colony cultures of the given bacteria

· Fermentation broth of glucose

· Inoculation loop

· Test tubes

· Durham tube

Medium

· Peptone (Trypticase)

10.0g

· Glucose 


5.0g

· Phenol red                                       0.018g

· Distilled water


1000ml

· pH



7.3

Procedure

· Fermentation broth was prepared with sugar as the carbohyudrate source

· Added approximately 10ml in the test tubes maintain 3 tubes for each given cultyue and 1 tube as uninoculated control.

· Inverted Durham’s tube  into all of the test tubes, plugged it with cotton and autoclaved at 15lbs pressure for 20min

· Inoculated each culture in their respective tubes except in the control.

· Incubate all the tubes at 350C for 24-48 hrs.

Observation
Observe the reactions that develop in the fermentation medium by comparing with the control i.e change in color from red to yellow (due to acid production) and /or appearance of bubbles (due to gas production).



APPENDIX V

CATALASE TEST

Principle


Microorganisms produce hydrogen –per-oxide during respiration and in some instances, an extremely toxic superoxide. Organism capable of producing catalase or  peroxidase rapidly degerade hydrogen peroxide. Anaerobes are unable to synthesize catalase, peroxidase or superoxide dismutase.

Materials

1. Nutrient agar

2. 3 % hydrogen per oxide

Procedure

1. Inoculate a nutrient agar slant with the test culture or any other medium lacking blood

2. Incubate at 370 C for 24 hrs

3. following incubation, trickle 1 ml of  3 % hydrogen peroxide down the slant

Examine immediately and after 5 minutes for the evolution of bubbles which indicates a positive test.

APPENDIX VI

DEMONSTRATION OF STARCH HYDROLYSIS

Principle


Amylase is an exoenzyme that hydrolyses (cleaves) starch, an insoluble polysaccharide (a molecule which consists of 8 or more monosaccharide units) and some monosaccharide such as glucose. These disaccharides and monosaccharide enter into the cytoplasm of the bacterial cell through the semi permeable plasma membrane and then are acted upon by endo enzymes.

Starch is a complex carbohydrate composed of two constituents- amylase and amylopectin. Starch degrading microorganisms transport the degraded form across the cytoplasmic membranes of the cell. Some bacteria possess the ability to produced amylase that breaks down starch into maltose.
Materials

· Given bacterial cultures

· Inoculation loop

· Starch agar medium

· Iodine (Grams iodine)

· Petri plates

Medium

· Starch 

20.0g

· Beef extract     3.0g

· Peptone            5.0g

· Agar                  20.0g

· Distilled water  1000ml

Procedure

· Prepare sterile starch agar medium by autoclaving it at 15lbs pressure for 15mins.

· Pour the medium in the plates and allow it to solidify.

· Streak the plates with suitable culture maintaining at least 2 plates  for each culture and one uninoculated as the control.

· Incubate the plates for 48 hrs at 37oC in an inverted position

· Flood the surface of the plate with iodine solution with a dropper for 30 seconds.

· Pour off the excess iodine solution.

Observation


Examine the plates for starch hydrolysis around the line of growth i.e the color change of the medium. A clear zone surrounding the microbial growth indicates a positive reaction. A negative reaction is indicated by a dark coloration of the media.     
Inference

The starch and iodine make a complex of blue color. Iodine does not react with maltose or with any other product of starch degradation. Hence no color will be formed in such cases and clear area will be visible.

APPENDIX VII

TRIPLE SUGAR IRON TEST

Principle

TSI test is used to differentiate different group of the Enterobacteriaceae  according to their ability to ferment lactose, sucrose and glucose and the production of hydrogen sulphide. The fermentation reaction of the sugars will help to distinguish between Enterobacteriaceae   from other gram negative intestinal bacilli.

Materials
TSI Slants


Lactose – 1%


Sucrose – 1%


Glucose – 0.1%


Phenol red

Procedure

1. Inoculate a slant of TSI agar using a straight needle

2. Incubate at 370 C for 18 to 24 hrs
Results

The results after inoculation will be of three kinds i.e sugar fermentation, gas production and Hydrogen sulphide production

APPENDIX VIII

INDOLE TEST

Principle

Tryptophan is oxidized with the tryptophanase resulting in the formation of indole pyruvic acid and ammonia. The indole test is performed by inoculating a bacterium into peptone broth and the indole produced during this reaction is detected by adding Kovac’s reagent (p-dimethyl aminobenzaldehyde) which produces a cherry red colour.
Reagents
1. 1% Peptone broth


Peptone- 10g/L


NaCl
 - 5g/L
2. Kovac’s reagent/ Ehrlisch’s reagent


5g of p-Dimethyl aminobenzaldehyde was dissolved in 75ml of amyl alcohol. 25ml of concentrated HCl was added to it and mixed.

Procedure
1. Two tubes of peptone broth were prepared and sterilized in an autoclave at 15lbs for 15minutes.

2. One of the tubes of peptone broth was inoculated with the test sample and the second tube was kept as an uninoculated control.

3. The tubes were inoculated at 37oC for 48 hours.

4. After 48hrs incubation, 1ml Kovac’s reagent was added to the tube containing test sample and control tube.

5. The tubes were gently shaken with intervals of about 10-15 minutes.

6. The tubes were allowed to stand to permit the reagent to rise to the top. Positive reaction was indicated by the formation of cherry red colour.

APPENDIX IX

METHY RED TEST

Principle 

This is to detect the ability of an organism to produce and maintain stable acid end products from glucose fermentation. Some bacteria produce large amounts of acids from glucose fermentation that they overcome the buffering action of the system. Methyl Red is a pH indicator, which remains red in color at a pH of 4.4 or less.

Reagents

1. MR-VP broth

Peptone- 5g/L

Dextrose- 5g/L

Dipotassium hydrogen phosphate- 5g/L
2. Methyl red reagent

Methyl red- 100mg

Ethanol- 300ml

Distilled water- 200ml

Transferred methyl red to ethanol, dissolved well, added water and then filtered.

Preocedure

1. 5ml of MR-VP broth was added into the two tubes, one marked as test sample and the other as control.

2. The broth was inoculated with the test sample and control tube was kept uninoculated. 

3. The tubes were incubated at 37oC for 24hrs.

4. After incubation, 5 drops of methyl red indicator was added to each tube. Positive reaction was indicated by formation of red color.
APPENDIX X

VOGES – PROSKAUER TEST

 Principle


This test is to determine the capacity of some organism to ferment carbohydrates with the production of non-acidic or neutral end products such as acetyl methyl caribinol or its reduction product 2,3 butylene glycol. These products are produced from the organic acids that results from glucose metabolism which is characteristic of Enterobacter aerogens

Materials

Methyl Red-Voges Proskauer Broth:


Peptone 




5g


Dipotassium hydrogen phosphate

5 g


Glucose (10%)



50 ml


Distilled water 



100 ml

 40 % sodium hydroxide

3 % alpha napthol

Procedure

1. Inoculate a test culture in the MR- VP medium

2. Incubate at 370 C for 48 hrs

3. After 48 hrs of incubation, add 1ml of 40 %KOH and 3 % alpha naphtol

Result


A positive reaction is indicated by the development of a pink color in                              2 – 5 minutes becoming crimson in 30 minutes.
APPENDIX XI
CITRATE (CITRIC ACID) UTILIZATION TEST

Principle
 
Citrate utilization test is used to differentiate among enteric bacteria on the basis of their ability to utilize (ferment) citrate as the sole source of carbon. The utilization of citrate depends on the presence of the enzyme citrase produced by the organism that breaks down citrate to oxaloacetic acid and acetic acid. These products are later converted to pyruvic acid and CO2 enzymatically as shown below:

Citric acid                     oxaloacetic acid + acetic acid                     pyruvic acid & CO2
The citrate test is performed by inoculating the microorganisms into an organis synthetic medium, Simmons’ citrate agar. The sodium citrate is the sole source of carbon and energy. Bromothymol blue is used as an indicator. When the citric acid is metabolized , the CO2 generated combines with sodium and water to form sodium carbonat, an alkaline product, which changes the color of the indicator from gree. To blue and this constitutes a positive test
CO2 + 2Na+ H2O                                        Na2CO3
Bromothymol blue is green when acidic (pH 6.8 and below) and blue when alkaline (pH 7.6 and higher).
Materials

Sterile Simmons’s citrate agar medium

Cultures of given bacteria

Inoculation loop

Sterile test tube

Simmons Citrate Agar Medium

Ammonium dihydrogen phosphate   1.0g

Dipotassium phosphate                       1.0g

Sodium chloride                                 5.0g

Sodium citrate



2.0g

Magnesium sulphate


0.2g

Agar



          15.0g

Bromothymol blue                            0.08g

Distilled water                                 1000ml

pH        


          7.0

Procedure

· Melt and pour the sterile medium in tubes and prepare agar slants

· Maintain at least 2 tubes for each given culture and one for control

· Inoculate by means of stab and streak inoculation and keep a uninoculated tube as control

· Incubate all the slants at 37OC for 48 hrs.

· Observe for the color change in the medium.

Observation

· When the growth is visible on the surface and the medium color is blue , it is citrate positive.

· The absence of growth and green color represents a negative test for citrate zutilization.

Inference

· Bacteria with the enzyme citrase metabolize citrate to produce alkaline end produces that raise pH of the medium 7.6 causing the bromothymol blue to turn from green to blue.

· The presence of growth and a blue colour represents a positive test for citrate utilization.

· The absence of growth and a green color represents a negative test for citrate utilization.

Positive test

Citrate                             Oxaloacetic acid + acetic acid

Acetic acid                       Pyruvic acid + CO2

CO2 + Na+                       Na2CO3(pH increases)





Blue color and growth

Negative test

Citrate                          Citrate(pH unchanges)

                                     Green color and no growth

APPENDIX XII

LACTOPHENOL COTTON BLUE

Principle


Lactophenol cotton blue is a stain commenly used for making semi-permanent microscopic preparation of fungi. It stains the fungal cytoplasm and provides a light blue background against which the walls of the hypae can readily be seen. It contains 4 constituents namely – phenol which serve as a fungicide, lactic acid – which serve as a cleaning agent, cotton blue which stains the cytoplasm of the fungus and glycerine – which gives a semi permanent preparation. The periodic acid shift (PAS) and methanamine can also be used for fungal elements in tissue section.

Materials required

Young culture of mold, mounting needles, glass slides, coverslip, 75% alcohol.

Procedure

1. Placed a drop of lactophenol cotton blue on a clean glass slide. Transferred a small part of fungus usually with spores and spore bearing structure into the broth using flamed needle. 

2. Placed a coverslip over the preparation and examined under microscope.

APPENDIX XIII
QUANTITATIVE ASSAY FOR LACCASE

(Bourbonnaise and Paice, 1990)

The nonphenolic dye 2,2’-azinobis-bis-(3-ethylbenzthiazolinesulphonate) (ABTS) is oxidized by laccase to the more stable and preferred state of the cation radical. The concentration of the cation radical responsible for the intense blue-green colour can be correlated to enzyme activity.

Reagents

1. . Sodium acetate buffer, 50 mM pH 4.5

Solution A: 0.05 M Acetic acid

Solution B: 0.05 M Sodium acetate

Mixed 25.2 ml of solution A, 24.5ml solution B and diluted to 100ml

2. ABTS, 0.4mM

ABTS was dissolved in 50mM of sodium acetate buffer

Procedure

The reaction mixture contained 580µl 0.4mM ABTS substrate and 20µl of enzyme extract. The change in absorbance at 420 nm was monitored after 10 minutes of incubation and was measured spectrophotometrically.

Calculation

Enzyme activity was expressed as international units (IU) where 1U is defined as the amount of enzyme forming 1 μmol of product per minute per ml of culture supernatant.

 (ΔA420/min Test- ΔA420/min blank)x Vt x df
Volume activity (U/ml)  =







       € x Vs
Vt  = Final Volume of then reaction mixture = 5ml

Vs = Sample volume = 20µl
€ = extinction co-efficient of ABTS= 36.8mM

df= Dilution factor
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