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Preamble: 

Lignin, a complex polymer occurring in plant material presents a formidable challenge to 

microbial degradation. Lignin-degrading bacteria are known to produce certain enzymes 

that include but are not limited to lignin-peroxidase and laccase (Hariharan and 

Nambisan, 2013 and Imran et al, 2012). Large scale application of these enzymes in paper 

& pulp industries, dye degradation, waste treatment processes is well known (Zhang, N. et 

al, 2012). Recent developments in lignocellulosic bioethanol production technologies 

revealed an additional usage for these enzymes. However, development of low-cost 

technology to utilize lignocellulosic material such as agricultural and forest residues to 

produce bioethanol is a challenging task. At present the major chunk of the asking price 

for bioethanol is governed by the enzymes; specifically the enzymes that are involved in 

pretreatment and fermentative digestion of lignocellulosic biomass.  

 

Lignin-degrading capabilities of eukaryotic as well as prokaryotic organisms are known to 

scientific communities for decades now. However prokaryotic organisms have not been 

characterized to great extent with commercial point of view. Till date most commercially 

available lignin-degrading enzymes or enzyme complexes are of eukaryotic i.e. of fungal 

origin. Though in the past, biomolecules of fungal origin enjoyed commercial success, 

contemporary research and available techniques render an upper hand to biomolecules of 

prokaryotic i.e. bacterial origin. Bacterial enzymes are being preferred over fungal 

enzymes for their improved bioactivity, comparatively lower unit production cost and 

most specifically for relative ease in their genetic/ protein engineering. One argument 

against fungi as a potential future source of better enzymes is their relatively low 

metabolic and ecological diversity compared to prokaryotes. There is some evidence that 

lignocellulose degradation in vivo requires active metabolism on the part of the 

degradative organisms (Banerjee et al, 2010). 

 

Despite these evident advantages, bacteria have not been extensively studied or well 

characterized with respect to their lignin-degrading capabilities. Throughout the world 

various biodiversity hotspots are known to have ample of lignocellulosic biomass 

available for biodegradation and hence theoretically speaking should be harboring many 

such novel lignin-degraders. Western Ghat montane rain forest, one amongst the world’s 

top biodiversity hotspots has been screened for presence of lignin-degrading fungal 
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isolates. However, to the best of our knowledge so far, lignin-degrading bacterial isolates 

have not been reported from the above mentioned areas.  

The present research work aims at isolating and characterizing novel lignin-degrading 

bacteria from Western Ghat montane rain forest soils. Isolation and characterization of 

such novel bacterial isolates will be with relevance to their possible contribution in 

biodegradation and/or bioconversion of lignocellulose for bioethanol production. 

 

Lignin is a recalcitrant heteropolymer of phenylpropanoid units present in woody plant 

tissues, that confers the rigidity and resistance to biological attack. The lignocellulosic 

material of plants consists of three main components, namely cellulose, hemicellulose and 

lignin. After cellulose, lignin is the second most abundant renewable biopolymer in nature 

[Bholay et al, 2012]. After cellulose, lignin is the second most abundant renewable 

biopolymer in nature. It is the most abundant aromatic polymer in the biosphere [Fisher et 

al, 2014].  

 

In the plant cell lignin is biosynthesized from three monolignols: p-coumaryl alcohol, 

coniferyl alcohol and sinapyl alcohol. These monolignolsareoxidatively coupled into 

lignin oligomers consisting of phenylpropanoid subunits: p-hydroxyphenol (H), guaiacyl 

(G) and syringyl(S) (from p-coumaryl alcohol, coniferyl alcohol and sinapyl alcohol, 

respectively). The linkages formed during radical coupling of lignin monomers varies 

between species and can be either C-C or C-O ether linkages, more than two-thirds of 

bonds are ether bonds [Fisher et al,2014].  

 

Due to the branching, bulky three-dimensional structure and the C-C and C-O ether 

linkage heterogeneity of lignin, hydrolytic enzymes cannot cleave lignin. Thus enzymes 

which carry out cleavage by oxidation are required for lignin degradation. Such enzymes 

called ligninolytic enzymes or lignin degrading enzymes involve lignin peroxidase (LiP), 

manganese peroxidase (MnP), laccase (Lac) and versatile peroxidase (VP).  

Laccases (benzenediol: oxygen oxidoreductases, EC 1.10.3.2) are copper-containing 

phenol oxidases that catalyse the oxidative conversion of a variety of aromatic substances 

(diphenols, methoxy-substituted monophenols, aromatic amines) using oxygen as the final 

electron acceptor [Eichlerová, Ivana et al, 2012]. Laccases catalyze reactions including 

the degradation of polymers, oxidative coupling of phenolic compounds, aromatic ring 

cleavage and functionalization of polymers.  
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Laccases can depolymerise lignin directly or via the oxidation of smaller mediator 

molecules, either natural compounds or reagents such as 2, 20-azino-(bis 3-

ethylbenzothiazoline-6-sulfonic acid) (ABTS) and hydroxybenzotriazole (HBT) [Huang, 

Xing‐Feng, et al, 2013]. MnP and LiP are peroxidases having heme molecule. MnP is 

manganese dependent peroxidase, oxidation by which involves conversion of MnII to Mn 

III during which it carries out oxidation of phenolic compounds. LiP acts on phenolic as 

well as on non phenolic compounds. MnP and LiP both utilize H2O2 as terminal electron 

acceptor. Heme group reacts with hydrogen peroxide to form oxoferryl intermediate.  

 

In biosphere, a wide variety of species are involved in lignin degradation including fungi 

and bacteria. Fungi are recognized for their superior capabilities to produce a large variety 

of extra-cellular enzymes. Basidiomycetous white rot fungi (WRF) are most efficient of 

all and brown rot fungi to lesser extent for ligninocellulosic degradation. This ability of 

degrading ligninocellulosic materials is due to production of enzymes mentioned above 

viz. LiP, MnP, Lac, VP, and are reported in many WRF. These enzymes are also capable 

of degrading various xenobiotic compounds including dyes. Some WRF produce multiple 

lignin modifying/ degrading enzymes while some produce one or two of them. These 

ligninolytic enzymes are produced during secondary metabolism [Fisher et al, 2014]. 

 

Figure: Structural components of lignin polymer 
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It is proposed to study the functional diversity of capability of bacteria isolated from 

Western Ghat region with respect to lignin degradation. The long term aim of this study 

is to utilize ligninolytic ability of these soil bacteria in microbial processes leading to 

production of third generation biofuels. 

 

Origin of research problem 

Mankind’s long-established capability of ethanol production and its subsequent use as a 

fuel is a prelude to the present research problem. Ever increasing demand for fuel energy 

on one hand and the projected exhaustion of fossil fuels on the other, dictates today the 

importance of bioethanol to industrial civilization. Though human race knew art and 

science of producing such bioethanol, recent developments in the field indicates that there 

are implications of adopting large scale bioethanol production processes. Bioethanol, one 

of the second generation biofuels, experiences technical, biological, ecological and 

economical hurdles.  

 

Use of appropriate bacteria and/or biomolecules of bacterial origin at one or many stages 

in large scale production processes for bioethanol allow us to overcome most of these 

hurdles. Regardless of this, currently employed process renders rather costly bioethanol 

molecule with respect to unit production cost. We feel that introduction of alternative 

bacteria and/or bacterial biomolecules to the currently employed process will deliver us 

moderately cheap bioethanol molecule, making it a viable option for conventional fuels. 

However, these alternative bacteria and/or bacterial biomolecules may dictate necessary 

modifications in the production process.  

 

This belief of ours, itself can be regarded as genesis of an idea to explore certain untapped 

ecosystems for presence of such alternative novel bacteria and/or novel bacterial 

biomolecules. We foresee the Western Ghats, a UNESCO world heritage site as the 

untapped ecosystem; lignin-degraders as alternative novel bacteria and lignin-degrading 

enzymes as the novel bacterial biomolecules that can lead us to the era of bioethanol fuel.  

Interdisciplinary relevance  

The present studies demands multidisciplinary approach with expertise in the field of 

microbiology, biochemistry, ecology, agriculture and renewable energy. The work 

outlined herewith will emphasize on sampling site selection in Western Ghat Montane 
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rain forest from ecology point of view; subsequent screening, isolation, identification and 

partial characterization of lignin-degraders will test the knowledge of microbiology; the 

laboratory enzyme assay and the optimization studies will require the biochemist’s 

approach. Yet, overall assessment of the selected lignin-degraders for biodegradation and/ 

or bioconversion efficiency demands practical knowledge of agro- industries and agro-

waste along with renewable energy regime.  Invariably the proposed studies exemplify 

interdisciplinary relevance encompassing ecological, environmental, agricultural, 

microbial and biochemical sciences.  

 

Review of research and development in the subject 

Nations worldwide are promoting the development of bioethanol from lignocellulosic 

feedstock as an alternative to conventional fuel. Lignocellulosic feedstock is essentially 

agricultural and forestry residues such as bagasse of sugarcane or sweet sorghum, corn 

stover, grasses, woody biomass, etc. (Saha, 1998). It is mainly composed of cellulose (40 

– 60% of the total dry weight), hemicelluloses (20 – 40%) and lignin (10 – 25%) 

(Gnansounou and Dauriat, 2005). Thermo-chemical (Sun and Cheng, 2002) and 

bioconversion (Tuomela et al, 2000 and Perez et al, 2002) are two approaches for the 

production of fermentable sugars or the extraction of polymeric components from 

lignocellulosic biomass. Bioconversion processes in general comprise an initial 

physical/chemical pretreatment of lignocellulosic biomass followed by biological 

conversion of resultant fermentable sugars and biopolymers to bioethanol and other 

materials. Primary advantages of bioconversion strategies over thermo-chemical are; i) 

selective extraction of lignocellulose polymers and sugars, ii) minimal corrosive effect on 

process equipments; iii) minimal formation of inhibitors (Teresa et al, 2010) that interfere 

in fermentation and downstream fermentation processes, and iv) corresponding 

bioprocesses are often sustainable as well as renewable and have low energy 

requirements. Bioconversion, a process of lignin degradation is known to be catalyzed by 

extracellular, oxidative enzymes (Perez et al, 2002).  Lignin-Peroxidases (LiPs), 

Manganese-Peroxidases (MnPs), and Laccases are the most studied enzymes involved in 

ligninolysis (Tuomela et al, 2000).  

 

Over the years, researchers have successfully elucidated the potential of commercial level 

bioconversion. However they are still struggling to make it economically viable process. 
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Most second and third generation biofuels production processes are dependent on one or 

many enzymes. Search and introduction of these enzymes and their producer 

microorganisms to the industrial processes is an ever ending significant phase in 

developing second and third generation biofuels.  Following is a brief account of this 

effort with national and international perspective.  

 

a. International status 

An array of lignin-degrading enzymes has been reported that includes Lignin Peroxidase, 

Manganese Peroxidase, Laccase, Glyoxal Oxidase, Pyranose 2-Oxidase, Aryl Alcohol 

Oxidase and Cellobiose Dehydrogenase (Cullen and Kersten, 2004). Out of these, Lignin 

Peroxidase, Manganese Peroxidase and Laccases are being recommended very often for 

their practicable use in biomass to bioethanol conversion. Although bacterial isolates are 

known to produce these enzymes (Zhang, N. et al, 2012), commercially they are being 

produced mainly using fungi (Zhang, Y. et al, 2012 and Asgher et al 2013). There are 

various assay procedures available for the screening and determining the enzyme 

activities (Jing and Wang, 2012). From past few years researchers’ are extensively 

searching for variety of lignin-degraders from different ecosystems. Although the 

screening techniques for lignin-degraders do not specifically differentiate between fungi 

and bacteria, with few exceptions most researchers ended with a fungal isolate as a 

promising degrader organism (Banerjee et al, 2010). The lignin-degrading activity of all 

these isolates is conventionally interpreted based on enzyme specific assay methods that 

make use of selective substrates.  Substrates such as 2, 2’-azinobis-(3-

ethylbenzthiazoline-6-sulfonate) (ABTS), O – dianisidine, 2, 6-dimethoxyphenol 

(syringol) and guaiacol are reported for assessing Laccase activity (Li et al, 2007; Sheikhi 

et al, 2012; and Johannes and Majcherczyk, 2000). Conversely, methylene blue (Bholay 

et al, 2012); Guaiacol (Sivakami et al, 2012) and 3, 4-dimethoxybenzyl alcohol (veratryl 

alcohol) (Hariharan and Nambisan, 2013) are the substrates of choice for Lignin 

Peroxidase. Manganese Peroxidase on other hand can be assayed using phenol red as a 

substrate (Hariharan and Nambisan, 2013).  

 

b. National status 

On a national scale, scarcity of energy fuel is still a blazing problem. Hence India has 

begun to explore its own biofuel policy. Unlike Western countries India is not facing food 

vs. fuel problem, as most of the biofuel is being generated through agro-waste; primarily 
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sugarcane industry waste (Zuurbier and Jos van de Vooren, 2008) and non edible oil seeds 

(Pant et al, 2006). These sources of biomass are still limiting with respect to seasonal and 

inadequate availability, propagation and pretreatment cost, which eventually lead to 

irregular supply of biofuel. This limiting aspect can be overruled by simply using 

abundantly available lignocellulose as a source of biomass for bioconversion.  

 

Efforts have been made to isolate lignin-degraders from various different ecosystems. 

Western Ghat region of India, UNESCO’s ‘world heritage site’ is one such ecosystem and 

is being categorized as one of the 34 biodiversity hotspots of the world 

(Shruthakeerthiraja and Krishnakumar, 2012). This particular ecosystem abundantly 

harbors’ lignocellulosic biomass through its grasslands, tropical, temperate, deciduous 

forests and Montane rain forests (Bunyan et al, 2012 and Roy et al, 2012) making it an 

ideal place for lignin-degraders. Researchers successfully studied various fungal as well 

as bacterial isolates from different regions of Western Ghat. These studies were intended 

more towards elucidating taxonomic and molecular diversity (Rathod, 2011). 

Nevertheless, a handful of researchers have tried to report Western Ghat’s functional 

diversity that includes antimicrobial activities (Valan et al, 2012 and Sarvanan et al, 

2012) and degradative capabilities of microbes. The peculiar limitation of such studies is 

they discuss only fungal isolates (Rathod, 2011 and Geethanjali, 2012) but not the 

bacterial ones.  

 

Significance of the study in the context of current status 

Considering the expected functional diversity of world’s one of the richest biodiversity 

hotspot, the lignin-degrading bacteria reported from Western Ghat are really scanty in 

number. There could be many novel lignin-degraders, existing in Western Ghat Montane 

Rain forests and characteristically producing novel enzymes that may possibly prove 

commercially important. Present study aims to screen various regions from Western Ghat 

Montane Rain forest for presence of such novel lignin-degrading bacteria to further the 

functional diversity knowledge pool of Western Ghat ecosystem. Additionally, studies of 

these isolates and characterization of their lignin-degrading enzymes might enable us to 

aid the Indian bioenergy sector through introduction of novel biodegradation and/or 

bioconversion agents.   



11 

 

Growing concerns regarding the impacts of fossil fuel consumption on global climate 

change and energy security have led to the demand for accelerated development of 

biofuels. Lignocellulosic biomass is of great interest as a starting material for biofuel 

production. Lignocellulosic materials can be obtained from agricultural and forestry by-

products. The deconstruction of lignin to enhance release of fermentable sugars from 

plant cell walls presents a challenge for biofuels production from lignocellulosic biomass. 

Biological routes to ethanol, butanol, and other fuels have advantages over 

thermochemical routes; however, the cost-effective release of fermentable sugars from 

plant biomass remains a challenge. The cellulose in plant cell walls is intricately 

interlinked with hemicellulose and lignin. Lignin is a complex, chemically heterogeneous 

polymer that forms a physical barrier to biological and chemical hydrolysis of cellulose, 

making biomass inherently recalcitrant. The use of lignin-degrading enzymes for selective 

removal of lignin has the potential to make pre-treatments commercially viable [Huang, 

Xing‐Feng, et al, 2013].  

 

Pre-treatment of lignin containing raw material is required for it to use in fermentation 

industry so as to make it consumable for yeast cells [Table.2]. This pre-treatment involves 

thermochemical and enzymatic hydrolysis. 

 

Limitations of thermochemical hydrolysis involve corrosion and saccharide degradation.  

In enzymatic hydrolysis, the specificity of the enzymes and the mild conditions of 

hydrolysis minimizes saccharide degradation, and enables high hydrolysis yields and 

reduced by-product/inhibitor formation. To enable efficient enzymatic hydrolysis, the 

lignocellulose material has to be pre-treated to disrupt the cellulose-hemicellulose-lignin 

matrix by mechanical forces or steam explosion and then is treated biologically for 

degradation. 

 

Materials and Methods:  

1) Soil sample collection:  

1. Soil samples had been collected from 3different regions of Western Ghats.  

2. An area of 10 square feet was marked and within this area soil samples were collected 

so as to make a composite sample as a representative for that region.  

3. Total 5 different soil samples were collected from 5 different geographical locations. 
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4. Soil samples were stored at refrigeration temperature.  

 

Table - Coding and Geographical locations of 5 soil samples 

Soil sample Coding for project work Geographical Location 

Y1S A Yana National Park 

Y2S B Yana National Park 

Y1T C Yana National Park 

P1S D Pushpagiri National Park 

M1S E Mahabaleshwar Reserve Forest 

Where, S: Soil sample, T: Soil sample from regions where tree trunks are degrading. 

 

2) Chemical analysis of soil samples:  

(Facilities for Total Nitrogen (N), Total Phosphorous (P), Total Potassium (K), Total 

Organic Carbon (TOC) and Total Organic Matter (TOM) were outsourced.)  

Materials:  

I. 5 soil samples: 30 gm of each sample.  

II. For moisture content determination: Porcelain plates,  Oven (1100C)  

III. For pH determination: Buffer tablets (pH = 4.0, 9.2 & 7.0),  pH meter  

Method:  

Chemical analysis of soil samples was carried to check the fertility or nutritional quality 

for microbial growth of soil. Following parameters were examined as a part of chemical 

analysis. All soil samples were converted into solutions before carrying out these tests 

except for pH and moisture content estimation.  

 

Table - Parameters and Methods used for chemical analysis of soil samples 

Sr. No. Parameter Method of estimation 

1  Total Nitrogen (N)  Kjeldahl method  

2  Total Phosphorous (P)  UV-Visible spectrophotometry (690nm)  

3  Total Potassium (K)  Flame photometer  

4  Total Organic Carbon (TOC)  Volumetric  

5  Total Organic Matter (TOM)  Volumetric  

6  Moisture content  Gravimetric  

7  pH  pH meter  
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Chemical as well as microbial analysis of soil samples was carried so as to correlate these 

results with each other with respect to nutritionally rich environment for microbial 

growth. Soil sample having values of parameters tested in chemical analysis such as N, P, 

K, TOC, TOM, Moisture content and pH in a fertility range were assumed to be 

nutritionally rich. And such soil sample was Y2S. Indeed, the fact that maximum bacterial 

load was observed in this soil sample supports the above assumption. 

 

Table - Results of chemical analysis of 5 soil samples 

Soil 

samples 
TOC (%) TOM (%) 

Total 

Kjeldahl 

Nitrogen 

(N) (%) 

Total 

Phosphor

us (P) (%) 

Total 

Potassium 

(K) (%) 

Moisture 

content 

(%) 

pH 

Y1S 0.4474 0.6104 1.1724 1.9096 3.2921 6.12 6.2 

Y2S 0.9899 0.652 1.5726 13.9279 24.0117 10.59 5.1 

Y1T 0.5251 0.714 0.8599 7.0929 12.2281 9.16 6.1 

P1S 0.7505 0.5906 1.3471 5.4594 9.412 7.45 6.1 

M1S 1.0096 0.7487 1.8286 7.113 12.2628 7.72 6.1 

 

3) Microbial analysis of soil samples:  

(Determination Bacterial load of soil samples)  

Materials:  

I. 5 soil samples  

II. Standard Plate Count (SPC) agar  

Components  Gm / Litre  

Casein enzymic hydrolysate 5.000  

Yeast extract  2.500  

Dextrose  2.500  

Agar  15.000  

Final pH (at 25°C)  7.0±0.2  

 

III. Distilled water  

IV. Dilution tubes  

V. Alcohol (70%)  

VI. Glass spreader  
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Method:  

The bacterial load of soil samples was determined by performing procedure for Total 

Viable Count (TVC).  

1. 1g of each soil sample was measured and suspension was made using distilled water.  

2. This suspension was further serially diluted up to 10-8 dilutions.  

3. 0.1 ml of each dilution was spread plated on SPC agar plates.  

4. Plates were incubated at 280C for 24-48 hrs.  

5. Obtained colonies were counted and TVC was expressed in CFU/gm of soil.  

 

The bacterial load was calculated as follows:  

TVC (CFU/gm of soil) = No. of colonies/ dilution factor (d x I) 

Where, d= dilution factor; i= initial concentration  

A total of 71 isolates were isolated from SPC plates after performing TVC. These isolates 

were purified on nutrient agar plates.  

 

Microbial analysis of soil samples:  

Table - Results of TVC of 5 soil samples 

Soil sample TVC (cfu/gm) 

Y1S 1 x 107 

Y2S 1.4 x 109 

Y1T 1.02 x 108 

P1S 2.05 x 107 

M1S 2.08 x 107 

 

Total viable count of 5 soil samples ranges from 1 x 107to 1.4 x 109cfu/g of soil sample.  The 

bacterial load with the chemical analysis of each soil sample could be correlated.Microbial 

analysis of soil sample suggests the presence of highest bacterial load in sample Y2S.  

Numbers of morphologically different bacterial isolates were obtained at this stage. Such 

isolates were further purified and used for primary screening for the ligninolytic ability. These 

isolates at this stage were called as ‘morphotypes’. Number was narrowed down to 

57.Meanwhile, these morphotypes were sent for identification at MCC, NCCS, Pune. 

 

4) Preparation and preservation of bacterial stocks (Glycerol stocks and working 

stocks):  
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Materials:  

Glycerol stocks  

I. 24 hour old cultures of 71 isolates  

II. Glycerol solution (50%)  

III. Cryotubes 

IV. Micropipettes and tips  

Working stocks:  

24 hour/ overnight grown cultures of 71 isolates  

II. Nutrient agar slants  

Components  Gm/litre  

Peptone  5.000  

Sodium chloride  5.000  

Beef extract  1.500  

Yeast extract  1.500  

Agar  15.000  

Final pH( at 25°C)  7.4±0.2  

 

III. Slant tubes (17ml)  

Method:  

Glycerol stocks:  

1. After performing TVC and determining the bacterial load of each soil sample, the71 

isolates were preserved in glycerol stocks.  

2. The glycerol stocks were prepared by keeping the resultant concentration of glycerol 

15%v/v.  

3. The glycerol stocks for each isolate were prepared in triplicates.  

Working stocks:  

Working stocks were prepared of each isolate in form of Nutrient Agar slants of each 

isolate.  

 

 

 

5) Selection of Morphotypes:  
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Out of the total 71 isolates, identical isolates were eliminated on basis of colony 

characteristics. After eliminating identical isolates, total of 57 morphotypes were used 

for further work.  

 

6) Identification of morphotypes:  

1. These 57 morphotypes were streaked on Nutrient Agar plates and sent for identification 

to Microbial Culture Collection, National Centre for Cell Science.  

2. Identification of these morphotypes is to be carried out by MALDI (Matrix Assisted 

Laser Desorption Ionization) and/or 16S rDNA sequencing.  

21 isolates were identified by MALDI.  

Table - Identified isolates by MALDI 

Isolate number Identified as 

1 C Acinetobacter radioresistens 

3 C Pseudomonas nitroreducens 

17 D Serratia marcescens 

18 C Pseudomonas chlororaphis 

28 A Pseudomonas aeruginosa 

29 Staphylococcus haemolyticus 

33 B Bacillus sp. 

38 E Pseudomonas aeruginosa 

51 B Bacillus sp. 

52 B Bacillus sp. 

53 B Bacillus sp. 

55 B Bacillus sp. 

59 B Bacillus sp. 

64 E Pseudomonas chlororaphis 

25.2 A Staphylococcus epidermidis 

25.3 A Pseudomonas monteilii 

30.2 B Bacillus sp. 

34.2 B Pseudomonas aeruginosa 

39.2 B Bacillus sp. 

61.1 E Bacillus arybhattai 

61.2 E Bacillus arsenicus 
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Isolates having degradative capabilities belong to 5 different genera viz. Acinetobacter spp, 

Pseudomonas, Serratia, Staphylococcus and Bacillus. Along with this, diversity indices were 

also calculated.  

 

Species Diversity Index: The diversity index is a mathematical measure of species diversity 

in a community. This index defines the species richness (total no. of species in a region) and 

evenness of species (total no. of individual species). 

 

Table - Results of diversity indices of 5 soil samples 

Sample 

Total no. 

of 

isolates 

Species 

richness 

(S) 

Simpson’s 

diversity 

index 

(D) 

1-D 1/D 

Shanon-

Wiener 

index 

(H) 

Species 

Evenness 

(E) 

1.Y1S 3 1 0.333333 0.666889 1.4995 -1.09962 0 

2.Y2S 9 1 0.111111 0.888886 8.999792 -2.19616 0 

3.Y1T 3 1 0.332889 0.666889 1.4995 -1.09962 0 

4.P1S 1 1 1 0 1 0 0 

5.M1S 4 1 0.25 0.75 4 -1.38529 0 

 

The above table represents individual values of species richness, Simpson’s diversity index, 

Shanon’s index of diversity and species evenness. The highlighted values indicate the 

minimum and maximum values for each of the parameter of diversity index amongst the 5 

soil samples. The individual population of each species was not calculated, thus the richness 

for all samples remains as 1. All other diversity indices (D, 1-D, 1/D & H) represent that 

maximum diversity in observed in Y2S soil sample (depending upon range), whereas the least 

diversity is observed in P1S soil sample. Thus, statistically this data supports the chemical 

and microbial analysis of soil samples. 

 

 

 

 

 

 

 

7) Primary screening: Ligninolytic Enzyme Petri plate assay  
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Materials:  

I. Minimal Salt Medium (MSM)  

Components Gm/litre 

Ammonium nitrate 3.000 

Monopotassium phosphate 2.500 

Dipotassium phosphate 2.000 

Magnesium sulphate 0.200 

Ferrous sulphate 0.100 

Agar 20.000 

Final pH 5.6±0.2 

 

II. Lignin-like substrates: Guaiacol, Phenol red, RBBR (Ramazol Brilliant Blue), Methylene 

blue, Azure B  

III. 48 hours old cultures of 57 isolates  

Method:  

Primary screening was performed to check the lignin degrading ability of 57 isolates using 

lignin like substrates.  

Petri plate assay using Grid method.  

1. Minimal Salt Medium (MSM) supplemented with lignin-like substrates was used. (All 

lignin like substrates are stable at autoclaving conditions)  

2. Five substrates were used separately with respective final concentration in the medium as 

follows:  

 

Table - Respective final concentrations of 5 substrates 

Lignin like Substrate Final Concentration 

Guaiacol 10mM 

Phenol red 0.28mM 

RBBR 0.78mM 

Methylene blue 0.78mM 

Azure B 0.32mM 

 

3. Each plate was divided into 8 compartments and each isolate was spot inoculated onto the 

medium using 48 hours old cultures.  

4. The plates were incubated at 280C for 7-12 days.  
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5. The end results for each of these substrates were either visible growth or zone of 

decolourization around the growth. For guaiacol, brown colouration around colonies and 

visible growth was checked.  

 

Primary screening was treated as a qualitative type of result data based upon which the 

secondary screening was planned. There were two types of positive results for primary 

screening.  

1. Presence of visible growth  

2. Presence of zone of decolourisation  

 

Lignin like substrates listed below were used as model lignin compounds whose degradation 

or modification represents the possible ability of bacteria to degrade actual lignin containing 

compounds.  

 

 

 

 

 

 

Following are the results for ‘presence of visible growth’ as positive result:  
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Table - Results of primary screening (visible growth) 

Substrate 

Number of morphotypes giving 

positive result (presence of 

visible growth) 

Guaiacol 50 

Phenol red 48 

RBBR 46 

Methylene blue 12 

Azure B 16 

 

Result (Visible growth) of primary screening can also be represented as follows: 

 

 

Following are the results for ‘presence of zone of decolourization’ as positive result:  

 

Table - Results of primary screening (zone of decolourization) 

Lignin like substrates 

Number of isolates giving positive 

result (presence of zone of 

decolourization) 

Guaiacol 0 

Phenol red 4 

RBBR 22 

Methylene blue 0 

Azure B 1 

Result (zone of decolorization or degradation) of primary screening can also be represented as 

follows: 
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From the results of primary screening, it is clear that numbers of bacterial isolate are able to 

modify or degrade number of lignin like substrates. As the degradation or modification of 

these substrates is reported to be specific for particular type of enzyme responsible for lignin 

degradation, such type of data represents an existence of functional diversity among the 

bacterial isolates. Guaiacol is specific for ability of bacteria to carry out its degradation as a 

result of activity of Lignin peroxidase, similarly ABTS for laccase and phenol red for 

manganese peroxidase. While other substrates represent the ability of bacterial isolates to 

degrade such a compound as an activity of one or many of these enzymes. 

 

Thus, ability of a bacterial isolate to degrade more than one substrate indicates the presence of 

an array of enzymes and thus functional diversity.  

Functional diversity is underlined by the fact that 10 isolates were capable of degrading all 5 

substrates; 15 isolates degraded 4 substrates and 44 isolates degraded 3 substrates. 

 

8) Secondary screening: Ligninolytic Enzyme Microtitre plate assays:  

Selection of isolates for secondary screening: 

Post-primary screening, selection of isolates which gave positive results was carried out. 30 

isolates gave positive results on basis of: visible on substrates and zone of decolourization of 

dyes. These isolates were selected for secondary screening.  

Materials:  

I. Cell-free broth of 48 hour old cultures of 30 isolates  

II. Micro centrifuge tubes (2 ml)  

III. Analytical Centrifuge  

IV. 96-well Microtitre plates: 12  
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V. MSM medium supplemented with dextrose  

VI. Lignin-like substrates: 6 (Guaiacol, Phenol red, RBBR (Ramazol Brilliant Blue), 

Methylene blue, Azure B, ABTS (2,20-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid))  

VII. Micropipettes and tips  

VIII. Microtitre plate reader  

 

Methodology:  

Ligninolytic Enzyme Microtitre plate assays  

1. Using 96-well Microtitre plate’s secondary screening was performed to quantitatively 

detect the degradation of lignin like substrates in selected 30 isolates.  

2. The assay was performed by inoculating the isolates in sterile MSM medium (broth) 

supplemented with dextrose and MnSO4.  

3. 48 hours old cultures were used.  

4. These broths were centrifuged at 5000 rpm for 20 minutes, to obtain cell free broth for the 

assay.  

5. Six different substrates were used for secondary screening to check the presence of 3 

ligninolytic enzymes: Lignin peroxidase, Manganese peroxidase and Laccase and degradation 

of these substrates.  

6. The total reaction volume for each substrate assay was 250µL.  

7. The assay for each isolate was performed in triplicates.  

8. The composition for test, blank and negative control as follows:  

 

Table - Assay reaction design 

Blank Negative control Test 

Substrate  Substrate  Substrate  

Buffer solution  Buffer solution  Buffer solution  

Inducer (if required)  Inducer (if required)  Inducer (if required)  

Distilled water  Heat inactivated cell free 

broth  

Cell free broth  

 

(The inactivation of cell-free broth was carried out by keeping the cell free broths in boiling 

water bath for an hour.)  

9. The absorbance was measured using the Microtitre plate reader.  

Method:  
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The assay protocol for ligninolytic enzyme Microtitre plate assay for each substrate is as 

follows:  

A. Guaiacol: (Lignin peroxidase)  

1. The reaction mixture contained: 50 mM of sodium acetate buffer (pH=4), guaiacol 46mM, 

cell-free broth 50µL. To which 12.3mM H2O2 was added as an inducer.  

2. The plates were incubated for 5 min.  

3. Absorbance was read at 440nm.  

 

B. ABTS: (Laccase)  

1. The reaction mixture contained: 50 mM of sodium acetate buffer (pH=4), ABTS 10mM, 

cell-free broth 10µL. Inducer is not required for activation of laccase.  

2. The plates were incubated for 3 mins.  

3. Absorbance was read at 420nm.  

 

C. Phenol red: (Lignin peroxidase)  

1. The reaction mixture contained: 50 mM of sodium potassium tartarate buffer (pH=4), 

Phenol red 0.28mM, cell-free broth 50µL. To which 0.1 mM H2O2 was added as an inducer 

along with 1mM MnSO4.  

2. The plates were incubated for 1 min.  

3. Absorbance was read at 610nm.  

 

D. Methylene blue: (Lignin peroxidase)  

1. The reaction mixture contained: 50 mM of sodium potassium tartarate buffer (pH=4), 

Methylene blue 0.32mM, cell-free broth 10µL. To which 0.1 mM H2O2 was added as an 

inducer.  

2. The plates were incubated for 60mins.  

3. Absorbance was read at 650nm.  

 

E. Azure B: (Lignin peroxidase)  

1. The reaction mixture contained: 50 mM of sodium potassium tartarate buffer (pH=4), 

Azure B 0.16mM, cell-free broth 50µL. To which 2 mM H2O2 was added as an inducer.  

2. The plates were incubated for 10 mins.  

3. Absorbance was read at 610nm.  

 

F. RBBR: (for all 3 enzymes)  
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1. The reaction mixture contained: Distilled water, RBBR 3.19mM, cell-free broth 25µL. 

Inducer not required for RBBR assay.  

2. The plates were incubated for 60 mins.  

3. Absorbance was read at 595nm.  

 

The end point for guaiacol& ABTS assay was increase in intensity of substrates. Thus, 

absorbance increased as compared to negative control for these 2 assays. Whereas, for 

remaining 4 dyes as substrates the end point of assay is decolorization due to oxidation of 

substrates by the respective enzymes. Thus, absorbance decreased as compared to negative 

control. The percent decolorization was calculated as: 

 

 

Number of isolates giving positive results for primary screening; both visible growth and zone 

of decolourization; were selected for secondary screening. At this stage, number of isolates 

was narrowed down to 30.  

Secondary screening provided quantitative data in form of estimated value of percent 

decolourization or percent degradation depending upon type of substrates. Some of which 

such as RBBR, phenol red, methylene blue and azure B showed decolourization where ABTS 

and guaiacol are said to be degraded or modified rather than decolorized.  

This step provides numerical data as a result for each isolate. Maximum percent 

decolourization or percent degradation can be represented graphically as follows. 

Guaiacol: Total of 23 isolates was capable of degrading guaiacol. The overall percent 

degradation ranged from zero to 83.70%. 
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Phenol red: Total of 7 isolates was capable of degrading phenol red. The overall percent 

degradation ranged from zero to 14.86%. 

 

 

 

Methylene blue: Total of 13 isolates were capable of degrading methylene blue. The overall 

percent degradation ranged from zero to 5%. 
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RBBR: Total of 13 isolates were capable of degrading RBBR. The overall percent degradation 

ranged from zero to 18.49%. 

 

 

 

Azure B: Total of 15isolates were capable of degrading Azure B. The overall percent 

degradation ranged from zero to 13.51%. 
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ABTS: Total of 24 isolates were capable of degrading ABTS. The overall percent degradation 

ranged from zero to 27.94%. 
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Statistical analysis:  

ANOVA:  

Analysis of variance (ANOVA) is a statistical models used in order to analyze the differences 

between group means and their associated procedures (such as "variation" among and 

between groups), developed by R. A. Fisher. In its simplest form, ANOVA provides a 

statistical test of whether or not the means of several groups are equal, and therefore 

generalizes the t-test to more than two groups. The observed variance in a particular variable 

is partitioned into components attributable to different sources of variation.  

ANOVA was used to calculate variance between the means of groups that is between the all 5 

assay groups, within means of a group i.e. for one single assay. Null hypothesis can be ‘all 

assay conditions have a same effect on result.’ Where only single parameter will be 

considered for calculating f values and P values and this is the percent degradation or 

decolourization that is result of these assays for each isolate.  

Following are the results of single factor ANOVA: 

 

Table - Results of ANOVA for 5 substrates 

 

The observation that F test value is greater than F critical value, suggests the rejection of null 

hypothesis and thus variation due to assay conditions is significant.  
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Conclusion:  

Functional diversity of bacterial isolates from Western Ghats was studied with respect to their 

ligninolytic capabilities. Total of 57 isolates were obtained from composite soil samples 

collected from three different Western Ghat montane rain forests. Their capability to 

degrade lignin-like substrates was studied. This degradation was attributed to presence of 

array of enzymes such as lignin peroxidase, manganese peroxidase, laccase and versatile 

peroxidase. Effect of which was confirmed through secondary screening wherein 

degradation and decolorization of these lignin-like substrates was quantitatively studied. 

Furthermore, few of the screened isolates were identified and were found to belong to five 

different genera viz. Acinetobacter, Pseudomonas, Serratia, Staphylococcus and Bacillus. 

Identification and characterization of remaining isolates is in progress.  

 

Bacteria isolated from the soils of Western Ghat were found to possess the ability of 

degrading lignin-like substrates (Guaiacol, Phenol red, Azure B, RBBR and Methylene 

blue). Therefore it can be correlated with ligninolytic ability of bacterial enzymes. In 

quantitative analysis, enzyme activity of Laccase was found to be maximum followed by 

Lignin Peroxidase. Enzyme activity of Manganese Peroxidase was found to be the least.  

Bacterial enzymes were capable of saccharification, so it can be concluded that by using 

these enzymes, enzymatic hydrolysis of lignocellulosic feedstock is possible. From 

Industrial point of view the simple monomers produced by these enzymes can be 

subsequently used for bioethanol production. 

 

Future prospect:  

To study application of these bacterial isolates in microbial processes leading to production of 

third generation biofuels. 
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Number of publications out of the project: 

Following two poster papers were presented in International Conferences 

• Prafulla Shede, Bela Dhamangaonkar and Shraddha Maitra. (2016) Characterization of 

lignin degrading bacteria isolated from Western Ghat. (Poster) 57th International Annual 

Conference of the Association of Microbiologists of India (AMI 2016) & International 

Symposium on ‘Microbes and Biosphere: what’s new what’s next?’ Guwahati, India. 

• Sayali Shete, Pratika Kakad and Prafulla Shede (2017). Exploring lignolyitc potential of 

soil bacteria isolated from Western Ghat. (Poster)  International Conference on Current 

Trends in bioenergy and its applications (ICCTBA), Pune, India.  

 

 

 

  



31 

 

References:  

• Abd-Elsalam, H. A., AndAmr A. El-Hanafy. (2009): "Lignin Biodegradation With 

Ligninolytic Bacterial Strain And Comparison Of Bacillus Subtilis And Bacillus 

Sp. Isolated From Egyptian Soil." Am Eurasian J Agric Environ Sci5 39-44.  

• Archibald, Frederick S. (1992): "A New Assay For Lignin-Type Peroxidases 

Employing The Dye Azure B." Applied And Environmental Microbiology 58.9 

3110-3116.  

• Asgher M, Yasmeen Q, Sheikh M, Nawaz H (2013) Optimization of lignolytic 

enzymes production through response surface methodology. BioResources 8(1): 

944-968. 

• Banakar, Shivakumar P., And B. Thippeswamy. (2014): "Isolation And Partial 

Purification Of Fungal Ligninolytic Enzymes From The Forest Soil Fungi Isolated 

From Bhadra Wildlife Sanctuary." Frontiers In Biology 9.4 291-299.  

• Banerjee G, Scott-Craig JS, Walton JD (2010) Improving enzymes for biomass 

conversion: A basic research perspective. Bioenerg Res 3: 82-92. 

• Barrasa, J. M., Et Al. (1998): "Electron And Fluorescence Microscopy Of 

Extracellular Glucan And Aryl-Alcohol Oxidase During Wheat-Straw 

Degradation By PleurotusEryngii." Applied And Environmental Microbiology 64.1 

325-332.  

• Bholay AD, Borkhataria BV, Jadhav PU, Palekar KS, Dhalkari MV, Nalawade 

PM (2012) Bacterial lignin peroxidase: a tool for biobleaching and biodegradation 

of industrial effluents. 2(1): 58-64. 

• Bholay, A. D., Et Al. (2012): "Bacterial Lignin Peroxidase: A Tool 

ForBiobleaching And Biodegradation Of Industrial Effluents." Universal Journal 

Of Environmental Research And Technology 2.1 58-64.  

• Bisswanger, Hans. (2014): "Enzyme Assays." Perspectives In Science 1.1 41-55.  

• Boominadhan U, Rajakumar R, Sivakumaar PKV, Joe MM (2009) Optimization 

of protease enzyme production using Bacillus sp. isolated from different wastes. 

Bot Res Intl 2(2): 83-87. 

• Bunyan M, Bardhan S, Jose S (2012) The Shola (tropical montane forest)-

grassland ecosystem mosaic of peninsular India: a review. Am J Plant Sci 3: 1632-

1639. 



32 

 

• Camarero S, Sarkar S, Ruiz-Duen FJ, Martınez MJ, Martınez AT (1999) 

Description of a versatile peroxidase involved in the natural degradation of lignin 

that has both manganese peroxidase and lignin peroxidase substrate interaction 

sites. J BiolChem 274(15): 10324–10330. 

• Chandra, Ram, And Ram NareshBharagava. (2013):"Bacterial Degradation Of 

Synthetic And Kraft Lignin By Axenic And Mixed Culture And Their Metabolic 

Products."JournalOf Environmental Biology 34.6.  

• Cullen D, Kersten PJ (2004) Enzymology and molecular biology of lignin 

degradation. In: Brambl R, Marzluf GA, eds. The Mycota III; Biochemistry and 

molecular biology, 2nd edition. Berlin-Heidelberg. Berlin-Heidelberg: Springer- 

Verlag: 13: 249-273. 

• Cullen, D., And P. J. Kersten. (1996): "Enzymology And Molecular Biology Of 

Lignin Degradation." Biochemistry And Molecular Biology. Springer Berlin 

Heidelberg, 295-312.  

• Dhouib, Abdelhafidh, Et Al. (2005): "Autochthonous Fungal Strains With High 

Ligninolytic Activities From Tunisian Biotopes." African Journal Of 

Biotechnology 4.5 431-436.  

• Eichlerová, Ivana, JaroslavŠnajdr, AndPetrBaldrian. (2012): "Laccase Activity In 

Soils: Considerations For The Measurement Of Enzyme Activity." 

Chemosphere88.10 1154-1160.  

• Elsayed MA, Hassan MM, Elshafei AM, Haroun BM, Othman AM (2012) 

Optimization of cultural and nutritional parameters for the production of laccase 

by Pleurotusostreatusarc280. British Biotechnol J 2(3): 115-132.  

• Fisher, Adam B., And Stephen S. Fong. (2014): "Lignin Biodegradation And 

Industrial Implications." AIMS Bioengineering 1.2 92-112.  

• Forootanfar, Hamid, Et Al. (2012): "Synthetic Dye Decolorization By Three 

Sources Of Fungal Laccase." Iranian J Environ Health SciEng9 27.  

• Gao, Huiju, Et Al. (2013): "Isolation, Identification And Application In Lignin 

Degradation Of An Ascomycete GHJ-4." African Journal Of Biotechnology 10.20 

4166-4174.  

• Gavlak, Ray, Et Al. (2003): "Soil, Plant And Water Reference Methods For The 

Western Region." WCC-103 Publication, WREP-125, 17-36.  



33 

 

• Geethanjali PA (2012) A study on lignin degrading fungi isolated from the litter of 

evergreen forests of Kodagu (D), Karnataka. Intl J Environ Sci 2(4): 2034-2039. 

• Gnansounou A, Dauriat E (2005) Ethanol fuel from biomass: A review. J SciInd 

Res 64: 809-821. 

• Haluschak, P. (2006): "Laboratory Methods Of Soil Analysis." Canada-Manitoba 

Soil Survey 3-133.  

• Hariharan S, Nambisan P (2013) Optimization of lignin peroxidase, manganese 

peroxidase and Lac production from Ganodermalucidum under solid state 

fermentation of pineapple leaf. BioResources 8(1): 250-271. 

• Hariharan, Sudha, And Padma Nambisan. (2012): "Optimization Of Lignin 

Peroxidase, Manganese Peroxidase, And Lac Production From 

GanodermaLucidum Under Solid State Fermentation Of Pineapple Leaf." 

Bioresources8.1 250-271.  

• Hatakka, Annele. (2005)"Biodegradation Of Lignin." Biopolymers Online.  

• Holt J (1994) Bergey’s manual of determinative bacteriology. Ninth ed. Lippincott 

Williams & Wilkins.  

• Hong, Yuanyuan, Et Al. (2012): "Enzyme Production And Lignin Degradation By 

Four Basidiomycetous Fungi In Submerged Fermentation Of Peat Containing 

Medium."International Journal Of Biology 4.1 P172.  

• Huang, Xing‐Feng, Et Al. (2013): "Isolation And Characterization Of 

Lignin‐Degrading Bacteria From Rainforest Soils." Biotechnology And 

Bioengineering 110.6 1616-1626.  

• Ihssen, J., Et Al. (2011): "Efficient Production Of Al (OH) 3‐Immobilized Laccase 

With A HeterobasidionAnnosum Strain Selected By Microplate Screening." 

Journal Of Applied Microbiology 110.4 924-934.  

• Imhoff, Paul T., Et Al. (2007): "Review Of State Of The Art Methods For 

Measuring Water In Landfills." Waste Management 27.6 729-745.  

• Imran M, Asad MJ, Hadri SH, Mehmood S (2012) Production and industrial 

applications of laccase enzyme. J Cell MolBiol 10(1): 1-11. 

• Jhadav A, Vamsi KK, Khairnar Y,  Boraste A, Gupta N, Trivedi S, Patil P, Gupta 

G, Gupta M, Mujapara AK, Joshi B, Mishra D (2009) Optimization of production 

and partial purification of laccase by Phanerochaete chrysosporium using 

submerged fermentation. Intl J Microbiol Res 1(2): 9-12. 



34 

 

• Jing D, Wang J (2012) Controlling the simultaneous production of laccase and 

lignin peroxidase from Streptomyces cinnamomensis by medium formulation. 

Biotechnol Biofuels 5: 15. doi:10.1186/1754-6834-5-15 

• Johannes C, Majcherczyk A (2000) Laccase activity tests and laccase inhibitors. J 

Biotechnol 78: 193-199.  

• Junsomboon, Jaroon, AndJaroonJakmunee. (2011): "Determination Of Potassium, 

Sodium, And Total Alkalies In Portland Cement, Fly Ash, Admixtures, And Water 

Of Concrete By A Simple Flow Injection Flame Photometric System."JournalOf 

Analytical Methods In Chemistry).  

• Kuan IC, Tien M (1993) Stimulation of Mn peroxidase activity: A possible role 

for oxalate in lignin biodegradation. ProcNatlAcadSci USA 90: 1242-1246. 

• Kunamneni, Adinarayana, Et Al. (2008): "Laccases And Their Applications: A 

Patent Review." Recent Patents On Biotechnology 2.1 10-24.  

• Leisola M, Pastinen O, Axe DD (2012) Lignin – designed randomness. Bio-

Complexity 3: 1-11.   

• Li A, Zhu Y, Xu L, Zhu W, Tian X (2008) Comparative study on the 

determination of assay for laccase of Trametes sp. African J Biochem Res 2(8): 

181-183. 

• Mahmoud, A. S., Abdel E. Ghaly, And S. L. Brooks. (2007): "Influence Of 

Temperature And pH On The Stability And Colorimetric Measurement Of Textile 

Dyes."American Journal Of Biochemistry And Biotechnology 3.1 33.  

• Malherbe S, Cloete E (2002) Lignocellulose biodegradation: Fundamentals and 

Applications. Rev Environ SciBiotechnol1: 105-114.  

• Manole, Alina, Et Al. (2008): "Laccase Activity Determination." AnaleleŞtiinţifice 

Ale Universităţii “Al. I. Cuza” Iaşi4 17-24.  

• Mussatto SI, Teixeira JA ( 2010) Lignocellulose as raw material in fermentation 

processes. In Current Research: Technology and Education topics in Applied 

Microbiology and Microbial Biotechnology, Ed. Mendez-Vilas A. 897-907. 

• Nasrin, M. S., Et Al. (2004):"Identification Of Bacteria And Determination Of 

Their Load In Adult Layer And Its Environment." J Bangladesh 

SocAgricSciTechnol1-2.  



35 

 

• Pant KS, Khosla V, Kumar D, Gairola S (2006) Seed oil content variation in 

JatrophacurcasLinn. In different altitudinal ranges and site conditions in H.P. 

India. Lyonia – J EcolAppl 11(2): 31-34.  

• Perez J, Munoz-Dorado J, de la Rubia T, Martinez J (2002) Biodegradation and 

biological treatments of cellulose, hemicellulose and lignin: An overview. Intl 

Microbiol5:  53-63.  

• Rathod M (2011) Taxonomic studies on the Daedaloid and Hexagonoidpolypores 

form the forest of Western Maharasta. Recent Res SciTechnol 3(5): 50-56. 

• Roy PS, Karnatak H, Kushwaha SPS, Roy A, Saran S (2012) India’s plant 

diversity database at landscape level on geospatial platform: Prospects and utility 

in today’s changing climate. CurrSci 102(8): 1136-1142. 

• Saha BC, Bothast RJ (1998) Enzymes in lignocellulosic biomass conversion. Fuel 

and Energy Abstracts 39: 36. 

• Saparrat, M. C., Et Al. (2002): "Screening For Ligninolytic Enzymes In 

Autochthonous Fungal Strains From Argentina Isolated From Different 

Substrata." RevistaIberoamericana De Micologia19.3 181-185.  

• Saravanan D, Bharathi S, Radhakrishnan M, Balagurunathan R (2012) 

Exploitation of bacteria from forest ecosystem for antimicrobial compounds. J 

ApplPharmaSci 2(3): 120-123. 

• Sasikumar, V., Et Al. (2014): "Isolation And Preliminary Screening Of Lignin 

Degrading Microbes." Journal Of Academia And Industrial Research (JAIR) 3.6 

291.  

• Scopes, Robert K. 1994 Protein Purification: Principles And Practice. Springer 

Science &Business Media.  

• Şen, İlknur. (2003): "Spectroscopic Determination Of Major Nutrients (N, P, K) 

Of Soil."  

• Sheikhi F, Ardakani MR, Enayatizamir N, Rodriguez-Couto S (2012) The 

Determination of Assay for Laccase of Bacillus subtilis WPI with Two Classes of 

Chemical Compounds as Substrates. Indian J Microbiol 52(4): 701-707. 

• Shruthakeerthiraja SB, Krishnakumar G (2012) Phytosociological studies on a low 

altitude forest of the Western Ghats region – India. Ind J Sci 1(1): 64-70. 

• Sivakami V, Ramachandran B, Srivathsan J, Kesavaperumal G, Smily B, Mukesh 

Kumar DJ ( 2012) Production and optimization of laccase and lignin peroxidase 



36 

 

by newly isolated PleurotusostreatusLIG 19. J Microbiol Biotech Res 2(6): 875-

881.  

• Song B, Haggblom MH, Zhou J, Tiedje JM, Palleroni NJ (1999) Taxonomic 

characterization of denitrifying bacteria that degrade aromatic compounds and 

description of Azoarcustoluvoranssp. nov. andAzoarcustoluclasticussp. nov. Intl J 

System Bacteriol 49: 1129-1140. 

• Srinivasan, C., Et Al. (1995): "Demonstration Of Laccase In The White Rot 

Basidiomycete Phanerochaete Chrysosporium BKM-F1767." Applied And 

Environmental Microbiology 61.12 4274-4277.  

• Student’s Handout 1A, How To Calculate Biodiversity Index.  

• Sudarson, Jenefar, Et Al. (2014): "Expeditious Quantification OfLignocellulolytic 

Enzymes From Indigenous Wood Rot And Litter Degrading Fungi From Tropical 

Dry Evergreen Forests Of Tamil Nadu." Biotechnology Research International.  

• Sun Y, Cheng J (2002) Hydrolysis of lignocellulosic materials for ethanol 

production: A review. BioresTechnol 83: 1-11. 

• Sun, Ye, AndJiayang Cheng. (2002): "Hydrolysis OfLignocellulosic Materials For 

Ethanol Production: A Review." Bioresource Technology 83.1 1-11.  

• Thorn, R. Greg. (1993): "The Use Of Cellulose Azure Agar As A Crude Assay Of 

Both Cellulolytic And Ligninolytic Abilities Of Wood-Inhabiting Fungi." 

Proceedings Of The Japan Academy. Ser. B: Physical And Biological Sciences 

69.2 29-34.  

• Tuomela M, Vikman M, Hatakka A, Itavaara M (2000) Biodegradation of lignin 

in a compost environment: A review. BioresTechnol 72: 169-183. 

• Valan AM, Ignacimuthu S, Agastian P (2012) Actinomycetes from Western Ghats 

of Tamil Nadu with its antimicrobial properties. Asian Pacific Journal of Tropical 

Biomedicine S830-S837. 

• Xin, F. X., Et Al. (2013): "Decolourization OfRemazol Brilliant Blue R By 

Enzymatic Extract And Submerged Cultures Of A Newly Isolated 

PleurotusOstreatus MR3."African Journal Of Biotechnology 12.39 5778-5783.  

• Yadav, Shikha, Et Al. "Isolation, Screening And Biochemical Characterization Of 

Laccase Producing Bacteria For Degradation Of Lignin."  



37 

 

• Zhang N, Zhao M, Wang C, Du G (2012) Decolorization of dyes by 

recombinaseCotA from Escherichia coli BL21 (DE3) and characterization of the 

purified enzyme. African J Biotechnol 11(24): 6603-6611. 

• Zhang Y, Sun S, Hu K, Lin X (2012) Improving production of laccase from novel 

basidiomycete with response surface methodology. African J Biotechnol 11(27): 

7009-7015. 

• Zhou, Xuhui, Shiqiang Wan, AndYiqiLuo. (2007): "Source Components 

AndInterannual Variability Of Soil CO2 Efflux Under Experimental Warming 

And Clipping In A Grassland Ecosystem." Global Change Biology 13.4 761-775  

• Zuurbier P, Jos van de Vooren (2008) Sugarcane ethanol – Contributions to 

climate change mitigation and the environment. Wageningen Academic 

Publishers, Netherland. 

 




