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1.1. General introduction

Fungi are the second largest biotic community after insects and most varied kingdom among

the eukaryotes. They are the key biological component of forest ecosystems as decomposers,

parasites, pathogens or symbionts (Angelini et al., 2008; Perotto et al., 2013). The Kingdom

Fungi is classified into divisions such as Chytridiomycetes, Zygomycetes, Ascomycetes,

Basidiomycetes and mitosporic fungi. In Chytridiomycetes, the sexual spores are produced

by fungus results in the formation of characteristics spores. The fungi that form zygospores

are called Zygomycetes and those that form ascospores are called Ascomycetes; likewise, the

fungi that produce basidiospores are called Basidiomycetes. Mitosporic fungi, on the other

hand, are produced from mitosis and are formed asexually by the spores of Ascomycetes and

Basidiomycetes.

Describing the definite number of fungi on the earth has always been a point of discussion

and a number of studies have been focused on listing the diversity of fungi on earth (Crous

2006). They are present in almost all aspects of human life and functions of ecosystem

(Garibay-Orijel et al., 2009). Hawksworth (1991) reported the total estimated 1.5 million

species of fungi in the world, and there are other reports estimating the number of fungi

ranging from 0.5-9.9 million (Hawksworth 2001). The reported numbers of fungi in India is

more than 27,000 species, and it showed that it is the second largest biotic community

(Manoharachary 2005; Sarbhoy 1996). True fungi have four phyla, 103 orders, 484 families

and 4979 genera. True fungi consists of monophyletic groups, of which Basidiomycetes alone

accounts for 35% of the fungal species described till now.

Mushroom is a word used to describe the fruiting body formed by Basidiomycetes and

Ascomycetes. Mushrooms occur for a very short reproductive stage for their life cycle and
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they are either epigeous or hypogeous; they are large in size and can be observed with naked

eye to be picked by hand (Thatoi and Singdevsachan, 2014). The fruiting bodies of fungi

(except for bracket fungi) are normally short lived; and their existence varies from one to

another. They are cosmopolitan heterotrophic organisms with specific nutritional and

ecological necessities. They can either develop in soil or degrading plant residues as

saprophytes, wood decaying and many of them grow in symbiotic association with the roots

of higher plant species (Crous 2006). Their composition and diversity differs with moisture,

nutrient (particularly nitrogen), forest type, etc. (Trudell and Edmonds, 2004; Christensen and

Heilmann-Clausen, 2009; Pradhan et al., 2013). Their occurrence is also varies from one to

another with the geographical locations and climatic conditions. Some mushrooms appear

during different seasons in a year but some do not appear every year (Packham et al., 2002).

Several molecular techniques have been introduced for quick identification of mushrooms

using biotechnological approach (Lee et al, 2006; Moreau et al., 2006; Urbanelli et al., 2007;

Lian et al., 2008). The advancement of modern technology has brought DNA based

techniques which have eased the knowledge on diversity of microorganisms in the natural

ecosystems (Ward et al., 1990; Tuckwell et al., 2005). DNA based PCR and taxon specific

primers were developed by Mullis and Faloona (1987) which has led to make the detection

and study of fungi in a proper manner. The internal transcribed spacer (ITS) is the region

which has been used commonly for identification of fungi at species level (Sanchez-

Ballesteros et al., 2000). Molecular fingerprinting is an efficient tool employed to analyze

genetic variations in different organisms. It has a great importance as it has characteristics

like the high levels of detectable polymorphism and independence of environmental

parameters (Zervakis et al., 2001). Therefore, different molecular markers including inter-

simple sequence repeat (ISSR), simple sequence repeat (SSR), amplified fragment length

polymorphism (AFLP) and random amplified polymorphic DNA (RAPD) are the most
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commonly used molecular markers for molecular characterization of plants, animals, fungi

and other organisms (Mei et al., 2014).

Edible mushrooms are fleshy fruiting bodies of macrofungi with immense nutritive values

(Das et al., 2015). They are the economic mainstay for the tribal people and essential forest

products (Tibuhwa 2013). The most commonly consumed mushrooms are as follows:

Agaricus bisporus, A. blazei, A. subrufescens, Lentinula edodes, L. polychrous, Pleurotus

ostreatus, P. sajor-caju, Auricularia sp., Flammulina velutipes, etc. (Valverde et al., 2015).

Mushrooms contains high level of proteins, minerals, vitamins including vitamin D and K,

and sometimes vitamins A and C, dietary fiber with low fats – the fat fraction is mostly

composed of unsaturated fatty acids (Srikram and Supapvanich, 2016). Therefore,

mushrooms are valuable food resources which provide dietary fibers while contributing low

calories to the diet (Sanmee et al., 2003). Additionally, mushrooms are also known for their

amino acid content which is a reliable indicator for the nutritive value of food (Ming et al.,

2014). On the other hand, mushrooms are known to have the capability to involve in breaking

down the organic matter and in biological processes. They even have an effective mechanism

for the accumulation of heavy metals from the environment and are subsequently considered

as bioindicators (Nharingo et al., 2015).

There are reports about the accumulation of heavy metals by wild mushrooms from different

countries such as France (Michelot et al., 1998), Czech Republic (Svoboda 2002), Poland

(Rudawskaane 2005), Slovakia (Svoboda et al., 2000), Spain (Garcia et al., 1998), Turkey

(Mendil et al., 2005) and USA (Aruguete et al., 1998). Some of the wild mushrooms are

reported to contain a high concentration of heavy metals even though they grow in non-

polluted areas (Sarikurkcu et al., 2015). They contain various minerals, essential and non-

essential trace elements with problematic heavy metals. The level of accumulation in
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mushrooms is affected by various environmental factors such as organic matter amount, pH,

metal concentrations in soil, and fungal factors such as species of mushroom, morphological

part of fruiting body, development stages, age of mycelium, biochemical composition, and

interval between the fructifications (Gursoy et al., 2009).

Mushroom cultivation is a biotechnological process to recycle lignocellulosic organic waste.

It is a process that produce protein-rich food while reducing the environmental pollution

(Beetz and Kustudia, 2004; Sanchez 2010). The most common cultivated mushrooms in the

world are Agaricus bisporus, Lentinula edodes, Pleurotus sp. and Flammulina velutipes

(Valverde et al., 2015). China is the leading producer among the mushroom cultivating

countries (Patel and Goyal, 2012). Meanwhile, there are several mushrooms which contain

extreme toxins that represent a real hazard to health when ingested even with low

concentrations. The most common toxin found in poisonous mushrooms is amatoxins which

is cytotoxic and it is harmful for kidney and liver (Karlson-Stiber and Persson, 2003).

Poisonous mushrooms are often confused with edible mushrooms which in turn could lead to

mushroom poisoning that cause even fatal sufferings (Tibuhwa 2013). Some of the toxic

mushrooms belong to the genus such as Amanita, Clitocybe, Inocybe, Cortinarius, Gyromitra

and Psilocybe (Lima et al., 2012).

On the other hand, some species of the edible mushrooms contain substances that are harmful

to human health. Among them Agaricus bisporus is the most commonly consumed

mushroom and it is harmful to human health due to the presence of aromatic hydrazines, an

established class of direct-acting chemical carcinogens (Walton et al., 2001).  Likewise,

Pleucybella porrigens, a white mushroom that is widely distributed in Japan, is used as an

ingredient to several processed foods. It is reported to contain substances analogous to

vitamin D which is capable to cause cryptogenic encephalopathy in patients with renal failure
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(Sasaki et al., 2006). There are several edible mushrooms that are reported hazardous due to

their substance composition including Agaricus silvaticus, Tricholoma flavovirens, T.

equestre and Hapalopilus rutilans. Therefore, it important to have proper identification of

wild mushrooms before consumption and also proper identification for the symptoms of

intoxication is crucial for successful treatment.

Medicinal mushrooms have been applied in the traditional ancient therapies (Wasser 2011)

Contemporary research has given authenticity and recognition to this ancient knowledge on

ethnomycology. There has been a massive improvement in demonstrating the effective and

novelty of compounds obtained from various kinds of mushrooms during the last few

decades. Recent clinical practices in several countries including China, Japan, Korea and

Russia are extremely depends upon mushroom-derived preparations (Reshetnikov et al.,

2001; Van Griensven 2009; Wasser 2010a).

Mushrooms, particularly Ganoderma lucidum (Ling Zhi or Reishi), and Lentinus edodes

(Shiitake) played an important role in the ancient oriental traditions. Various mushroom

species including Inonotus obliquus (Pers.: Fr.) Pilát (Chaga), Fomitopsis officinalis (Vill.:

Fr.) Bond. et Singer (Wood Conk or Agaricon), Piptoporus betulinus (Bull.: Fr.) P. Karst.

(Birch Polypore), and Fomes fomentarius Fr.: Fr (Poder 2005) has been used in the treatment

of gastrointestinal disorders, various forms of cancer, bronchial asthma, etc. Other

mushrooms that were used as curatives include Psilocybe in Mesoamerica, Africa, Algeria

and Egypt, and Amanita muscaria in Siberia, Tibet and Celtic (Wasser and Weis, 1999, van

Griensven 2009; Wasser 2010a).

Mushrooms are a treasure trove of natural antibiotics because of its cell wall glucans. The cell

wall glucans are recognized for their immunomodulatory properties which combat bacteria

(Akyuz and Kirbag, 2009) and viruses (Eo et al., 1999a; Brandt and Piraino, 2000). In
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addition to this, the mycelia exudates are active against Plasmodium falciparum and other

microorganisms (Barros et al., 2007). Lentinus edodes has the potential to increase the host

resistance against bacterial and viral infections. The compounds extracted from Lentinus

edodes are reported to have antibacterial and antifungal activity (Barros et al., 2007).

Furthermore, mushrooms are an affluent resource of bioactive compounds such as phenolic

and flavonoids that are beneficial to human health (Heleno et al., 2015; Srikram and Suriyan,

2016). They also contain antioxidant properties based on their phenolic content (Srikram and

Suriyan, 2016). Besides these, they also possess a wide variety of useful characteristics

including antimicrobial (Alves et al., 2013; Stojkovic et al., 2017) and antitumor (Popovic et

al., 2013) properties.

Organic acids, polyphenols, fatty acids, polysaccharides, tocopherols and proteins are the

bioactive constituents of mushrooms that are frequently reported (Stojkovic et al., 2017).

Bioactivity of tocopherols possesses the capability to prevent diseases that are related with

increased formation of free radicals and oxidative stress (Ferreira et al., 2009; Stojkovic et al.,

2017). Apart from this, polyunsaturated fatty acids (PUFA) are the endogenous

intermediaries for cell signalling which implicated the regulation of gene expression and

different natural processes. In addition, fatty acids have the capability to apply numerous

biological consequences such as antioxidant, antitumor, antimutagenic and antibacterial

activities (Stojkovic et al., 2017). Reactions that lead to formation of free radicals such as

reactive nitrosative species (RNS), reactive oxygen species (ROS) and reactive sulphur

species (RSS) have been correlated to several diseases. Hence, the search for novel sources

for natural antioxidants to counteract free radicals is one the main apprehension in cancer

chemoprevention (Stojkovic et al., 2017).
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Mushrooms are a rich source of several enzymes with biotechnological benefits and industrial

applications. Among the enzymes like amylases that are starch degrading enzymes are

broadly distributed in microbial, plant and animal kingdoms; they degrade starch and other

polymers to produce characteristics of individual amylolytic enzymes (Aderibigbe and

Adejumo, 2015). Cellulases, formed by fungi, bacteria, protozoans, plants and animals, are

the enzymes responsible for hydrolysis of β-1, 4 linkages in cellulose chains Henrissat

(1991). They are used extensively used in biomass saccharification. Both the amylases and

cellulases have several applications in the industries related to animal feed, detergents,

drinks, food, fermentation and paper production (Pandey et al., 2000).

Laccase is one of the most important lignolytic enzymes which play a vital role in lignin

degradation. It is a copper containing enzyme that degrades lignin and catalyzes oxidation of

phenolic compounds and aromatic amines (Palmieri et al., 1993). It has been drawing more

attention for its great importance in environmental biotechnology including bioremediation.

Proteases are used in detergents, leather industry, silver recovery, medicines, food processing,

chemical industry and waste management (Ma et al., 2007). In addition, protease have the

capability to play a role in major physiological processes including conidial discharge,

enzyme modification, germination, nutrition regulation of gene expression, sporulation, etc.

(Rao et al., 1998). Tyrosinase enzyme which is widely distributed in animals, microbes and

plants is an enzyme that contains binuclear copper cluster in its active site (Seo et al., 2003).

Likewise, Halaouli et al. (2006) stated the application of tyrosinase in electrochemical

biosensors.

Mizoram, one of the 29 states in India, is an important part of the Indo-Burma Biodiversity

Hot Spot. Although there several studies focusing on the biodiversity of mushrooms and their
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applications, there are no detailed assessment of mushrooms in the selected regions viz.

Dampa Tiger Reserve and Murlen National Park of Mizoram, India.

1.2. Objectives of the proposed research

1. Collection, documentation and culturing of wild mushrooms from protected forests of

Mizoram.

2. Screening for their In vitro antimicrobial activity against selected plant pathogenic

bacteria and fungi.

3. Identification, molecular characterization and extracellular enzyme production of

potential isolates.
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2.1. Ecology and diversity of mushrooms

Mushroom is defined as macrofungi with a unique fruiting body that is either epigeous or

hypogeous. The fruiting bodies that are often large enough to be seen with the naked eye and

can be picked up by hand (Chang and Miles, 1992). Mushrooms were recently placed under

Kingdom Plantae but they are now grouped under Kingdom Fungi because of their distinctive

morphological features. Mushrooms are heterotrophs as they are incapable of generating

nutrients through photosynthesis. Mushrooms generally belongs to the two major phyla of

Kingdom Fungi, namely Basidiomycota and Ascomycota.

Mushrooms breed by spores (seeds for plants) and spores germinate into hyphae

(collectively, mycelia) under favourable conditions. Mycelia are filamentous and generally

unseen with the naked eye. Germinated hyphae form primary mycelia, and then secondary

mycelia through plasmogamy (hyphal fusion). They accumulate nutrients from the substrate

(soil for plants) and colonize substrate. When stimulated by temperature, humidity, etc., the

mycelial colony forms pins under certain conditions and develop to fruiting bodies (fruits for

plants). Young fruiting bodies are called pins (buds for plants). Pins differentiate into a cap

and stem forming fruiting bodies. Spores are present in the gills that lie in the lower part of

cap and the fruiting bodies release spores in order to produce the next generation.

Mushrooms exhibit two phases in their life cycle - the vegetative and the reproductive

growth. In which, the vegetative growth signifies the linear growth of fungal mycelia that

depends and breakdown the complex substrate components into simpler molecules as

nutrients for their absorption. Normally the fruiting bodies of mushrooms are produced when

the mycelia receive low temperature, high humidity and oxygen with a periodical supply of

light. This is called the reproductive growth and is observed when the abovementioned
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environmental condition occurs and the mycelia stop the vegetative growth. They are a group

of fungi that forms relatively conspicuous sporocarp (Ferris et al., 2000).

Several mushrooms that have been reported from India include Auricularia, Ganoderma and

Cordyceps (Singh et al., 2007, 2008 and 2009). Furthermore, Rattan (1977) reported 197

species of Resupinate aphyllophorales from Northwest Himalayas region. In the year 1989,

fifty-five taxa of Russula and twenty-six taxa of Lactarius were described by Atri and Saini.

In addition, fifty mushrooms from Amarkantak in Madhya Pradesh were described including

major genus Agaricus, Amanita, Boletus, Ganoderma, Macrolepiota, Nyctalis, Russula and

Termitomyces (Dwivedi et al., 2012). Two taxa of genus Amanita Pers. were reported for the

first time in India such as Amanita griseofolia Zhu L. Yang and A. hemibapha var. ochracea

Zhu L. Yang.

2.2. Morphological Identification

Morphological identification has been used for the identification, classification and

phylogenetic analysis of fungi over the last 300 years (Seifert et al., 2007). It is not easy to

carry out identification of Kingdom Fungi using morphological parameters due to lack of

distinctive morphological characters and predominance of microscopic species in the

Kingdom (Schoch et al., 2012). Likewise, identification using morphological characters have

its own limitations that results in false identification, which further leads to parallel evolution,

phenotypic plasticity and homoplasy (Judd et al., 2002) and incompetence in selecting

morphologically cryptic taxa (Schoch et al., 2012).

The fruiting body of mushrooms comprised of a stem-like part called the stipe, which bears

an expanded, umbrella-shaped cap or pileus. The underneath of the pileus is called the gills or

lamellae. Universal veil or volva is a tissue that enclosed some mushrooms at their early
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stage, it is then torn open as the growth continues and the young fruiting arise from it. The

universal veil is seen only in some of the mushrooms and in another group of mushrooms; it

tears around the margins of the pileus rather than across the top. Both the universal veil and

partial veil are seen in some genera including Amanita while partial veil alone is seen in

Agaricus. Partial veil is especially important for differentiating various genera and its

presence is often specified by the presence of annulus in the mature fruiting bodies.

There are different types of pileus such as conical (triangular), depressed (lower in the central

portion), umbonate (with a central knob), ovate (like a half-egg), campanulate (bell shaped),

convex (outward rounded), umblicate (with a small deep depression), flat (with a top of

uniform height) and infundibuliform (deeply depressed funnel shaped). The lamellae that

branched out from the stipe up to the margin of the pileus are of different types based on their

attachment. Some of them are emarginated (gills notched immediately before the stipe),

decurrent (gills running down to stipe), adnate (gills widely attached to the stip), free (gills

not attached to stem), subnuate (gills running briefly downward and smoothly notched),

adnexed (gills attached narrowly to the stipe) and sub-decurrent (running briefly downward).

It is sometimes difficult to differentiate between attached gills as the morphological

appearance of mushrooms change with maturity and environmental conditions.

Like the other portions of the fruiting body, there are different kinds of stipe such as bulbous,

clavate or club-shaped, equal, fusoid, swollen or ventricose and radicating. Furthermore, stipe

can also be described based on their insertion on the pileus like central, excentric or lateral. In

addition, the differences in the color, surface covering, form and texture are evenly important

for the morphological identification of mushrooms.
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2.3. Molecular characterization

Cultivation of mushroom is lengthy and the morphological features are constantly affected by

environmental conditions, identification using DNA technology is more reliable and

independent of environmental factors (Liu et al., 2013). DNA-based technologies have been

successfully helping the perceptive of phylogenetic relationships and diversity of

microorganism in natural ecosystems and be able to be acquire openly from DNA and are

regarded as highly consistent for the whole community rather than culture-derived data alone

(Tuckwell et al., 2005). Recently it has been revealed that the application of ribosomal RNA

genes and protein-coding genes have notably helped to resolve phylogenetic relationships in

the phylogeny of fungi (Liu et al., 2013).

The internal transcribed spacer region (ITS1 and ITS2) of ribosomal DNA has been widely

employed in phylogenetic analyses of diverse organisms including animals, fungi and plants

(Liu et al., 2013). Sequences obtained from ITS can build up mutations more rapidly than

5.8S, 18S and 28S rRNAs, it is considered the most useful region for molecular systematics

(Liu et al., 2013). According to the report made by Liu et al. (2013), the length of the ITS1–

5.8S–ITS2 region for the 20 Chinese Pleurotus ostreatus strains ranged from 638 to 640 bp.

Meanwhile, the size of the ITS1 and ITS2 regions is different among the strains from 235 to

237 and from 181 to 182 bp, but the sequence of 5.8S rDNA was similar in all the strains

studied with 154 bp (Liu et al., 2013). This result implies that 5.8S rDNA sequence in all the

strains studied is conserved within the genus Pleurotus which further showed the existing

variation caused by different nucleotides revealed that these strains can be clearly

differentiated from each other based on substitution, insertion or deletion polymorphisms

(Liu et al., 2013). Recent study reported the lengths of the sequences among the Pleurotus

eryngii strains studied revealed the sequences ranged from 518 to 616 bp also with the
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differences in the ITS1 and ITS2 regions from 214 to 222 bp and 145 to 236 bp respectively

(Alam et al., 2009).

The advancement of breeding programs for edible mushrooms has been hindered by the

complexity in performing direct cross between different fungal strains. These barriers are

often caused by incompatible barriers, conflicting data regarding size and organization of the

genetic material and by the deficiency of linkage maps to confine the genes of interest.

Molecular markers have been used to discriminate mushroom lineages at the species level as

they are more stable, reproducible and the fact that they are not influenced by environmental

conditions which makes them provide more information on genetic characteristics of any

species. Various markers employed for studying mushroom diversity are inter simple

sequence repeat markers (ISSR), random amplified polymorphic DNA (RAPD), sequence-

related amplified polymorphism (SRAP), simple sequence repeat (SSR), amplified fragment

length polymorphism (AFLP), sequence-characterized amplified region (SCAR) and

restriction fragment length polymorphism (RFLP).

ISSR markers have been known as cost-effective and consistent DNA marker (Du et al.,

2013). It has been employed in various studies like genetic diversity, population genetics and

strain identification of mushrooms (Du et al., 2013). Du et al. (2013) studied 22 wild

mushrooom strains and two cultivars of Auricularia auricula-judae collected from various

ecological regions of China. They reported that the genetic diversity of A. auricula-judae

cultivars were lower than that in wild strains which was similar with the findings made on the

genetic study of Agaricus bisporus (J. E. Lange) Imbach and Lentinula edodes (Berk.) Singer

(Moore et al., 2001; Zhang et al., 2007b). On the other hand, the genetic diversity of the

cultivated A. auricula-judae was recorded higher than those of cultivated Auricularia

polytricha (Mont.) Sacc. (P = 40.7%, Du et al., 2011b).
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Currently RAPD analysis is not only employed for genetic characterization of organisms but

also for identification of genetic diversity in agriculturally and industrially important

synthetic or newly discovered species (Bhat et al., 2012; Shakeel et al., 2013). Due to the

non-compulsory requirements of DNA sequence information, RAPD has gained interest

along with the fewer requirements of DNA, no hazardous contamination and cheap

technology (Mei et al., 2014). It has been used successfully to differentiate various genera of

cultivated mushrooms, for instance, to identify and evaluate single-spore progenies of

Agaricus bisporus (Calvo-Bado et al., 2000) and Stropharia rugoso-annulata (Yan et al.,

2003) and to differentiate diverse strains of Agaricus bisporus (Moore et al., 2001),

Ganoderma lucidum (Hseu et al., 1996), Lentinula edodes (Chiu et al., 1996).

Sequence-related amplified polymorphism (SRAP) technology is a molecular marker

developed by Li and Quiros (2001). In this technology, the primers that are designed

according to the open reading frames (ORFs) amplified the molecular marker and can

produce polymorphic amplification products owing to different individuals, intron numbers

and length between promoter and intergenic regions. The advantage of this technology is its

simplicity, stability and well-repeatability which make it an effective tool in analysis of

genetic diversity, identification of cultivars and phylogenetic analysis (Ferriol et al., 2003a;

Budak et al., 2004; Tang et al., 2010). Zhang et al. (2012) have reported that the ISSR and

SRAP technologies were highly useful to demonstrate genetic diversity of 20 cultivated

Pleurotus citrinopileatus Singer. The result also mentioned that the information generated by

the SRAP analysis was more closely correlated with morphological variability as compared

to the information obtained using ISSR marker system. It is also reported by several studies

regarding the low correlation between ISSR and SRAP marker systems which could be due to

differences in the target region of the genome by the two marker systems (Tang et al., 2010).
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Single sequence repeats (SSR) highly exist in the genomes of prokaryotic and eukaryotic

organisms (Karaoglu et al., 2005; Xiao et al., 2010). They are composed of tandemly

repeated, short sequence motifs (one to six base pairs). This technique is co-dominant, easy,

high in polymorphism, reliable, reproducible and stable to score. Hence, it is extensively used

in a variety of research areas including construction of genetic linkage maps, analysis of

genetic diversity, molecular ecology and phylogenetics (Fisher et al., 2000; Kaye et al., 2003;

Jany et al., 2006; Roy et al., 2008; Xiao et al., 2010). The SSR marker technology has

attracted more attention due to its advantages over other marker systems. It has been

successfully employed to study different mushrooms such as Agaricus bisporus, Pleurotus

ostreatus and Suillus bovines for genetic analysis (Kikuchi et al., 2007; Foulongne-Oriol et

al., 2009; Kyung-Ho et al., 2009).

Amplified fragment length polymorphism (AFLP) is a PCR-based technique for genotyping

and fingerprinting DNA of any origin and complexity in human, plants and microorganisms

(Terefework et al., 2001; Pawlik et al., 2012). The advantage of AFLP analysis is the

percentage of polymorphic DNA bands and the numbers of amplicons are determined by the

number of selective nucleotides at the 3’ end in the restriction enzyme primers (Janssen et al.,

1996). Furthermore, it has the capability to screen many different regions of DNA distributed

randomly throughout the genome simultaneously (Mueller and Wolfenfenbarger, 1999;

Pawlik et al., 2012).

Sequence characterized amplified region (SCAR) technique was introduced in 1991 (Paterson

et al., 1991; Liu et al., 2012) and have been broadly employed since 1996 for different

aspects of Basidiomycetes, population genetics and genetic analysis (Liu et al., 2012). In

addition, this marker can be employed as potentially co-dominant markers and the most

important advantage of this marker is that it can be co-dominant when polymorphism is
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revealed after digestion of the monomorphic bands using restriction enzymes in both

monokaryotic parents (Kiran et al., 2010; Liu et al., 2012). Consequently, this give a

substitute method to construct a new genetic map (Miyazaki et al., 2008), increase the density

of established maps (Foulongne-Oriol et al., 2010), mapping of genes that are medically and

agriculturally important and quantitative trait loci of Basidiomycetes (Wang et al., 2009;

Wang et al., 2003) and to understand the basic of genetic diversity (Deputy et al., 2002).

Currently there are approximately 80 of such markers were located in several genetic linkage

maps (Miyazaki et al., 2008).

Restriction fragment length polymorphism (RFLP) is a molecular technique which consists of

PCR amplification of target DNA fragments followed by digestion of the PCR products using

restriction endonucleases to obtain band patterns. It has been extensively used in molecular

characterization of living organisms (Thomson et al., 2004). In the recent years,

differentiation of various species of bacteria (Rachman et al., 2004; Singh et al., 2006), yeasts

(Granchi et al., 1999; Quiros et al., 2006), fungi (Mabru et al., 2004; Llorens et al., 2006) and

other organisms (Demkin and Zimin, 2005; de Andrade et al., 2006) have been performed by

selection of endonucleases with restriction enzyme cleavage. But today as there are more

readily available DNA sequences, the selection of endonucleases is based upon the sequence

analyses through assessment of recognition sites in the restriction enzymes from the

alignment of sequences such as from bacteria (Gurtler et al., 2006), fungi (Gaitanis et al.,

2002; Trost et al., 2004) and other organisms (Yang et al., 2004; Aranishi, 2005).
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2.4. Nutritional and nutraceutical properties

Wild mushrooms have been widely consumed since the early period of human civilization

because of their distinctive and subtle flavour, being a rich source of protein, fiber and

carbohydrates, minerals and high water contents (Heleno et al., 2015); with lower lipid

composition which make them excellent to be included in low-caloric diets (Ferreira 2009;

Heleno et al., 2015). Apart from their morphological features and rich flavour compositions,

their high protein and amino acids contents makes them more efficient in modern nutrition

and medicine (Ribeiro et al., 2008). The assessment of nutritional composition in mushrooms

is considered as an initial guide for considering the nutritional composition to endow a

starting point for framing the nutritive prospective of these natural resources, which in turn is

to reduce nutritional deficiencies in the developing nations (Mdachi et al., 2004).

Patil (2012) reported that the average protein content of the Pleurotus sajor-caju varied from

20.33 to 25.33 cultivated using different agro wastes. The protein content of Agaricus

campestris grown on different substrates is lower than Agaricus bisporus grown under

submerged condition (Mukhopadhyay and Guha, 2015). Lallawmsanga et al. (2016) reported

that the protein content in three wild edible mushrooms, namely, Schizophyllum commune,

Pleurotus sp. and Panus giganteus is 30.3, 34.3 and 35.59 g/100 dw respectively. Coprinus

cinereus cinereus (Schaell.) S. Gray, Pleurotus flabellatus (Berk. and Br.) Sacc. and

Volvariella volvaceae (Bull. Ex Fr.) Singer contained significant amounts of carbohydrates

(50-62%), crude fibre (6.6-11%), minerals (5.2-32 mg/100 g dry weight), crude protein (17-

28%) and vitamin C (33–55 mg/100 g dry weight) (Mshandete, 1998). An edible wild

Tanzanian mushroom contain fat ranged from 2.05% to 5.74%, protein content ranged from

6.64% to 31.70% and vitamin C content ranged from 46.8% to 58.5% (Mshandete 1998;

Ndekya 2002). The nutritional content of Pleurotus flabellatus harvested from differently
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supplemented dried and pasteurized shoots of water hyacinth reported showed the total

carbohydrates ranging from 35-65.1%,  crude fats 1.18-3.02%, crude fibre 6.7% to 20%,

crude protein 18.7% to 39.0% and vitamin C 23.5 42.1 mg/100 g (Mamiro 2002).

There are several reports regarding the composition of fatty acids in mushrooms. Heleno et

al. (2015) reported that the polyunsaturated fatty acids (PUFA) preponderate over

monounsaturated fatty acids (MUFA) in Volvopluteus gloiocephalus and Clitocybe

subconnexa which was mainly due to the high concentration of linoleic acid. Additionally,

the content of oleic acid in both the samples was significantly higher than the palmitic and

stearic acids. Likewise, the eight mushrooms studied from Argentina showed that the highest

content of fatty acid was observed linololeic acid, followed by oleic acid and palmitic acid.

The percentage of polyunsaturated fatty acids (PUFA) was significantly higher than

monounsaturated fatty acids (MUFA) (Toledo et al., 2016).

Mushrooms are of great importance in modern nutrition and medicine as they are rich in

proteins and amino acids (de Pinho et al., 2008; Ribeiro et al., 2008). The concentration of

amino acid in mushroom is a dependable indicator of the nutritional importance of food,

including mushrooms (Ribeiro et al., 2008). Apart from their function as protein monomeric

units, α-amino acids are the energy metabolites and the precursor of several biologically

significant nitrogen-containing compounds like alkaloids, glutathione, heme, nucleotides,

nucleotide coenzymes, physiologically active amines (neurotransmitters) and various

hormones (Voet and Voet, 2004; Ribeiro et al., 2008). The previous study reported the

percentage of essential amino acids in the three mushroom species, namely, Lactarius sp.,

Boletus pruinatus and B. cavipes (Mdachi et al., 2004). Leucine (Leu) was recorded the most

abundant of all the amino acids showing 15.9%, 10.6% and 8.40% respectively. In addition,

valine (Val) was the second most abundant essential amino acid in the three mushroom

species studied with 11.4%, 7.96% and 6.04% respectively, followed by threonine with
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11.0%, 7.79% and 5.02% (Mdachi et al., 2004). The amino acid concentrations in edible

mushrooms were much higher when compared with the medicinal mushrooms. Among the

edible mushrooms as Agaricus bisporus was observed to contain the highest concentration of

amino acids (168.43 mg g-1) and the medicinal mushroom with the highest amino acids

content was Agaricus blazei (227.00 mg g-1) (Kim et al., 2009).

Generally, mushrooms are regard as a healthy food source as they contain low calories with

nutritional contents similar to most legumes and meats (Kalac 2009; Schlecht et al., 2015).

Mushrooms have gained a high interest as functional foods for nutritional and medicinal

effects especially in the food industry to develop a new generation of foods (Barros et al.,

2008; Schlecht et al., 2015).

2.5. Composition of Elements

Several elements are highly necessary in numerous biochemical processes for the appropriate

function of the body. Various elements like mercury, lead, cadmium, and arsenic are toxic to

living organisms particularly to human body. These kinds of heavy metals can disturb the

metabolic processes by emulating the action of essential elements, which in turn could cause

various health issues. On the other hand, mushrooms are also known to accumulate trace

metals (Falandysz and Borovicka, 2013; Schlecht et al., 2015). Trace metal concentrations in

mushrooms are considerably higher than those in agricultural crop plants, fruits, vegetables,

or even in animal tissues (Mleczek et al., 2013; Schlecht et al., 2015). Particularly among the

elements found in mushrooms, cadmium, lead, silver, mercury and arsenic are considered as

hazardous metals or metalloids (Falandysz and Borovicka, 2013; Schlecht et al., 2015).

Different studies that are made from rural sites have shown the negative health effects from

the ingestion of mushrooms (Svoboda et al., 2006; Falandysz and Borovicka, 2013; Schlecht

et al., 2015). It is mainly because mushrooms are known to have a capability to accumulate
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metals which in turn makes it potential to be employed to assess the level of environmental

pollution (Kula et al., 2011).

2.6. Medicinal Properties

Besides, mushrooms are also applied for therapeutic purposes as they have the capability to

produce various kinds of secondary metabolites like alkaloids, organic acids, steroids,

terpenoids and phenolic compounds (Jayakumar et al., 2011; Vieira et al., 2013). There are

some other reports for their health promoting properties such as anticancer, antimicrobial,

antioxidant, cholesterol-lowering and immunodulatory effects (Ferreira et al., 2007; Oyetayo

2009; Kosanic 2016). Some of the medicinal mushrooms have been reported to have

anticancer, anti-diabetic, anti-inflammatory, antiparasitic, antiviral and cardiovascular

properties (Yang et al., 2013b). A number of mushrooms have been studied for their

antimicrobial property such as Lentinula edodes (Ishikawa et al., 2001), Lactarius deliciosus,

Sarcodon imbricatus and Tricholoma portentosum (Barros et al., 2007), Pleurotus ostreatus

(Chowdhury et al., 2015), Lentinula sp. (Lallawmsanga et al., 2016).

Furthermore, there are several mushroom extracts that have been reported for their potential

adjuvants in the radiation treatments and chemotherapy (Sullivan et al., 2006; Borchers et al.,

2008). The previous reports also showed that the fruiting body and mycelium of diverse

mushrooms contain various bioactive compounds such as alkaloids, flavonoids, polyglucan,

polyphenol, polysaccharides, polyketides, steroids, terpenoids and dietary fibers that showed

numerous pharmacological activities (Breene 1990; Kosanic et al., 2016). Previous studies

reported the antimicrobial activity of wild mushrooms from Poland and they recorded that the

mushrooms studied were more active against gram positive bacteria (Nowacka et al., 2015;

Kosanic et al., 2016) and similar report showing the higher activity of mushrooms against

bacteria as compared to fungi (Kosanic et al., 2016). Other report by Lallawmsanga et al.
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(2016) showed the positive growth inhibitory activity of wild mushrooms against bacterial

and fungal pathogens.

Mushrooms are known to contain various secondary metabolites such as various phenolic

compounds, polyketides, steroids and terpenes that act as remarkable antioxidants

(Woldegiorgis et al., 2014). The mushrooms extracts and their phenolic acids evaluated have

shown a strong antimicrobial and demelanizing properties; and even higher than frequently

used antibiotics and antifungals in several cases (Heleno et al., 2015). Mushrooms are also

known to have a content of low molecular weight bioactive components. These bioactive

compounds have to be released immediately after ingestion and transformed in the

gastrointestinal tract to become accessible and absorbed in the intestine (Carbonell-Capella et

al., 2014). It is reported that the antioxidant property of plant materials was in accordance

with the content of their phenolic compounds (Velioglu et al., 1998; Sun et al., 2011).

Consequently it is essential to consider the significance of total phenolic content on the

antioxidant activity (Sun et al., 2011). Woldegiorgis et al. (2014) have reported the high

phenolic content of Agaricus campestris (14.7 mg GAE/g), Termitomyces letestui and T.

clypeatus (10.7 and 10.5 mg GAE/g) respectively. Other reports on the antioxidant activity of

mushrooms includes total phenolic contents ranging from 2.72 – 8.95 mg GAE/g (Barros et

al., 2008), 8.66 – 31.64 mg GAE/g (Sarikurkcu et al., 2008), 0.83-42.21 mg GAE/g extract

(Wong and Chye, 2009), 2.09 to 10.51 mg GAE/g extract (Gursoy et al., 2010), 4.58 – 58.14

mg GAE/g extract (Pereira et al., 2012).

Recent studies have reported that mushrooms as the primary source of ergothioneine (ERG),

a naturally occurring thiol containing amino acid that have antioxidant properties (Dubost et

al., 2006; Weigand-Heller et al., 2012). The water soluble ergothioneine (ERG) exerts its

antioxidant potential by several mechanisms including its dominant capability to scavenge
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free radicals (Colognato et al., 2006; Weigand-Heller et al., 2012). Dubost et al. (2006) and

Grigat et al. (2007) have reported certain mushrooms as a distinguished source of ERG

ranging from 0.4-2.0 mg/g and 0.1-1 mg/g dry weight, respectively. Various studies on

reported that the ERG concentration of 0.21-2.6 mg/g (Dubost et al., 2007), 0.05 – 2.85 mg/g

(Chen et al., 2012) in dry weight basis. Several inedible mushrooms, including Ganoderma

lucidum, have a history of use for the treatment different ailments including cancer (Kosanic

et al., 2016). Kosanic et al. (2016) have reported that edible mushrooms such as Macrolepiota

procera and Lactarius deliciocus exhibit anticancer activity on A549, LS174 and HeLa cell

lines.

2.7. Mushroom and its enzymes

Industrial enzymes produced from mushrooms have an extensive uses in diverse fields such

as proteases with plenty of applications in chemical industry, detergents, leather processing

and also in waste treatment (Ma et al., 2007), amylases with important applications in several

biotechnological industries (Rao et al., 1998), cellulases have been extensively employed in

bioconversion to produce second generation bio-fuels (Philippidis, 1994). Among various

dyes, azo and triphenylmethane group of dyes are considered as xenobiotic compounds and

have been employed by numerous dye industries due to their relative simple synthesis and

their availability in different kinds of substituent (Stolz 2001). These dyes are not only

leading to pollution problems but also toxic in nature (Kanagaraj and Panda, 2011). Roughly

10% of these dyes from such industrial effluents are released into the environment and are

mainly either mutagenic or carcinogenic to living organisms (Chen et al., 2014).

Likewise, xylanase is another type of enzymes produced by mushrooms that are widely used

in food, paper, pulp and textile industries (Polizeli et al., 2005). It has the capability to

degrade plant fibres that are made of xylan hemicelluloses producing xylose monomers. It is
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also employed in the pre-treatment of pulps for bleaching in pulp and paper industries

(Subramaniyan and Prema, 2002). Moreover, it is also used to improve intestinal absorption

of nutrients in the animal feed industries. On the other hand, many organisms used cellulose

as a food source including fungi and bacteria (Li et al., 2009). These organisms that utilize

cellulose as a food source have the capability to help the breakdown of cellulose and

successive biological conversion to functional energy source glucose (Béguin and Aubert,

1994).

Laccases are of great importance for biotechnological applications due to their broad range of

substrate specificity and are therefore capable to oxidize various kinds of xenobiotic

compounds such as chlorinated phenolics (Bollag et al., 2003), pesticides (Baldrian 2006),

polycyclic aromatic hydrocarbons (Pozdnyakova et al., 2004), artificial dyes, detoxify

agricultural by-products such as coffee pulp  or olive mill wastes (Baldrian 2006) and the

capability to bleach Kraft pulp (Sigoillot et al., 2004).

They use molecular oxygen that is usually obtainable in the reaction system as the final

electron acceptor which is formed by the fungus (Baldrian 2006). They are commonly formed

by a particular fungus at some stage of their growth. They can either be extracted from the

fungal-colonized lignocellulosic substrates, soil, debris in the forest, or from the spent

substrate of edible mushroom cultivation (Law et al., 2003). An additional advantage is that

they have the capability to enhance the production of laccase by adding inducers to the fungal

cultures and also a moderately simple purification (Baldrian 2006).
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3.1. Introduction

Mushrooms are a group of fungi that has fruiting bodies and are of great importance

in the production of extracellular enzymes, agricultural and biotechnological aspects

(Lallawmsanga et al., 2016). They are mostly known as food supplements due to

their high nutritional contents (Kristensen et al., 2012; Sliva et al., 2012;

Lallawmsanga et al., 2016). Apart from the above mentioned applications of

mushroom, it also has a medicinal importance with its antioxidant and antimicrobial

activities (Acharya et al., 2004; Cai et al., 2015), immune enhancer (Borchers et al.,

2008; Kanaya et al., 2011; Chowdhury et al., 2015), and are effective for the

treatment of diabetes (Yuan et al., 1998; Nowacka et al., 2015) and various types of

cancer (Chang et al., 2003; Smolskaite et al., 2015).

Mushroom has been utilized by the rural tribal population to support for their living;

however the poisonous mushrooms have been causing accidental death mainly due to

false identification which led them consume the poisonous mushrooms (Tibuhwa et

al., 2013). Therefore, it is necessary to explore and conduct systematic

characterization of wild mushrooms particularly from the tribal regions in the

northeast India (Lallawmsanga et al., 2018). The amplification of the Internal

Transcribed Spacers region of ribosomal DNA (ITS rDNA) has been proven to be

the most reliable tool for the identification and phylogenetic studies of mushrooms

(Paterson et al., 1991; Lee et al., 2006; Dentinger et al., 2011; Rajaratnam and

Thiagarajan, 2012; Das et al., 2015). We employed two DNA based markers like

randomly amplified polymorphic DNA (RAPD) and inter-simple sequence repeats

(ISSR) to study the genetic diversity among the wild mushrooms, these molecular
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markers are extensively used to assess genetic diversity (Tang et al., 2010; Yin et al.,

2014).

Northeast India is a neighboring region to Myanmar, Bhutan, China, Bangladesh and

Nepal. The region falls under Indo-Burma Mega biodiversity Hot Spot and is known

for its rich biodiversity and unexplored bioresources (Myers et al., 2000). Besides,

there are only an extremely small number of studies conducted on the nutritional

characteristics and industrial applications of the wild edible mushrooms from this

region (Barua et al., 1998; Agrahar-Murugka and Subbulakshmi, 2005; Khaund and

Joshi, 2014; Lallawmsanga et al., 2016). In addition to this, there are no proper

documentation and publication regarding the diversity of mushrooms from this

region especially from the reserved forests of Mizoram, Northeast, India. Moreover,

human activities including deforestation, shifting cultivation and urbanization have

been causing reduction of biodiversity in the state (Bisht, 2011; Lallawmsanga et al.,

2016).

Then again, the local population in this region have been making a living by

gathering of wild mushrooms and selling them in the various local markets

(Lallawmsanga et al., 2016). For that reason, this work includes assessment of wild

mushrooms from the two reserved forests of Mizoram, Northeast India;

morphological and molecular characterization was done by the amplification of the

Internal Transcribed Spacer (ITS) region of ribosomal RNA (rRNA). Mushroom

cultures were raised from the fresh fruiting body and then screened for their

antimicrobial potential. Additionally, molecular characterization of the identified

mushrooms was done using RAPD and ISSR molecular markers. The fruiting bodies

of the collected mushroom specimens were deposited in the Directorate of
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Mushroom Research, Solan, India. We hypothesized that the present study in general

will be beneficial for the local mushroom gatherers to identify edible and poisonous

mushrooms in a proper manner; also to help them enrich their knowledge about the

mushrooms growing in the wild and their importance.

3.2. Materials and methods

3.2.1. Sampling areas

The two reserved forests selected for this study are as follows:

1) Dampa Tiger Reserve (DTR) (23° 23'N - 23° 42’N; 92° 16'E - 92° 25'E), is one

of the largest wildlife sanctuaries located in Mizoram, India. It covers an area of

≈ 500 km2 (Figure 1) and the altitude of the forest ranged from 800 to 1100 m

above sea level, with an annual rainfall within the sampling period ranged from

2000 mm to 2500. Maximum rainfall was observed during June to August every

year. The winter season (October – January) is a cool dry season with few rainy

days whereas summer season (March to May) is mainly hot and dry, with

infrequent thundershowers and pre-monsoon rains during April and May. It has

fine loamy soil, which is comparable to the soil type that covers over 48% of the

total geographical area of the state. The soil pH is ≈5.34 and is rich in Nitrogen

(N), Phosphorus (P) and Potassium (K). Temperature ranges from 12 0C to 25 0C

during winter and between 220C to 35 0C during summer. DTR is recognized as

sub-tropical semi-evergreen type of forest.

2) Murlen Nation Park (MNP) (23˚ 32' - 23˚ 41'N; 92˚13'- 92˚27'E) is situated close

to China Hills and covers an area of ≈ 100 km2 (Fig 1). Altitude ranges from

1,000–1,600 m and the average annual rainfall is about 2500 mm. MNP is
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divided into sub-tropical semi-evergreen and sub-montane forest. Winter is

usually from October to mid-February and summer is from February/March to

May. The pH of the soil is ≈5.92 and the soil type is chiefly clayey fine soils that

are usually deep and well-drained. The temperature during winter ranges from 4

0C to 20 0C and 22 0C to 32 0C during summer.
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Figure 1. Map revealed the locations of the Sub-tropical Semi-evergreen forest

ecosystems sampling sites of Dampa Tiger Reserve and Murlen National Park,

Mizoram, India
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3.2.2. Collection of wild mushrooms

The abovementioned forests were assessed for three following years (2013-15)

during rainy and winter seasons (June to December). Consent to gather wild

mushrooms from the protected forests were obtained from the Chief Wildlife

Warden, Environment and Forest Department, Government of Mizoram, India issued

by Mr. Liankima Lailung, Conservator of Forest (WL), Mizoram, India. The wild

mushrooms were identified in situ if possible or else the specimens were kept for

later identification. The samples were kept in sterile paper bags and taken into the

laboratory. Morphological parameters (pileus, lamellae, stipe, spore print and color)

were studied from fresh samples as per Largent and Stuntz (1986). Digital pictures

were taken at their natural habitat as well as in the laboratory conditions and

characterized morphologically up to genus level.

3.2.3. Tissue culture of wild mushrooms

The collected fruiting bodies were used to raise mycelial culture according to the

modified method of Bolla et al. (2011). In brief, the collected fruiting bodies were

cleaned carefully using fabric paint brush. A tiny piece of tissue from the fruiting

body was immersed in 0.05 % sodium hypochloride (NaOCl) solution and washed

thrice with sterile distilled water. The samples were dried on sterilized tissue paper

and moved aseptically on the potato dextrose agar (Hi-Media, Cat No: MH096)

media and incubated at 28 0C for 5-7 days.
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3.2.4. Test organisms for antimicrobial activities

Antimicrobial activities were evaluated with three bacterial pathogens

(Staphylococcus aureus: MTCC-96; Escherichia coli: MTCC-739; Pseudomonas

aeruginosa: MTCC-2453), three fungal pathogens (Fusarium oxysporum: MTCC-

2946; Fusarium proliferatum: MTCC-286; Fusarium oxy f. sp. ciceri: MTCC-2791)

and a yeast pathogen (Candida albicans: MTCC-3017). All the tested pathogens

were acquired from the Microbial Type Culture Collection (MTCC), Chandigarh,

India and were maintained at Molecular Microbiology and Systematics Laboratory,

Department of Biotechnology, Mizoram University on a specific media as per

instructions.

3.2.5. Evaluation for antifungal potential

All the isolates were evaluated for their in vitro antagonistic potential using dual

culture method (Miles et al., 2012; Kusari et al., 2013). Briefly, one 5 mm agar block

of fully grown fungal pathogen was placed at the centre of the petridish which

contain PDA, and mushroom isolates were kept at the periphery of the plates. Petri

dishes were incubated at 28 0C for 7 days and diameter of the fungus growth was

measured and compared with control. All the experiments were carried out in

triplicate and the percentage of inhibition was calculated using the formula: C-

T/C×100; Where, C is the fungal pathogen control and T is the distance of the tested

pathogen with the sample.
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3.2.6. Evaluation for antibacterial potential

Antibacterial activity was evaluated by modified agar well diffusion method

(Oyetayo et al., 2009). Briefly, an aliquot of the tested bacterial pathogens (50 µl)

were spread on the surface of the modified LB agar plates using sterile L spreader

and 6 mm diameter wells was prepared by using sterile cork borer. The wells were

then filled with 100 µl (1×10-4 CFU/ml) of cell free extract of mushroom isolate and

the plates were incubated at 37 0C for 24 h. All experiments were carried out in

triplicates and the zone of inhibition was measured in mm.

3.2.7. Molecular characterization of mushrooms

DNA extraction and ITS-rRNA gene amplification

Total genomic DNA was extracted from the freshly grown mycelial mat using a

method given by Cenis (1992) with minor modifications. The internal transcribed

spacer (ITS) region of the rDNA was amplified using universal primers ITS1 (5’-

TCCGTAGGTGAACCTGCGG-3’) and ITS4 (5’-TCCTCCGCTTATTGATATGC-

3’) (White et al., 1990). PCR reaction mixture was carried out in a total volume of 25

L containing, 1X PCR assay buffer with 1.5 mM MgCl2, 2.5mm dNTPs, 10 pmols

of each primer, 50 ng of template DNA and 1 unit of Taq DNA polymerase. The

PCR was carried out in the Applied Biosystems thermal cycler with an initial

denaturation at 95 0C for 5 min, followed by 30 cycles of denaturation at 95 0C for 1

min, annealing at 57 0C for 1 min, extension at 72 0C for 2 min and a final extension

at 72 0C for 7 min. The amplified PCR product was separated on 1.5 % agarose gel

and visualized under Bio-Rad Gel Documentation System XR+ (Hercules, CA,
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USA). The products were purified by using the Pure-link PCR Purification Kit (In-

vitrogen) and sequenced commercially at Sci-Genom Labs Pvt. Ltd, Cochin, India.

RAPD and ISSR analysis

For RAPD profiling, eleven random decamer primers (Imperial Life Sciences (P)

Ltd) (Table 1) were used to produce fingerprinting profiles. The reactions were

assembled in a Veriti Thermal Cycler (Applied Biosystems, Singapore) in a total

volume of 50 μl containing 5.0 μl of 10X reaction buffer, 1.0 mM MgCl2, 0.5

mMdNTPs, 5 pmols of each primer, 1 unit of Taq DNA polymerase and 50 ng

template DNA. Negative control reaction without DNA was included in each set.

The PCR amplification was carried out with the following conditions: initial

denaturation at 95 0C for 5 min, followed by 35 cycles of denaturation at 94 0C for

35s, annealing at 32 0C for 45 s, extension at 72 0C for 2 min and a final extension of

10 min at 72 0C. The amplified PCR product was separated on 1.5 % agarose gel

using TAE buffer and examined under gel documentation system as described

earlier. Ten ISSR primers were selected (Table 1) and amplification was done as per

Du et al. (2013).

The PCR reaction mixture was performed in 25 µl total volume, containing 50 ng of

genomic DNA, 2.5 µl of 10X Taq Buffer with 15mM MgCl2, 2.0 µl of 2.5 mM

dNTPs, 0.5 µl of 10 pmol ISSR primer,1 µl of DMSO (100%), 0.5 µl of BSA (10

mg/ml) and 2U Taq DNA Polymerase. The amplification conditions were as follows:

initial denaturation at 94 0C for 4 min followed by 35 cycles at 94 0C for 50 s, at 45

0C for 50 s, and at 72 0C for 2 min with a final extension step at 72 0C for 7 min. The

amplified fragments were separated on 1.2 % agarose gel using 1X TAE buffer and
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the banding patterns were examined under gel documentation system as mentioned

above.

Phylogenetic analysis

The obtained ITS sequences were compared with type strains retrieved from

GenBank/NCBI database using BlastN search program and were aligned using

Clustal W (Thompson et al., 1997). Evolutionary models were selected according to

BIC scores (Bayesian Information Criterion) and AICc values (Akaike Information

Criterion, corrected) (Saitou and Nei, 1987) using Mega 5.05 version (Thompson et

al., 1997). The phylogenetic tree was constructed by neighbor-joining method using

the model Kimura 3-parameter K2 + I (I = 0.67, R = 1.67) (Tamura et al., 2011)

taking Solanum kurzii (KC535794) as an out group. The robustness of the

phylogenetic tree was tested by bootstrap analysis using 1,000 replicates using p-

distance model (Felsenstein, 1985). Trees were viewed and edited by using program

FigTree 1.3.1.

Amplified fragments of RAPD and ISSR were scored as present (1), or absent (0),

the fragments produced were numbered sequentially and entered into a binomial

matrix (Sneath and Sokal, 1973). Only fragments bigger than 100 bases were

considered for analysis. The binary matrix was used to calculate the Simple

Matching (SM) coefficient, and a cluster analysis was performed using Unweighted

Pair Group with Arithmetic Mean (UPGMA) algorithm supported by Numerical

Taxonomy SYStem (NTSYS version 2.2).
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Table 1. RAPD and ISSR primers and corresponding annealing temperatures used

Marker Primer
Code

Primer Sequences
(5’-3’)

Annealing
temperature (0C)

RAPD R1 Ggacttacag 32.0
R2 Ctgactcatg 34.0
R3 Cttcattgcc 36.0
R4 Tgccgagctg 30.0
R5 Aatcgggctg 32.0
R6 Gaaacgggtg 32.0
R7 Gtgacgtagg 34.0
R8 Agccagcgaa 36.0
R9 Caaacgtcgg 36.0
R10 Gtcgccgtca 34.0
R11 Ccgcatctac 34.0

ISSR P1 tg(ca)6c 50.0
P2 gt(ca)6c 50.0
P3 gtgacga(ct)6 52.0
P10 (ga)8c 54.0
P11 (ag)8c 52.0
P12 (ga)8c 52.0
P13 (ca)8g 54.0
P14 (tc)8c 54.0
P15 (ac)8c 54.0
P16 (ag)8g 50.0
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3.2.8. Determination of nutritional values of selected wild edible

mushrooms

Totally six edible mushrooms were selected for nutritional analysis based on the

availability of wild fruiting bodies collected during sampling. All the six selected

mushrooms were edible and are been sold in local markets of Mizoram.

Ash content

Samples (1 g each) were dried for overnight in the oven maintained at 105 0C and

weighed, then placed at 575 0C for 5 h. Then, the samples were weighed for final

mass and difference between the mass at 105 0C and 575 0C was taken as ash content

(NREL, 1994).

Carbohydrate content

Carbohydrate content was estimated by phenol sulphuric acid method with glucose

as standard (Dubois et al., 1956).

Protein content

Protein content was estimated by Bradford method using BSA as standard (Bradford,

1976).

Fat content

The fat was extracted by Chloroform-methanol extraction and estimation method

(Folch et al., 1957).
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3.2.9. Determination of antioxidant potential of selected wild edible

mushrooms

Extract preparation

The lyophilized powder (1.5 g) was extracted by stirring with 40 mL of methanol (25

0C at 150 rpm) for 2 h and subsequently filtered through Whatman No. 4 paper. The

residue was then extracted with 20 mL of methanol (25 0C at 150 rpm) for 2 h. The

combined methanolic extracts were evaporated at 40 0C (rotary evaporator BUCHI

R-210, Switzerland) to dryness and stored at 4 0C until analysis (Reis et al., 2011).

Determination of total phenolic content (TPC)

Total phenolic content was measured according to the method given by Singleton et

al. (1999). Briefly, 0.5 mL of sample was added to 4.5 mL of distilled water and was

mixed with 0.2 mL saturated solution of Na2CO3; finally 4.3 mL of distilled water

was added to the solution. The reaction mixture was incubated for 60 min in the dark

at room temperature and then the absorbance was measured at 725 nm using a

microplate spectrophotometer UV-vis (MultiscanTM GO, Thermo Scientific, MA,

USA). Total phenolic content was expressed as mg of Gallic acid equivalents (GAE)

per gram of dry sample (mg GAE/g). The measurements were done in triplicate.

Determination of total flavonoids content (TFC)

The flavonoids content was determined by the calorimetric method of aluminium

chloride according to methodology previously described by Chang et al. (2002). In

this, 0.5 mL was mixed with 1.5 mL of 95% ethanol, 0.1 mL of 10% aluminium

chloride, 0.1 mL of 1M potassium acetate and 2.8 mL of distilled water. Finally,

absorbance was measure at 415 nm using a microplate spectrophotometer UV-vis
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(MultiscanTM GO, Thermo Scientific, MA, USA) after incubation for 30 min in

darkness at room temperature. The flavonoid content was calculated in mg Quercetin

equivalents per g of dried sample (mg QE/g).

Scavenging Activity of ABTS Radical

ABTS radical scavenging activity was determined according to Re et al. (1999) with

some modifications. 2, 2-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid)

(ABTS) was dissolved in water to a 7 mM concentration. ABTS radical cation

(ABTSO+) was produced by reacting ABTS stock solution with 2.45 mM potassium

persulfate (final concentration) and allowing the mixture to stand in the dark at room

temperature for 12-16 h before use. The ABTSO+ solution was diluted with water to

an absorbance of 0.70 (±0.02) at 734 nm. The reaction mixture consisted of 0.07 mL

of extract and 3 mL of the ABTS radical. After incubation for 6 min, absorbance was

determined in spectrophotometer at 734 nm. The antioxidant activity was calculated

by using the following equation:

% inhibition = A − AA × 100
Acontrol= Absorbance of negative control at the moment of solution preparation

Asample=Absorbance of sample after 45 min

The IC50 values were calculated as the concentration of the sample (mg) required to

scavenge 50% of the ABTS free radical. The IC50 is often used to express the amount

of concentration of extracts need to scavenge 50% of the free radicals.
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3.2.10. Fourier Transform-Infrared Spectroscopy (FT-IR)

analysis of selected wild edible mushrooms

The selected wild mushroom samples were dried and mixed with FT-IR grade

potassium bromide (1:20; 0.02 of sample with KBr at a final weight of 0.4 g). The

samples were grounded in agate pestle and mortar for obtaining pellets by hydraulic

press. The absorbance Fourier transform infrared (FT-IR) spectra of the samples

were recorded using JASCO FT-IR 6800 within the scanning range of 400-4000 cm-1

and 64 scans per second were recorded (Olukanni et al., 2006).

3.2.11. Data analysis

The data were calculated  in mean ± SD of the values found in triplicates from

antimicrobial screening and analysed by one way of analysis of variance (ANOVA)

to compare statistical significant differences (P<0.05) between antimicrobial

activities of all isolates using Duncan’s multiple range test of SPSS software version

6.0. All the experiments were done in triplicates and the mean was taken. Relative

abundance of mushroom isolates was compared between the selected natural forests

by using Sigma Plot 12.0 version. Venn diagram was prepared online by using

Bioinformatics and evolutionary genomics site (http://bioinformatics.psb.ugent.be/

webtools/Venn/).
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3.3. Results

3.3.1. Assessing mushroom diversity

In this study, we have documented 231 wild mushrooms that are grouped into 64

genera belonging to 36 families, 14 orders and 06 classes (Figure 2a, 2b, 2c, 2d). All

the mushroom isolates were further classified into two Phylum Basidiomycota

(n=221, 95.67%) and Ascomycota (n=10, 4.32%) based on their morphological

characteristics. Anatomical features were also recorded of the collected fruiting

bodies (Figure 3). Some of the economically important genus obtained includes

Agaricus, Boletus, Calocybe, Cantharellus, Lactarius, Lentinus, Pholiota, Pleurotus,

Russula, Schizophyllum, Termitomyces and Trametes (Figure 4). Relative abundance

of the wild mushrooms was evaluated from mushrooms of the two forests at the

genus level (Figure 5) and the result showed that Boletus was the most abundant

genus at DTR and MNP with 20.16 and 12.1% respectively. Genus Russula

(10.48%) and Amanita (6.45%) were the most dominant genus in DTR as compared

to MNP with 9.34% and 3.73% respectively. At the same time, genus Mycena and

Trametes were dominant in MNP with 2.8% and 5.6% respectively. However, 19

genera were found in common among both the studied locations (Figure 6).

Moreover, some rare genus like Favolaschia and Cookeina were found only in DTR.

These results indicated that diversity of wild macrofungi varies between these two

places due to different climatic conditions. MNP is known for its dense forest where

only 1% sunlight can directly penetrate the forest on a sunny day. It has clayey fine

soil which is usually with severe erosion. On the other hand, DTR being on a lower

elevation with fine loamy soil, which is richer in humus than the soil type found in

MNP. It also has an ideal climatic condition like higher humidity and warmer
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temperature to support mycelial growth of fungi. All these factors could be the cause

that led the higher diversity of wild mushrooms in DTR than in MNP.
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Figure 2. Composition of wild mushrooms from Dampa Tiger Reserve and

Murlen National Park at (a) Class level (b) Order level
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Figure 2. Composition of wild mushrooms from Dampa Tiger Reserve and

Murlen National Park at (c) Family level (d) Genus level
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Figure 2. Composition of wild mushrooms from Dampa Tiger Reserve and

Murlen National Park at (c) Family level (d) Genus level
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Figure 2. Composition of wild mushrooms from Dampa Tiger Reserve and

Murlen National Park at (c) Family level (d) Genus level
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Figure 3. Anatomical features of Lentinus sp.: A. Basidiospores, B. Basidia,

C. Generative hyphae, D. Sketetal hyphae,E.  Binding hyphae,  F.  Hyphal pegs
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Figure 5. Relative abundance of wild mushrooms at the genus level

in Dampa TR and Murlen NP
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Figure 6. Venn diagram showing the number of genera shared

among the two forests (B), present in Murlen National Park (A) and

Dampa Tiger Reserve (C)
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3.3.2. Antimicrobial activity

In total, 76 isolates out of 231 mushrooms collected were grown on artificial media

and evaluated their antimicrobial properties. The in vitro antagonistic activities of the

isolates were tested against the selected fungal plant pathogens and the result

confirmed diverse antagonistic effects. Of all the isolates, there were 45 isolates

showing positive growth inhibitory activity against no less than three fungal plant

pathogens. The growth inhibitory percentage ranged from 25% to 85% (Table 2). All

the isolates evaluated exhibit positive antifungal activity against Fusarium oxy f. sp.

ciceri and F. oxysporum. On the other hand, only 15 isolates BPSM (01, 05, 14, 22,

29, 30, 31, 33, 37, 38, 43, 45, 46, 47 and 48) showed positive activity against C.

albicans. The isolates including BPSM (31, 33, 37, 38 and 45) exhibited positive

antifungal activity against all the pathogens tested in this study. The highest

antifungal activity was observed with the isolate BPSM 41 against F. oxy f. sp. ciceri

with 80%; followed by BPSM30 with 78% against F. proliferatum and BPSM33

against F. oxysporum with 85.71%.

Furthermore, we studied the antibacterial potential of the isolates with the selected

bacterial pathogens including E. coli, P. aeruginosa and S. aureus. In total 37

isolates out of 76 isolates exhibited positive results against minimum two pathogens

and the isolates except BPSM17 and BPSM32 exhibited positive inhibitory activity

against P. aeruginosa. Only eight isolates (BPSM 03, 13, 31, 33, 37, 38, 45 and 55)

showed positive activity against E. coli. The overall result showed that the isolate

BPSM01 showed the maximum inhibitory activity against the selected bacterial

pathogens with 9.63 mm; followed by BPSM48 (9.6 mm) and BPSM47 (9.56 mm)
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against P. aeruginosa. Among the isolates evaluated BPSM01 and BPSM47

exhibited the highest antibacterial activity against S. aureus with 9.6 and 9.46 mm

respectively. Furthermore, the isolate BPSM03 showed antibacterial activity against E. coli

and S. aureus with 5.36 and 4.36 mm respectively (Table 2).
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Table 2. Antimicrobial activity of wild mushrooms against selected bacterial and fungal pathogens

Sl. No. Antifungal activity (percentage of inhibition ± SD) Antibacterial activity (zone of inhibition in mm ± SD)
Gram positive Gram negative

F. proliferatum F. oxy f. sp. ciceri. F. oxysporum C. albicans P. aeruginosa E. coli S. aureus
BPSM01 30.23±0.14a 30.6±0.14a 29.05±0.21a 6.3±0.2a 9.63±0.15a - 9.6±0.1a

BPSM02 - 42.85±0.14b 35.56±0.07b - 5.5±0.26bc - 6.36±0.11bc

BPSM03 44.18±0.14b 55.1±0.14d 48.89±0.07c - 6.16±0.15bde 5.36±0.25a 4.36±0.2bde

BPSM04 32.55±0.07a 36.73±0.07b 26.67±0.07a - 5.46±0.2bc - -
BPSM05 51.16±0.07c 46.93±0.14c 40.00±0.07b 6.26±0.11a 9.3±0.2a - 9.26±0.2a

BPSM06 41.86±0.07b 40.81±0.07b 42.23±0.21b - 6.26±0.26bde - 6.26±0.15bc

BPSM07 53.48±0.07c 55.1±0.14d 44.45±0.07b - 5.46±0.2bc - 6.2±0.2bc

BPSM08 41.86±0.07b 42.85±0.14b 46.67±0.21c - 5.93±0.15bc - 6.63±0.2bc

BPSM09 - 48.33±0.21c 45.71±0.21c - 4.36±0.23bdfg - 4.66±0.2bde

BPSM10 30.93±0.21a 28.57±0.07a 26.23±0.07a - 9.33±0.2a - 8.26±0.15bdfg

BPSM11 30.23±0.07a 36.73±0.07b 42.23±0.07b - 4.3±0.26bdfg - 6.33±0.15bcfhi

BPSM13 28.05±0.14a 28.36±0.28a 25.56±0.14a - 6.3±0.2bde 5.23±0.12a 5.63±0.15bdfhjk

BPSM14 39.53±0.07b 30.2±0.28a - 7.9±0.05bc 5.26±0.15bc - 4.43±0.2bde

BPSM16 48.83±0.14c 53.06±0.07c 55.56±0.14d - 6.26±0.05bde - 4.36±0.2bde

BPSM17 33.95±0.07a 32.24±0.07a 34.45±0.07a - - - 5.63±0.11bdfhjk

BPSM18 - 32.24±0.07a 25.56±0.14a - 5.36±0.2bc - 5.7±0.26bdfhjk

BPSM19 34.88±0.14a 30.61±0.14a 33.34±0.14a - 6.26±0.2bde - 4.16±0.2bde

BPSM20 - 48.97±0.21c 44.45±0.07b - 6.96±0.15bdfhi - 4.26±0.15bde

BPSM21 - 30.4±0.07a 34.45±0.21a - 5.23±0.15bc - 5.66±0.11bdfhjk

BPSM22 29.3±0.07a 28.57±0.21a 26.67±0.07a 7.86±0.11bc 5.23±0.2bc - 6.33±0.2bc

BPSM23 - 34.28±0.14a 28.89±0.07a - 5.6±0.26bc - 5.33±0.11bdfjk

BPSM24 28.6±0.07a 26.48±0.07a 26.67±0.07a - 6.06±0.15bde - -
BPSM25 33.25±0.07a 51.02±0.14c 30.00±0.14a - 6.13±0.2bde - -
BPSM26 33.95±0.07a 30.61±0.07a 35.56±0.21b - 6.1±0.2bde - -
BPSM27 32.85±0.28a 33.8±0.14a 37.49±0.07b - 8.16±0.2bdfhj - 4.76±0.11bde

BPSM29 56.67±0.21d 52.38±0.21c 42.85±0.14b 4.66±0.15bde 5.43±0.15bc - -
BPSM30 78.33±0.21f 74.6±0.14e 71.42±0.28e 7.96±0.05bc 9.16±0.15a - 8.46±0.11bdfg

BPSM31 61.67±0.21d 61.9±0.07d 53.56±0.28c 7.86±0.05bc 5.63±0.15bc 5.16±0.11a 6.23±0.11bc

BPSM32 45.03±0.28c 41.44±0.07b 44.77±0.21b - - - 5.5±0.2bdfhjk

BPSM33 75.00±0.35f 73.01±0.07e 85.71±0.14g 7.83±0.05bc 9.16±0.2a 4.33±0.15b 8.6±0.26bdfg
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BPSM34 68.33±0.07e 76.18±0.21f 69.63±0.07e - 9.16±0.2a - 7.5±0.1bdfhjl

BPSM35 55.00±0.07d 53.97±0.07c 49.99±0.14c - 8.26±0.15bdfhj 4.43±0.20b 7.06±0.15bdfhjl

BPSM36 63.33±0.14d 55.55±0.56d 66.06±0.07e - 9.43±0.2a - 7.73±0.2bdfhjl

BPSM37 55.00±0.07d 76.18±0.35f 51.78±0.07c 4.23±0.05bde 8.2±0.26bdfhj 4.23±0.11b 7.3±0.17bdfhjl

BPSM38 61.66±0.07d 44.44±0.07b 42.85±0.28b 7.96±0.05bc 6.63±0.2bde 5.13±0.15a 5.73±0.15bdfhjk

BPSM39 44.85±0.14b 45.04±0.14c 42.06±0.07b - 5.63±0.2bc - -
BPSM40 - 39.28±0.14a 37.49±0.07b - 7.06±0.15bdfhi - 4.5±0.26bde

BPSM41 76.66±0.14f 80.95±0.14f 62.49±0.21d - 9.43±0.05a - 7.6±0.1bdfhjl

BPSM42 26.67±0.07a 28.23±0.07a 25.44±0.14a - 6.23±0.15bde - -
BPSM43 56.66±0.14d 55.55±0.14d 66.06±0.07e 4.53±0.05bde 5.33±0.2bc - -
BPSM44 - 34.56±0.07a 37.28±0.14b - 5.73±0.15bc - 5.66±0.15bdfhjk

BPSM45 56.66±0.28d 55.56±0.14d 55.3±0.35d 4.36±0.05bde 7.26±0.2bdfhi 4.93±0.15a 7.56±0.2bdfhjl

BPSM46 56.67±0.07d 58.72±0.28d 49.99±0.14c 6.36±0.15a 9.46±0.2a - 9.33±0.11a

BPSM47 55.00±0.21d 49.2±0.14c 51.78±0.21c 6.36±0.11a 9.56±0.25a - 9.46±0.2a

BPSM48 48.33±0.07c 47.61±0.21c 49.99±0.14c 6.36±0.05a 9.6±0.26a - 9.26±0.15a

Percentage of inhibition: a - 25-34%; b – 35-44%; c – 45-54%; d – 55-64%; e – 65-74%; f – 75-84; g – 85-94%.Mean (±SD) followed by the same

letter(s) in each column are not significantly different at P <0.5 using Duncan’s new multiple range test.
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3.3.3. ITS rRNA gene amplification and phylogenetic analysis

Of all the isolates evaluated for their antimicrobial properties against bacterial and

fungal pathogens, forty-five isolates which showed significant activities were

subjected for the amplification of ITS rRNA gene. The sequences acquired were

analyzed with the BLAST analysis tool. All of the isolates revealed 97-100%

similarity with the available sequence in NCBI database (Table 3). All the ITS

rRNA gene sequences were deposited in NCBI-GenBank with accession numbers

(KJ865831- KJ865841, KJ865843, KM985651, KM985653- KM985664, and

KM985666- KM985685). Majority of the selected isolates belongs to Auricularia

(n=3, 6.66%), Bjerkandera (n=2, 4.44%), Lentinus (n=2, 4.44%), Marasmiellus

(n=3, 6.66%), Microporus (n=3, 6.66%), Pleurotus (n=4, 8.88%), Polyporus (n=3,

6.66%), Trametes (n=8, 17.77%), Schizophyllum (n=5, 11.11%) and Xylaria (n=6,

13.33%). The phylogenetic tree was constructed using neighbor-joining method with

Kimura 2-parameter model in accordance with lowest BIC and highest AICc values

using Mega 5.05; and the Transition/Transversion values were also assessed using

Mega 5.05 (R=1.75).

The isolates were classified into 16 genera and 11 families using ITS rRNA gene

analysis (Table 4). The constructed phylogenetic tree revealed that the isolates were

divided into two separate clades with bootstrap supported value of 65% and 75%

respectively. The largest cluster was Clade I which consists of 40 isolates and sub-

divided into two clusters such as clade IA and clade IB. Most of the organisms from

genera Auricularia and Xylaria falls within Clade IB with bootstrap support of 88%.

All the five isolated that are identified as Schizophyllum commune falls within Clade

II such as BPSM (01, 05, 46, 47, 48) with a bootstrap value of 75% (Figure 7).
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Figure 7. Neighbor-joining phylogenetic treeusing Kimura 2-parameter model based

on ITS gene sequence of wild edible mushrooms. Numbers at branches indicate

bootstrap values of neighbor-joining analysis (>50%) from 1,000 replicates
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Table 3. Identification of antagonistic wild mushrooms based on ITS rRNA gene sequences

Isolate No. Accession number Closest species with accession number Similarity Identification
BPSM01 KJ865831 Schizophyllum sp. (KR155096) 99% Schizophyllum commune
BPSM02 KJ865832 Trametes hirsuta (KP216914) 99% Trametes hirsuta
BPSM03 KJ865833 Marasmiellus palmivorus (JQ653438) 99% Marasmiellus palmivorus
BPSM04 KJ865834 Trametes sp. (KP686448) 99% Trametes elegans
BPSM05 KJ865835 Schizophyllum commune (AB470852) 99% Schizophyllum commune
BPSM06 KJ865836 Trametes hirsuta (JN048768) 99% Trametes hirsuta
BPSM07 KJ865837 Trametes hirsuta (KC461301) 99% Trametes hirsuta
BPSM08 KJ865838 Trametes hirsuta (KP216887) 99% Trametes hirsuta
BPSM09 KJ865839 Pholiota limonella (KM496470) 98% Pholiota adiposa
BPSM10 KJ865840 Pleurotus sp. (KJ670292) 99% Pleurotus pulmonarius
BPSM11 KJ865841 Fomitopsis sp. (KC595913) 99% Fomitopsis sp.
BPSM13 KJ865843 Marasmiellus palmivorus (JQ653437) 99% Marasmiellus palmivorus
BPSM14 KM985651 Auricularia polytricha (FJ617294) 100% Auricularia polytricha
BPSM16 KM985653 Bjerkandera sp. (KM099498) 100% Bjerkandera adusta
BPSM17 KM985654 Hymenopellis chiangmaiae (GU980131) 100% Hymenopellis chiangmaiae
BPSM18 KM985655 Xylaria sp. (JQ862668) 100% Xylaria sp.
BPSM19 KM985656 Bjerkandera adusta (KJ831843) 100% Bjerkandera adusta
BPSM20 KM985657 Polyporus sp. (AJ542518) 100% Polyporus sp.
BPSM21 KM985658 Xylaria sp. (KP263113) 99% Xylaria sp.
BPSM22 KM985659 Auricularia polytricha (FJ617295) 99% Auricularia polytricha
BPSM23 KM985660 Xylaria sp. (KM066560) 97% Xylaria sp.
BPSM24 KM985661 Trametes elegans (JN048766) 100% Trametes elegans
BPSM25 KM985662 Trametes sp. (FJ372692) 99% Trametes elegans
BPSM26 KM985663 Trametes elegans (JN164936) 99% Trametes elegans
BPSM27 KM985664 Pleurotus sp. (HQ668461) 99% Panus giganteus
BPSM29 KM985666 Xylaria feejensis (KF619557) 100% Xylaria feejensis
BPSM30 KM985667 Microporus xanthopus (JX290074) 99% Microporus xanthopus
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BPSM31 KM985668 Auricularia polytricha (FJ617294) 100% Auricularia polytricha
BPSM32 KM985669 Gymnopus menehune (AY263426) 99% Gymnopus menehune
BPSM33 KM985670 Microporus vernicipes (KP715551) 100% Microporus sp.
BPSM34 KM985671 Pleurotus pulmonarius (KF932728) 99% Pleurotus sp.
BPSM35 KM985672 Lentinus sajor-caju (KP283493) 99% Lentinussajor-caju
BPSM36 KM985673 Pleurotus pulmonarius (FJ379269) 100% Pleurotus pulmonarius
BPSM37 KM985674 Lentinus sp. (KC507237) 99% Lentinus sp.
BPSM38 KM985675 Marasmiellus palmivorus (JQ653433) 99% Marasmiellus palmivorus
BPSM39 KM985676 Trametes elegans (KF573029) 99% Trametes elegans
BPSM40 KM985677 Polyporus arcularius (KP050637) 100% Polyporus arcularius
BPSM41 KM985678 Pleurotus djamor (FJ040176) 100% Pleurotus djamor
BPSM42 KM985679 Trametes elegans (JN164921) 99% Trametes elegans
BPSM43 KM985680 Xylaria sp. (JN615250) 97% Xylaria sp.
BPSM44 KM985681 Xylaria sp. (JX082389) 97% Xylaria sp.
BPSM45 KM985682 Lentinula sp. (KF757012) 99% Lentinula sp.
BPSM46 KM985683 Schizophyllum commune (AB369910) 100% Schizophyllum commune
BPSM47 KM985684 Schizophyllum commune (KP326577) 99% Schizophyllum commune
BPSM48 KM985685 Schizophyllum commune (JX848644) 99% Schizophyllum commune
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Table 4. ITS rRNA gene analysis classified the isolates into 16 genera

and 11 families

Sl.No. Genus No. of individuals % Family

1 Auricularia 3 6.67 Auriculariaceae

2 Fomitopsis 1 2.22 Fomitopsidaceae

3 Schizophyllum 5 11.11 Schizophyllaceae

4 Gymnopus 1 2.22 Marasmiaceae

Marasmiaceae

Marasmiaceae

5 Marasmiellus 3 6.67

6 Lentinula 1 2.22

7 Bjerkandera 2 4.44 Meruliaceae

8 Hymenopellis 1 2.22 Physalacriaceae

9 Pleurotus 4 8.88 Pleurotaceae

10 Panus 1 2.22 Polyporaceae

Polyporaceae

Polyporaceae

Polyporaceae

Polyporaceae

11 Trametes 10 22.22

12 Microporus 2 4.44

13 Lentinus 2 4.44

14 Polyporus 2 4.44

15 Pholiota 1 2.22 Strophariaceae

16 Xylaria 6 13.33 Xylariaceae
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3.3.4. RAPD analysis

Genotypic variation among the selected 45 isolates was analyzed using eleven

random RAPD primers and it yielded 337 fragments (Figure 8a, 8b). The amplified

fragments in each strain ranged from four to twelve bands and size ranged from 200

to 2500 bp. Out of the 337 amplified bands using RAPD analysis, 272 bands were

polymorphic with an average of 8.4 polymorphic fragments per primer. It was

observed that the percentage of minimum polymorphic bands which ranged from

34.2% (R1) to maximum polymorphic of 78.8% (R5) with an average of 56.8%

polymorphism. Two of the primers employed for RAPD analysis showed

polymorphism more than 46%. A dendrogram based on RAPD data was constructed

using UPGMA analysis.

The constructed dendrogram grouped the evaluated 45 isolates into two clusters such

as Cluster A and Cluster B with similarity co-efficient that ranged from 0.58 to 1.00.

Cluster A was observed the larger cluster and it consists of 39 isolated and sub-

divided into two sub-clusters such as Cluster A1 and Cluster A2. Cluster A1

comprised of 25 isolates including Auricularia sp., Bjerkandera sp., Fomitopsis sp.,

Lentinus sp., Marasmiellus sp., Microporus sp., Pleurotus sp., Pholiota sp.,

Trametes sp. and Xylaria sp. Cluster A2 contain 14 isolates such as Gymnopus sp.,

Lentinula sp., Lentinus sp., Marasmiellus sp., Pleurotus sp., Polyporus sp.,

Schizophyllum sp. and Trametes sp. Cluster B was formed by six isolates from the

genus Trametes that are clustered together (Figure 10a).
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Figure 8 (A) Random amplified polymorphic DNA (RAPD) patterns

produced from wild mushrooms using primer R1

Figure 8 (B) Random amplified polymorphic DNA (RAPD) patterns

produced from wild mushrooms using primer R2
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Figure 8 (B) Random amplified polymorphic DNA (RAPD) patterns

produced from wild mushrooms using primer R2
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3.3.5. ISSR analysis

The ISSR analysis of the 45 mushroom isolates was conducted using ten

primers to generate ISSR polymorphic DNA banding pattern and it revealed the

different size of resulting bands that ranged from 200 to 2500 bp (Figure 9a, 9b). In

total 312 bands were amplified, out of which 259 were polymorphic bands with an

average of 10.4 per primer. Primer P1 showed maximum percentage of polymorphic

bands with 92.4% where as P2 showed the minimum percentage of polymorphic

bands (38.6%) with an average of 72.5%. There were two primers showing

polymorphism higher than 52%. In this ISSR analysis, a dendrogram was constructed

using UPGMA on the basis of distance matrix which sub-divided the isolates into

two clusters such as Cluster A and Cluster B with similarity co-efficient that ranged

from 0.59 to 1.00. Cluster A was the larger cluster with 42 isolates and it is sub-

divided into two sub clusters such as Cluster A1 and Cluster A2. Cluster A1 consists

of 34 isolates whereas Cluster A2 consists of 8 isolates. The smaller cluster Cluster B

contains 3 isolates all of which belong to genus Trametes.  The dendrogram

constructed in ISSR analysis was closely similar with RAPD analysis as

Schizophyllum sp. BPSM (01, 05, 46, 47, 48) had the closest relationship with

Pleurotus sp. BPSM (10, 34) in the RAPD analysis, the similarity was found in ISSR

analysis where Schizophyllum sp. had the closest relationship with Pleurotus sp.

(Figure 10b).
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Figure 9 (A) Inter Simple Sequence Repeats (ISSR) patterns

produced from wild mushrooms using primer P1

Figure 9 (B) Inter Simple Sequence Repeats (ISSR) patterns

produced from wild mushrooms using primer P2
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Figure 9 (A) Inter Simple Sequence Repeats (ISSR) patterns

produced from wild mushrooms using primer P1

Figure 9 (B) Inter Simple Sequence Repeats (ISSR) patterns

produced from wild mushrooms using primer P2
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3.3.6. Nutritional composition

Table 5 showed the nutritional contents and energetic contribution of the selected six

edible mushrooms collected from the protected natural forests of Mizoram, India.

The maximum ash content is observed in Pleurotus djamor BPSM41 with 21.4

g/100g dry weight, dw. Of all the three edible mushrooms evaluated, three of them

(S. commune BPSM01, Pleurotus sp. BPSM34 and Panus giganteus BPSM27)

exhibited almost the same level of protein contents (30.3, 34.3 and 35.59 g/100 dw

respectively). Panus giganteus BPSM27 showed the highest level of carbohydrate

content where as the other samples evaluated showed extremely lower level of

carbohydrate content which ranged from 20 – 80 g/100g dw. The highest fat content

was observed in Lentinula sp. BPSM45 with 6.26 g/100g dw while Pleurotus sp.

BPSM34 showed the lowest level of fat content of all the mushrooms studied (2.32

g/100g dw).

3.3.7. Antioxidant properties

Bioactive properties of edible mushrooms were evaluated with three different tests

by determining their total phenolic contents, total flavonoid content and scavenging

activity of ABTS radical. Table 6 showed the the total phenol content (TPC) of the

selected mushrooms ranging from 2.76 to 55.19 mg GAE/g (Gallic Acid Equivalents

per gram of dried sample). S. commune BPSM01 revealed the maximum

concentration of TPC (55.19 mg GAE/g) followed by Pleurotus djamor (BPSM41)

and Pleurotus sp. (BPSM34) with 52.27 and 41.44 mg GAE/g, respectively. On the

other hand, Lentinus sp. (BPSM37) exhibited the lowest concentration of TPC with

12.76 mg GAE/g.  We also evaluated the Total flavonoid content (TFC) quantified as

milligram of Quercetin equivalent per gram of the extract and it ranged from 0.373 to
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0.744 mg of QAE/g in the six wild edible mushrooms. P. djamor BPSM41 exhibited

the maximum concentration of TFC (0.744 mg QAE/g) which was followed by

Lentinula sp. BPSM45 (0.652 mg QAE/g) and Pleurotus sp. BPSM34 (0.528 mg

QAE/g). The lowest values of TFC was observed in Panus giganteus BPSM27

(0.373 mg QAE/g) and Lentinus sp. BPSM37 (0.382 mg QAE/g).

The scavenging activity of ABTS radical was assessed in this study and the result

showed the IC50 values that ranged from 3.25 to 11.43 mg/ml. S. commune BPSM01

and Pleurotus djamor BPSM41 exhibiting an IC50 value of 3.25 mg/ml and 3.73

mg/ml indicated the methanolic extract of these edible mushrooms have a significant

antioxidant potential.

3.3.8. FTIR analysis

Dried powder of edible mushrooms was analyzed in ATR-FT-IR (Jasco, Japan) and

different functional groups, wave numbers and their corresponding polymer of

mushroom samples are shown in Table 7.  It is shown in figure that the edible

mushroom samples hit perfect peaks for lignin, cellulose and hemicelluloses at the

corresponding wave numbers (Figure 11). The peak intensity of hemicellulose that

showed wave number 1740 cm-1 with functional group of ketone/aldehyde C=O

stretch was greatly reduced in P. giganteus BPSM27 as compared to S. commune

BPSM01, it revealed that solubilization of the hemicellulose has taken place in P.

giganteus BPSM27. It also showed the absence of hemicellulose peak in Lentinus sp.

BPSM37 and Lentinula sp. BPSM45 and Pleurotus sp. BPSM34; this could be due

to complete solubilization of the hemicellulose part which is present in the samples.

The lignin peak intensity of S. commune BPSM01 of wave number 2937 cm-1 with a

functional group of C-H stretching was significantly reduced as compared to the
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other mushrooms analyzed in this study. Correspondingly, reduction in lignin peak

intensity of wave number 1639 cm-1 and 1556 cm-1 was observed in S. commune

BPSM01 and Lentinus sp. BPSM37 when compared to Lentinula sp. BPSM45,

Pleurotus sp. BPSM34, P.  giganteus BPSM27 and P. djamor BPSM41.  Functional

groups that represent cellulose and hemicellulose were observed at wave numbers

1200 cm-1 in Lentinula sp. BPSM45. and P. djamor BPSM41. Likewise, cellulose

and hemicellulose peak with different functional group of glycosidic linkage was

noticed at the wave number of 930 cm-1 in for S. commune BPSM01. Reduction in

peak intensity for Lentinus sp. BPSM37 and increase in P. djamor BPSM41 of wave

number 1035 cm-1 with a functional group of C-O, C=C, and C-C-O stretching that

represent cellulose, hemicellulose and lignin was observed correspondingly when

compared to Lentinus sp. BPSM37, P. giganteus BPSM27, Pleurotus sp. BPSM34

and S. commune BPSM01.
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Table 5. Determination of Ash, Protein, Carbohydrate and Fat content in selected wild mushrooms

SN Mushroom Samples Ash (g/100g) Proteins (g/100g) Carbohydrate (g/100g) Fat content

(g/100g)

1 Schizophyllum commune BPSM01 6.317 30.33 30.01 5.25

2 Pleurotus sp. BPSM34 8.866 34.30 40.05 2.32

3 Panus giganteus BPSM27 7.749 35.59 80.61 2.59

4 Lentinus sp. BPSM37 5.257 24.05 20.33 2.72

5 Lentinula sp. BPSM45 21.406 16.90 40.15 6.26

6 Pleurotus djamor BPSM41 8.443 12.21 30.28 3.31

Table 6. Antioxidant activity of wild mushrooms

SN Scientific name with Sample ID TPC (µg GAE/mg) TFC (µg QAE/mg) ABTS IC50 (mg/ml)

1 Schizophyllum commune BPSM01 55.19±1.42 0.410±0.005 3.25±0.97

2 Pleurotus sp. BPSM34 41.44±0.81 0.528±0.003 5.59±0.7

3 Panus giganteus BPSM27 17.53±1.32 0.373±0.002 11.31±0.84

4 Lentinus sp.BPSM37 12.76±0.6 0.382±0.001 11.43±0.82

5 Lentinula sp.BPSM45 18.09±0.71 0.652±0.002 5.52±0.6

6 Pleurotus djamor BPSM41 52.27±0.44 0.744±0.003 3.73±1.08
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Table 7. Assignment of functional group and their corresponding polymer in wild mushrooms

Wave Number (cm-1) Assignment/Functional Group Polymer

930 Glycosidic linkage Cellulose, hemicellulose

1035 C-O, C=C, and C-C-O stretching Cellulose, hemicellulose, lignin

1200 O-H bending Cellulose, hemicellulose

1556 Aromatic ring vibration Lignin

1639 C=O stretching (unconjugated) Lignin

1740 Ketone/aldehyde C=O stretch Hemicellulose

2937 C-H stretching Lignin
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Figure 11a. Analysis of polymeric substances in Schizophyllum commune BPSM01 using

Fourier Transform-Infrared Spectroscopy (FT-IR)

Figure 11b. Analysis of polymeric substances in Pleurotus sp. BPSM34 using Fourier

Transform-Infrared Spectroscopy (FT-IR)
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Figure 11c. Analysis of polymeric substances in Panus giganteus BPSM27 using Fourier

Transform-Infrared Spectroscopy (FT-IR)

Figure 11d. Analysis of polymeric substances in Lentinus sp. BPSM37 using Fourier

Transform-Infrared Spectroscopy (FT-IR)
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Figure 11e. Analysis of polymeric substances in Lentinula sp.BPSM45 using Fourier

Transform-Infrared Spectroscopy (FT-IR)

Figure 11f. Analysis of polymeric substances in Pleurotus djamor BPSM41 using Fourier

Transform-Infrared Spectroscopy (FT-IR)
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3.4. Discussion

Recently, the importance of mushrooms for the producing novel secondary metabolites that

are having antimicrobial potential is of great interest (Rai et al., 2005; Krishna et al., 2015;

Lallawmsanga et al., 2016). Several mushrooms in India including Agaricus bisporus

(Jagadish, 2009), Lentinus tuber-regium (Manjunathan and Kaviyarasan, 2010), Lentinus

squarrosulus (Bhunia et al., 2010), Lycoperdon perlatum (Ramesh and Pattar, 2010),

Pleurotus sajor-caju (Tambedkar et al., 2006), Pleurotus pulmonarius (Jose et al., 2002) and

Volvariella bombycina (Jagadeesh et al., 2010) have been evaluated for their medicinal

potential such as antioxidant, antimicrobial and antitumor activities (Thatoi and

Singdevsachan, 2014). Schizophyllum radiatum has been applied in the extracellular

biosynthesis of silver nanoparticles and reported to show antimicrobial potential against gram

positive and gram negative bacteria with anti-oxidative properties under submerged

fermentation (Metuku et al., 2014; Lallawmsanga et al., 2016). Additionally, Ramberg et al.

(2010) reported the immunomodulatory and anticancer properties of genus Trametes.

The diversity of mushrooms was higher in DTR than MNP and it was likely due to the

differences in environmental conditions like temperature, pH of soil, physiognomy,

succession and geographical locations (Lallawmsanga et al., 2016). Angelini et al. (2014)

reported the similar finding with this where the method of sampling, various factors such as

soil conditions and microclimate that affects the diversity of mushrooms.

Besides, the intensity of efficiency among biodiversity and human activities may possibly

have consequences in the species variation reported in this assessment. The number of

fruiting bodies was higher during rainy season than the dry season and the similar report was

given by Andrew et al. (2013) regarding the higher rate of diversity of mushrooms in the
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rainy seasons as compared to other seasons. On the other hand, temperature is a major factor

that affects the mycelial growth in the production of mushroom (Chang and Miles, 2004).

All the wild mushrooms evaluated were having antimicrobial properties against gram positive

and gram negative bacterial pathogens. Likewise, the antimicrobial potential of mushroom

extracts was reported by Chowdhury et al. (2015). In the present study, the maximum

inhibition zone of the wild mushrooms was shown by Pleurotus pulmonarius (BPSM36)

against P. aeruginosa (9.4 mm) and S. aureus (7.7 mm). This result was in accordance with

an antibacterial activity of P. ostreatus (Chowdhury et al., 2015). Lentinula sp. (BPSM45) in

this study showed the antimicrobial potential against all the bacterial pathogens tested in this

study. Similarly, L. edodes was reported to show antibacterial activity against B. cereus,E.

coli and S. aureus (Ishikawa et al., 2001). Highly susceptible isolates were observed in this

study against C. albicans and E. coli which is in accordance with the previous reports

(Chowdhury et al., 2015; Ramesh and Pattar, 2010). Only four isolated were found to be

strongly resistant against all the bacterial pathogens selected in this study. Correspondingly,

some of the previous reports including Barros et al. (2007), Chowdhury et al. (2015), Ramesh

and Pattar (2010) and Smolskaite et al. (2015) reported the antimicrobial activity of

mushrooms and their competence for the finding of antimicrobial products.

In total 45 isolated were evaluated for their antifungal properties against three fungal

pathogens in which all the 45 isolates tested were highly active against the fungal pathogens.

Five mushroom isolates out of the 45 isolates evaluated, the isolates (BPSM 31, 33, 37, 38

and 45) showed inhibitory activity against all the fungal pathogens used in this study. The

maximum percentage of antifungal activity was exhibited by isolate BPSM45 (i.e. Lentinula

sp.) with 55.3% against F. oxysporum. It was considerably higher as compared to the

previous report of Osman et al. (2014) who reported the inhibition of F. oxysporum by

Lentinula edodes LC202 and Lentinula edodes LC2141 (22% and 17% respectively).
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Most of the mushroom isolates studied in this work showed antifungal activity against F.

oxysporum f. sp. ciceri, a harmful fungal pathogen that cause disease in many crops. The

isolates that showed high antifungal activity against the selected pathogens includes BPSM

31, 33, 37, 38 and 45 have the capability to be used for the production of bio-control agents.

Amplification of ITS region with ITS1 (5’-TCCGTAGGTGAACCTGCGG-3’) and ITS4 (5’-

TCCTCCGCTTATTGATAGC-3’) primers was successfully performed for the identification

of Hericium erinaceum (Park et al., 2004). ITS sequences has also been employed to compare

its differences in the performance as barcoding markers with COI and it was reported that the

overall performances of ITS and COI as barcode markers are equivalent. Conversely, Seifert

(2009) reported that COI will not work for mushrooms, rusts and most likely in some other

fungi, which is mainly due to the uneven and changeable occurrence of large introns in the

barcoding region (Lallawmsanga et al., 2016). The widely employed ITS region is perfect for

the identification of species and it is the only reliable molecular technique available for

barcoding of mushrooms (Nillson et al., 2008; Begerow et al., 2010). In addition, its

flexibility makes it extensively employed for surveying and discovering of novel fungi.

Subsequently, the ITS region of the ribosomal DNA (rDNA) has been significantly used as

de facto standard ‘barcoding’ marker for many years (Begerow et al., 2010).

The evaluation of genetic diversity is important to comprehend genetic variation amongst the

closely-related organisms based on their genetic makeup (Lallawmsanga et al., 2016).

Similarly, the two Pleurotus sp. such as BPSM10 and BPSM34 in this study were found

closely clustered together in RAPD analysis. This result was in agreement with the results

provided by Ro et al. (2007) and Yin et al. (2014) who stated that phenotypic characteristics

of fruiting bodies of. P. eryngii are clustered together based on the grouping of RAPD. This

explained the efficiency of the molecular marker in the analysis of genetic diversity of
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mushroom at the genus level. The present work provides information concerning genetic

diversity of mushroom strains using RAPD and ISSR analysis. The result of this study

showed that the closely related Schizophyllum sp. strains created a sub-clade at the coefficient

of 90% and 95% respectively. Similarly, different strains of Auricularia polytricha (Isolates

BPSM14, 22 and 31) were clustered together and it showed that the selected markers can be

used to distinguish mushrooms up to their genus level. RAPD technique has the capability to

assess the whole genome and identifies multiple loci in a single reaction. It has been used

extensively for the characterization of diverse strains of Agaricus bisporus (Moore et al.,

2001), Ganoderma lucidum complex (Hseu et al., 1996) and Lentinula edodes (Chiu et al.,

1996).

It is important as it can be used as a practical tool to keep the novel strains for the breeders

and spawn companies (Yan et al., 2004). In this study, the ISSR analysis showed that all the

Trametes strains were clustered together and showed high levels of genetic diversity. It has

been widely employed for the identification and characterization for over two decades

(Zietkiewicz et al., 1994). It is a remarkably capable, sensitive and successful technique to

evaluate genetic diversity up to species level used in Agaricus bisporus (Guan et al., 2008),

Auricularia polytricha (Yu et al., 2008), Cordyceps sinensis (Liang et al., 2008) and

Lentinula edodes (Zhang et al., 2007b).

Among the six mushroom isolates evaluated for the nutritional contents, the highest ash

content was observed in Lentinula sp. BPSM45 with 21.40 g/100g. Panus giganteus

BPSM27 showed the highest composition of carbohydrates and proteins with low fat content.

The concentration of antioxidant activity in mushroom is largely depends upon the kinds of

solvents used in the extraction and it makes it differ from one species to another; this might

be attributable to their ability to extract bioactive substances (Lallawmsanga et al., 2016).
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Bioactive potential of the wild mushrooms might also be affected by differences in analytical

procedures, genetic factors, geographical locations and growth conditions (Dursun et al.,

2006; Munkhgerell et al., 2013; Fernandes et al., 2016).

The chief antioxidant compound that is found in mushrooms is the phenolic group and it also

contains various kinds of reducing agents like ascorbic acid and flavonoids (Lallawmsanga et

al., 2016). Phenolic compounds have the ability to donate hydrogen to the free radicals for

their termination of chain reaction at the initial stage of lipid oxidation. This is due to the

phenolic hydroxyl groups that assist the phenolic compounds for scavenging of radicals

(Kosanic et al., 2016). The highest TPC in this study is the methanolic extract of S. commune

with 55.19 mg GAE/g and it is higher than the previous report of 25.03 mg GAE/g (Wong

and Chye). On the other hand, the report given by Matilla et al. (2000) and Chowdhury et al.

(2015) were in accordance with this study in the absence or low content (0.744 mg QAE/g) of

flavonoid in the mushrooms evaluated.

The DPPH and ABTS assays are widely used because of their ease of application, low cost

and reproducibility (Moon and Shibamoto, 2009). As compared to DPPH, ABTS radical

scavenging activity is more sensitive for the evaluation of antioxidant activity. The

discoloration of ABTS radical cation provided the capability of the antioxidants to neutralize

the radical species by contributing electrons or hydrogen atoms (Islam et al., 2016). The most

significant scavenging activity observed in this study is with S. commune BPSM01 (IC50 of

3.25 mg/ml)
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4.1. Introduction

Laccase (EC 1.10.3.2; benzenediol: oxygen oxidoreductase) is one of the oxidative

enzymes that is responsible for lignin degradation and it is the second most abundant

naturally produced organic polymer on earth (Atalla et al., 2010). It is prevalent in

higher plants, fungi and bacteria; white rot fungi, in particular, are the most essential

and major producer of this enzyme. Laccase have several numbers of applications

which includes biopulping, degradation of aromatic compounds, detoxification of

polluted water, development of biosensors and textile dye bleaching (Zhuo et al.,

2011). Furthermore, laccase have the capability to catalyze the oxidation of

substituted phenolic and non-phenolic contaminants in the presence of oxygen as an

electron acceptor to water (He et al., 2015). It is one of the most extensively used

enzymes in reduction of chemical pollution of industries (Mayer and Staples, 2002).

The major cause of environmental pollution is caused by discarding of improperly

treated waste from the industries. Synthetic dyes are the major contaminants of water

and are frequently used in textile industry (Eichlerova et al., 2006). Azo dyes are one

of the major global pollutants among dyes and are discharged in the water bodies

either in the form of industrial effluent or as a waste of textile industry. These dyes

have the capability to transform into toxic, mutagenic or even carcinogenic. Besides,

there are several groups of synthetic dyes such as anthraquinone, heterocyclic,

phthalocyanine and triphenylmethane that are extremely stable and are highly

resistant against microbial treatment. Decolorization process using conventional

methods like coagulation, electrochemical decomposition, flocculation, oxidative

degradation or sorption have limitations because of high costs and its formation of
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secondary pollutants through the physicochemical treatments (Si and Cui, 2013).

Robinson et al. (2001) and Liu et al. (2004) reported the production of extracellular

enzymes by white-rot fungi like Phanerochaete chrysosporium, Pleurotus sajor-caju

and P. ostreatus and the capability of fungal strains in decolorization of structurally

different dyes.

A triphenylmethane dye, malachite green (MG), is one of the most common dyes

employed for dyeing of cotton, wood, silk, leather, jute and paper (Jasinska et al.,

2015). It is also heavily used in aquaculture and in fish industries as an antimicrobial

agent. On the other hand, it is environmentally persistent and toxic to a wide range of

aquatic and terrestrial animals. MG and its derivatives are reported to have the

potential to induce human carcinogenesis and mutagenesis (Jasinska et al., 2015).

Jasinska et al. (2015) also reported that exposure to this dye has increased the risk of

chromosomal fractures, reduce fertility and may act as an inhibitor of respiratory

enzymes. Among the microorganisms evaluated for their potential in the treatment of

synthetic dyes, white-rot fungi are the most suitable organism to degrade a broad

range of environmental pollutants including highly recalcitrant dyes (Nerud et al.,

2004; Levin et al., 2004; Svobodova et al., 2008).

Pleurotus pulmonarius is a white-rot fungus that grows naturally on wood, usually

on dead trees or on a fallen log. It is well-known to produce laccase under submerged

conditions and also in solid-state conditions using wheat bran as a substrate (dos

Santos Bazanella et al., 2013). In this study, a newly isolated wild mushroom strain

identified as Pleurotus pulmonarius BPSM10 was screened for laccase activity and

in addition, it was employed for decolorization of synthetic dyes from azo and
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triphenylmethane groups. We recommend P. pulmonarius BPSM10 as an alternative

biosorbent for the elimination of synthetic dyes to reduce environmental pollution.

4.2. Materials and methods

4.2.1 Chemicals, dyes and organisms

2,2’-Azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), naphthol blue

black, orange G, malachite green, victoria blue B, phenol red, congo red and

coomassie brilliant blue were purchased from HiMedia, Mumbai, Maharashtra, India.

All chemicals used were of analytical grade. The wild mushrooms were collected

from Dampa Tiger Reserve (DTR) and Murlen National Park (MNP) in India

(Figure 1) and were grown and maintained on Potato Dextrose Agar (PDA) at 28 0C.

The fungal cultures were maintained by periodical sub-culturing on PDA slants at

28±2 and stored at 4 0C.

4.2.2. Screening and quantification of laccase

Qualitative screening for laccase activity was performed using buffered substrate

media with acetate buffer maintained at pH 5.5 supplemented with 0.1% v/v

Guaiacol (o-Methoxyphenol) (HiMedia). Production of laccase was indicated by the

appearance of reddish brown colour on the plate. Isolates which showed laccase

activity was further grown in modified Potato Dextrose Broth (with the addition of

0.025% v/v of 100mM CuSO4 as laccase inducer) for 6 days at 28±2 0C maintained

at 100 rpm in shaking incubator. Cell free supernatant was considered as crude

enzyme obtained by centrifuging the culture media at 10,000 rpm for 10 min.
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Quantitative estimation of laccase was assayed in a reaction mixture containing 3

mM 2, 2’ – Azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt

(ABTS) and 100 mM citrate buffer (pH 5.5) (Park and Park, 2014). The reaction was

monitored by measuring the increase in the absorbance of the reaction product at 420

nm (ɛ420 = 36, 000 M-1 cm-1). One unit of laccase activity was defined as the amount

of enzyme required to oxidize 1 µmol of ABTS per minute at 30 oC.
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4.2.3. Isolation and identification of isolate BPSM10

The isolate with the highest laccase activity (BPSM10) was identified by the

amplification of ITS rRNA gene as described earlier (Lallawmsanga et al., 2016) The

sequence obtained was compared with ITS sequences available in GenBank, using

Clustal W and a dendrogram was constructed to establish the taxonomic position

(Thompson et al., 1997). The isolate has been deposited in Indian Type Culture

Collection (ITCC), New Delhi under accession number ITCC-8215.

4.2.4. Phylogenetic Analysis of isolate BPSM10

Obtained ITS rRNA gene sequence was compared with NCBI database using BlastN

search program and the closely related species showing high level of identity (98%-

100%) were selected as closest match. The sequence was aligned using Clustal W

(Thompson et al., 1997) and was submitted to NCBI GenBank. The evolutionary

models were selected based on lowest Bayesian Information Criterion (BIC) and

Akaike Information Criterion (AIC) values using MEGA 5.05. ITS gene sequences

were used K2 model (Kimura 2-parameter) for construction of Maximum likelihood

tree and reliability of the phylogenetic trees were evaluated by bootstrap analysis

with 1000 resamplings using p-distance model (Felsenstein, 1985; Saitou and Nei,

1987). The estimated transition/transversion bios (R) ratio is 1.34.

4.2.5. Influence of different inducers on enzyme production

Strain BPSM10 was selected to screen against several inducers to enhance enzyme

production. Different inducers like xylidine (HiMedia, Cat No: RM2786-100G),
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guaiacol (HiMedia, Cat No: RM1118-250G) and copper sulphate (HiMedia, Cat No:

RM6391-500G) were added in the production medium (Malt Extract Broth -MEB

and Potato Dextrose Broth- PDB) under ambient growth conditions. Further the

effect of these inducers on enzyme production was determined using laccase assay as

described by Park and Park (2014).

4.2.6. Protein Estimation

Aliquot of cell free extract of strain BPSM10 with appropriate dilution was used for

the estimation of soluble protein content (Lowry et al., 1951). Bovine serum albumin

was used as protein standard.

4.2.7. Dye decolorization

Totally seven dyes (congo red, coomassie brilliant blue, naphthol blue black, orange

G, malachite green, victoria blue B and phenol red) from azo and triphenylmethane

groups were evaluated for dye decolorization potential by the selected strain. All the

tested dyes were purchased from Hi-Media, Mumbai, India. The decolorization assay

was performed in 100 ml Erlenmeyer flasks containing 50 ml MEB supplemented

with 0.1% v/v xylidine. Each dye was added in the above mentioned media with

different concentrations as mentioned in Table 2.

The decolorizing ability was determined spectrophotometrically as the relative

decrease of absorbance. All the reactions were performed in triplicates. The ability of

the crude enzyme to degrade the selected dyes was determined

spectrophotometrically by monitoring the absorbance at or near the wavelength

maximum for each dye at each time interval. The percentage of decolorization was
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calculated according to the formula given by Ayed et al. (2010 and 2011) and the

decolorization efficiency was calculated as follows:

Decolorization (%) = − × 100
Where Ai is the initial absorbance of dye, At is the absorbance of dye after

decolorization.

4.2.8. UV-vis analysis

The cell free supernatants (300 µl) of the resultant degraded samples were scanned in

the range of 300-800 nm using spectrophotometer UV-vis (Multiscan™ GO,

ThermoScientific, MA, US) to observe the spectral shifts caused by

biotransformation of dye.

4.2.9. FT-IR analysis

The control and tested samples were dried and mixed with FT-IR grade potassium

bromide (1:20; 0.02 of sample with KBr at a final weight of 0.4 g). The samples were

grounded in agate pestle and mortar for obtaining pellets by hydraulic press. The

absorbance Fourier transform infrared (FT-IR) spectra of the samples were recorded

using JASCO FT-IR 6800 within the scanning range of 400-4000 cm-1 and 64 scans

per second were recorded (Olukanni et al., 2006).

4.2.10. Statistical analysis

The data presented are the average of the results of three replicates with a standard

error of less than 5%. The significant differences between treatments were compared

by Fisher’s LSD multiple range test at 5% level of probability.
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4.3. Results

4.3.1. Qualitative and quantitative laccase assay

Screening of laccase activity in the 45 wild mushrooms was carried out using

guaiacol as a substrate based on the formation of reddish-brown halo zone around the

fungal colony (Patrick et al., 2011). All the 45 isolates that are collected from Dampa

Tiger Reserve and Murlen National Park exhibited laccase activity with varying

efficiency (Table 1). Eight isolates (BPSM01, 02, 07, 08, 10, 16, 20 and 24) that

showed laccase substrate oxidation capacity more than 1.5 mm were further selected

for quantification of laccase. Laccase quantification assay (Table 2) of the selected

eight isolates showed that the maximum laccase activity was revealed by isolate

BPSM10 with a laccase activity of 143.50 Uml-1. The isolates BPSM16 and

BPSM20 also exhibited high laccase activity with 103.42 Uml-1 and 80.12 Uml-1

respectively.
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Table 1. Laccase hydrolysis capacity of 45 mushroom isolates

Isolates Name of the isolates Screening Laccase Hydrolysis capacity
BPSM01 Schizophyllum commune 1.9±0.10
BPSM02 Trametes hirsuta 1.8±0.15
BPSM03 Marasmiellus palmivorus 0.6±0.05
BPSM04 Trametes elegans 1.0±0.12
BPSM05 Auricularia polytricha 0.7±0.05
BPSM06 Trametes hirsuta 0.9±0.05
BPSM07 Trametes hirsuta 1.5±0.15
BPSM08 Trametes hirsuta 1.5±0.15
BPSM09 Phioliota adiposa 0.7±0.05
BPSM10 Pleurotus pulmonarius 3.5±0.12
BPSM11 Marasmiellus palmivorus 0.6±0.05
BPSM13 Marasmiellus palmivorus 0.6±0.05
BPSM14 Auricularia polytricha 0.7±0.05
BPSM16 Bjerkandera adusta 3.0±0.15
BPSM17 Hymenopellis chiangmaiae 0.8±0.05
BPSM18 Xylaria sp. 0.7±0.05
BPSM19 Bjerkandera adusta 1.00.12
BPSM20 Polyporus sp. 2.3±0.17
BPSM21 Xylaria sp. 0.7±0.05
BPSM22 Auricularia polytricha 0.8±0.05
BPSM23 Xylaria sp. 0.7±0.05
BPSM24 Trametes elegans 1.5±0.15
BPSM25 Trametes elegans 0.9±0.05
BPSM26 Trametes elegans 1.0±0.12
BPSM27 Panus giganteus 0.6±0.05
BPSM29 Xylaria feejeensis 0.7±0.05
BPSM30 Microporus xanthopus 0.7±0.05
BPSM31 Auricularia polytricha 0.8±0.05
BPSM32 Gymnopus menehune 0.6±0.05
BPSM33 Microporus sp. 0.7±0.05
BPSM34 Pleurotus sp. 1.0±0.15
BPSM35 Lentinus sajor-caju 1.0±0.12
BPSM36 Pleurotus pulmonarius 1.0±0.12
BPSM37 Lentinus sp. 0.9±0.05
BPSM38 Marasmiellus palmivorus 0.6±0.05
BPSM39 Trametes elegans 1.0±0.15
BPSM40 Polyporus arcularius 1.0±0.15
BPSM41 Pleurotus djamor 1.0±0.12
BPSM42 Trametes elegans 1.0±0.15
BPSM43 Xylaria sp. 0.7±0.05
BPSM44 Xylaria sp. 0.8±0.05
BPSM45 Lentinula sp. 0.6±0.05
BPSM46 Schizophyllum commune 1.0±0.15
BPSM47 Schizophyllum commune 1.0±0.12
BPSM48 Schizophyllum commune 0.9±0.05

Results represent mean ± standard deviation (n=3)
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Table 2 Laccase enzyme activity of eight selected wild mushroom isolates

Sl. No. Name of the isolates Laccase (U/ml)

BPSM01 Schizophyllum commune 66.32

BPSM02 Trametes hirsuta 48.11

BPSM07 Trametes hirsuta 44.55

BPSM08 Trametes hirsuta 40.32

BPSM10 Pleurotus pulmonarius 143.50

BPSM16 Bjerkandera adusta 103.42

BPSM20 Polyporus sp. 80.12

BPSM24 Trametes elegans 22.04
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4.3.2. Phylogenetic analysis of isolate BPSM10

Amplification of partial ITS gene was performed with the isolate BPSM10 and the

obtained sequence (645 bp) was identified as Pleurotus pulmonarius (NCBI

GenBank accession number KJ865840) which showed 100% sequence similarity

with Pleurotus pulmonarius isolate WM10T. The sequence was aligned by the

NCBI-BLAST analysis tool along with the type strains retrieved from NCBI

databases. Phylogenetic tree was constructed based on maximum likelihood method

with Kimura 2-parameter model according to lowest BIC and AIC values using

Mega 5.05. The estimated Transition/Transversion bias ratio (R) is 1.34. The

phylogenetic tree clearly revealed that isolate BPSM10 is closer to Pleurotus

pulmonarius strain WM10T which was followed by Pleurotus pulmonarius voucher

HMAS86396 and Pleurotus pulmonarius isolate UD 25/08 under a bootstrap support

value of 66% (Figure 2).
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4.3.3. Effect of different inducers on laccase activity

The effect of inducers such as guaiacol, xylidine and copper sulphate on the

production was evaluated using MEB and PDB by P. pulmonarius BPSM10 (Figure

3). The selected inducers showed diverse effects on enzyme activity of P.

pulmonarius BPSM10. MEB supplemented with xylidine exhibited maximum

induction of laccase activity as compared to other inducers studied (Figure 4). In this

study, laccase activity was increased by 2.8 times (349.5 U ml-1) as compared to

control (122 U ml-1), whereas an increase of 1.9 times (286 U ml-1) was recorded by

using PDB media supplemented with xylidine. The addition of CuSO4 as an inducer

showed a higher laccase activity in PDB (196 U ml-1) media as compared to MEB

(146 U ml-1) media. Guaiacol also enhanced the laccase activity by 1.08 times (156

U ml-1) using PDB media and has lower effect on MEB (145.5 U ml-1) media.

The maximum laccase activity was observed on the 8th day of incubation on MEB

supplemented with xylidine; which was followed by PDB with xylidine on the 10th

day of incubation (Figure 3). However the maximum extracellular protein with

43.46 mg/ml was recovered from a medium containing Potato Dextrose Broth with

xylidine on the 6th day of incubation; followed by 41.98 mg/ml protein content in the

Malt Extract Broth enriched with xylidine on the 6th day of incubation (Figure 5).

Interestingly on the day with maximum laccase production, the protein concentration

observed for MEB supplemented with xylidine was 35.33 mg/ml and that of PDB

with xylidine was 28.98 mg/ml.
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4.3.4. Decolorization assays

Totally seven synthetic dyes from azo and triphenylmethane groups were analyzed to

assess the decolorization potential of P. pulmonarius BPSM10. Crude laccase from

strain P. pulmonarius BPSM10 grown on xylidine induced MEB media, harvested on

the 8th day of incubation, was subjected for its dye decolorization potential. The

crude laccase enzyme was capable of decolorizing seven selected synthetic dyes

from the azo and triphenylmethane groups with variable decolorization potential.

Among the dyes studied, malachite green was decolorized within 1st hour of enzyme

incubation resulting in the decolorization percentage of 68.61% at a dye

concentration of 100 mg/L. Meanwhile, the other dyes like congo red (500 mg/L),

naphthol blue black (100 mg/L), orange G (500 mg/L) and coomassie brilliant blue

(300 mg/L) were decolorized with a rate of 48.59%, 46.2%, 42.09% and 20.49%

respectively (Table 3). Within 6 hours of incubation, almost 50% of dyes (including

congo red, naphthol blue black and orange G) were decolorized using crude laccase.

In case of the triphenylmethane dyes (victoria blue B, phenol red, coomassie brilliant

blue) evaluated except for MG, the effect of crude laccase is observed to be the least

effective with the highest percentage of decolorization resulted at around 24-36

hours, with a decolorization percentage ranging from 16%, 22% and 33%

respectively.
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Table 3 Decolorization of synthetic dyes by crude laccase enzyme obtained from P.  pulmonarius strain BPSM10

Dye λmax Concentration dye used
(in %)

1 hr 6 hrs 12  hrs 24 hrs 36 hrs 48hrs

Naphthol Blue Black 681 0.01 (100 mg/L) 46.20±
0.24

51.02±
0.64

55.26±
0.67

55.10±
0.70

55.00±
0.97

55.09±
0.10

Orange G 550 0.05 (500 mg/L) 42.09±
0.84

47.31±
0.96

53.56±
0.73

56.21±
0.40

58.58±
0.51

58.08±
0.81

Malachite Green 670 0.01 (100 mg/L) 68.61±
0.64

68.41±
0.33

68.21±
0.54

68.28±
0.51

68.31±
0.70

68.01±
0.86

Victoria Blue B 680 0.05 (500 mg/L) 6.87±
0.32

10.45±
0.58

12.12±
0.27

16.03±
0.42

15.83±
0.69

15.58±
0.90

Phenol Red 525 0.1 (100 mg/L) 7.88±
0.82

13.26±
0.82

18.10±
0.82

20.25±
0.31

22.22±
0.82

21.89±
0.53

Congo Red 430 0.05 (500 mg/L) 48.59±
0.34

53.71±
0.47

57.62±
0.17

61.14±
0.36

61.07±
0.47

61.10±
0.34

Coomassie Brilliant Blue 660 0.03 (300 mg/L) 20.49±
0.13

21.04±
0.16

26.81±
0.11

31.19±
0.25

33.12±
0.23

32.28±
1.17
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4.3.5. FT-IR analysis

FT-IR helps in identification of functional groups in the treated and untreated

samples of dye, which further leads to find out the transformed products resulted by

the enzymatic transformation. The FT-IR spectra and its assigned functional groups

with their wave numbers are shown in Figure 6 and Table 3. In the dye sample

treated with mushroom laccase, the spectral changes and reduction in intensity of the

peaks at wave numbers 1610-1630 and 1358 cm-1 is compared to control (untreated

dye) and it showed the breakdown of azo groups and its corresponding bonds,

including the conjugates that might have attached with the dye. It is observed from

the treated sample that a significant reduction in the intensity at wave number 1642

cm-1 in the compared to control suggested that the conjugate molecule such as

carboxylic group at aromatic ring might have reduced or transformed. However,

there were no formation of new peaks at 3300 and 3500 cm-1 in the treated sample

which might be due to the absence of azo bonds.
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Table 4 Functional groups of decolorized malachite green and its respective

wavenumbers

Wave number (cm-1) Functional Group Corresponding compound

1610-1630 s-N=N-s Azo linkages of aromatic structure

1642 C=C,C=O Conjugation groups (carboxylic acid, ketone,

ester, or aldehyde)

3300 OH Azo linkage

3500 OH Azo linkage

1340-1250 NH2 Ammonia group
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4.4. Discussion

Toxic and polluting chemicals of anthropogenic origins have greatly disturbed our

ecosystem. Of all the pollutants, textile effluents are known to disturb aquatic

environments as the textile industries consume huge amount of water and chemicals.

The organic effluents that are discarded from dye industries may lead to critical

environmental concern as they are frequently discharged into water bodies, which in

turn, are utilized for agricultural purposes (Sathishkumar et al., 2013). Arora and

Sharma (2010) reported that the decolorization of synthetic dyes and effluents in the

textile industry by using physical or chemical method is not quite effective; on the

other hand, the enzyme-based decolorization is more in demand.

Laccase is considered to have involvement in the formation of fruiting bodies of

higher fungi, in fungal/plant-pathogen/host interaction and in stress defence

mechanisms (Fen et al., 2014). Fungal laccase has a great economic significance and

have been employed in the pharmaceutical and food industries (dos Santos et al.,

2015); additionally, they are well-recognized for their capability to decolorize several

dyes (Kuhar et al., 2011). The main purpose of screening is to find a mushroom with

required quality for different applications including dye decolorization (Ang et al.,

2011). The formation of zones in the plate which is due to production of ligninolytic

enzymes is an evidence of multi-enzymatic actions, which could further be

applicable in bioremediation processes (Machado et al., 2005; Arora et al., 2010).

The finding of this study is in concordance with the previous reports regarding the

screening for laccase activity with guaiacol which is more easily detectable and

reliable for bio-prospecting of fungi with application of laccase in a wider scale.
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ITS gene sequencing and phylogenetic analyses showed that the selected isolate

BPSM10 was identified as Pleurotus pulmonarius BPSM10; it has a close similarity

with Pleurotus pulmonarius isolate WM10T. It was followed by P. pulmonarius

voucher HMAS86396 and P. pulmonarius isolate UD 25/08 under a bootstrap

support value of 66%. This finding is in agreement with the report given by Adebayo

et al. (2012) who stated that the mushroom strain P. pulmonarius LAU 09 was

closely clustered with P. pulmonarius complex with bootstrap value of 77% and also

reported about its high antimicrobial and anti-inflammatory potential.

The ligninolytic activity of white rot fungi mainly depend on numerous factors and

their activity against those factors differ from one to another. Some compounds like

copper sulphate, guaiacol, veratryl alcohol and xylidine have been extensively used

to enhance production of laccase by fungi (Jaouani et al., 2006; Mahmoud et al.,

2013; Usha et al., 2014). In the present study, the enhancement of laccase production

with xylidine, guaiacol and copper sulphate was focussed following the previous

reports of Papinutti and Forchiassin (2000) and Kuhar et al. (2015).

Copper is one of the most essential inducer for laccase production; in addition, it is

also used for the synthesis synthesis of a catalytically active laccase proteins

(Baldrian 2004). Besides, xylidine and guaiacol are also reported to have a capability

to induce laccase activity in many fungi (Xiao et al., 2004; Valle et al., 2015). P.

pulmonarius BPSM10 was grown individually on a specific medium that contains

one of the following inducers each, namely xylidine, guaiacol and copper sulphate.

The maximum laccase production recorded in this study was 349.5 U/ml in the

presence of xylidine on the 8th day of incubation while the control exhibited 122

U/ml (Fig. 3).
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We have evaluated the decolorization of structurally different dyes that are selected

from azo and triphenylmethane groups, which represent the two main chemical dye

groups. Among the mushrooms evaluated, P. pulmonarius BPSM10 was observed

with high potential to decolorize both the selected azo and triphenylmethane dyes

even in high concentration. Svobodova et al. (2008) reported that Irpex lacteus has

efficiently decolorized naphthol blue black at a concentration of 150 mg/L.

Furthermore, Eichlerova et al. (2006) also reported degradation of orange G by

Pleurotus calyptratus and Ischnoderma resinosum. We observed 55.26% and

58.58% decolorization at a dye concentration of 100 mg/L of naphthol blue black

and 500 mg/L of orange G.

In the previous reports, different concentrations of dye have been used and the tested

organisms worked efficiently for decolorization process. Si and Cui (2013) and Si et

al. (2013) have used Lentinula (lentinus) edodes and Trametes pubescens for

decolorization of congo red at different concentrations. Boer et al. (2004) reported

dye decolorization potential of Lentinula edodes at a dye concentration of 200 mg/L.

The decolorization percentages in the previous reports were usually lower

concentrations as compared to this study (Table 4). Zhuo et al. (2011) have reported

the decolorization percentage with Ganoderma species within 72 h of incubation at a

concentration 25 mg/L with 99.8%. The mushroom evaluated in this study, Pleurotus

pulmonarius BPSM10, significantly decolorized congo red and MG up to 61.14 and

68.61% at a concentration of 500 mg/L and 100 mg/L respectively.

Gomaa et al. (2008) reported the decolorization of victoria blue B at a dye

concentration of 200 mg/L and the maximum percentage of decolorization was

obtained within 8 days of incubation; whereas phenol red is also subjected to
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decolorization within 14 days of incubation by Pleurotus ostreatus (Nerud et al.,

2004). This present study revealed that the minimum percentages of decolorization

were observed in coomassie brilliant blue (33.13%), phenol red (22.22%) and

victoria blue B (16.03%).

The percentage of decolorization is lower than the previous reports which could be

due to higher concentration of dyes used in this study (Table 5). Dye decolorization

is used as a screening tool to choose the most capable strains which could be

employed and described up to their degradation mechanisms in detail. This study

revealed the efficiency of dye decolorization and explained the promising application

of P. pulmonarius BPSM10 laccase in the treatment of synthetic dye effluents. FT-

IR is an essential technique to detect the compounds that are transformed from azo

linkages into biomass (Kanagaraj et al., 2012). It is applied to identify the presence

of azo groups of –N=N–s on aromatic structure and –N=N- stretching in the dye

(Kanagaraj et al., 2015). It is shown in Fig. 5 that peaks ranging from 1610-1630 to

1312 cm-1 are due to presence of azo linkages of s-N=N-s on aromatic structure and –

N=N- stretching in α substituted compounds, respectively. As a result, these peaks

are altered during the treatment with Pleurotus pulmonarius BPSM10.
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Table 5 Comparative reports on decolorization of synthetic dyes by different fungi against P. pulmonarius BPSM10

Dye Concentration of dye used Decolorization percentage (%) Organism References

Malachite green 50 mg/L 70.00 Pleurotus florida Sathishkumar et al. (2013)

100 mg/L 21.20 Ischnoderma resinosum Eichlerova et al (2006)

100 mg/L 6.00 Ganoderma sp. En3 Zhuo et al. (2011)

100 mg/L 68.61 Pleurotus pulmonarius In this study

Victoria blue B 100 mg/L 53.45 Trametes pubescens Si and Cui (2013)

200 mg/L 78.00 Ganoderma lucidum Gomaa et al. (2008)

500 mg/L 16.03 Pleurotus pulmonarius In this study

Congo red 50 mg/L 80.53 Trametes pubescens Si et al. (2013)

100 mg/L 72.31 Trametes pubescens Si & Cui (2013)

200 mg/L 92.00 Lentinula (lentinus) edodes Boer et al (2004)

500 mg/L 61.14 Pleurotus pulmonarius In this study

Coomassie brilliant blue 100 mg/L 75.00 Fome lignosus Liu et al. (2004)

300 mg/L 33.12 Pleurotus pulmonarius In this study

Naphthol blue black 150 mg/L 76.20 Irpex lacteus Svobodova et al. (2008)

100 mg/L 55.26 Pleurotus pulmonarius In this study

Orange G 500 mg/L 95.40 Ischnoderma resinosum Eichlerova et al. (2006)

50 mg/L 33.30 Pleurotus ostreatus Eichlerova et al. (2006)

500  mg/L 55.50 Pleurotus calyptratus Eichlerova et al. (2006)

500 mg/L 58.58 Pleurotus pulmonarius In this study
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The peak detected at 1642 cm-1 is because of the conjugation in C=C and C=O groups and it

confirmed the presence of carbonyl group in a carboxylic acid, ketone, ester, or conjugated

aldehyde that is attached to an aromatic ring (Maier et al., 2004). The absence of peaks

between 3300 and 3500 cm-1 is due to the absence of azo bonds and OH groups in position

related to the azo linkages. The absence of peaks observed between 1250 - 1340 cm-1 is

related to NH2 that showed the transformation of the group to N2 or NH3 or into the biomass

(Blanquez et al., 2004; Kanagaraj et al., 2015). Several fungal strains have the ability to

decolorize different synthetic dyes and it is essential to develop fungal strains with high

amount of production rate, as well as possess high biosorption potential, that can grow easily

in simple and cost effective medium.

It is necessary to decolorize synthetic dyes from the industrial effluent as these dyes in high

concentration become toxic, carcinogenic and harmful to the living organisms. Growth and

dye decolorization potential of fungi is affected by several factors. In this study we have

evaluated the dye decolorizing ability of mushrooms and observed that the wild mushroom P.

pulmonarius have the capacity to degrade a triphenylmethane dye, MG, at a high

concentration under shaking conditions. This could be due to better oxygenation and regular

contact of secreted enzyme with dye molecules in it for decolorization. This particular strain

could be used for the reduction of environmental pollution caused by synthetic dyes.
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5.1 Introduction

Schizophyllum commune Fries is a mushroom belonging to the Schizophyllaceae family of

order Agaricales. It is a cosmopolitan mushroom that is present in all continents, except in

Antartica (Fernandes et al., 2016; Herawati et al., 2016). There are over 150 plants genera

that act as a substrate for S. commune; in addition, it colonizes softwood and grass silage (de

Jong 2006). Even though it is reported to be pathogenic for human and trees, the fruiting

body of S. commune that form on these substrates are consumed in Asia and Africa (Ohm et

al, 2010). It is known to have high content of proteins, vitamins, lipids and elements

(Adejoye et al., 2007; Ediriweera et al., 2015). S. commune is mainly focussed for its

therapeutic effects and method of cultivation in research; it is sold in the markets with great

economical interest for local people as a source of income (Wong et al., 2009).

There are about 300 wild edible mushroom species, of which only 30 have been domesticated

and 10 are grown for commercial purposes (Barney 2009). Agaricus bisporus is the most

commonly cultivated mushroom followed by Pleurotus sp. and Lentinula edodes (Ruhl et al.,

2009; Sanchez 2010). Today’s consumption of healthy food is increasing all over the world.

Meanwhile, wild mushrooms are highly consumed for their desirable taste and more due to

their nutritional value (Manzi et al., 1999; Kalac and Svaboda, 2000; Sarikurkcu et al., 2015).

They are reported to contain therapeutical properties, counteracting diseases such as

hypertension, hypercholesterolemia and cancer (Sarikurkcu et al., 2015). Therefore, the

production of mushroom has become an important industry in many countries (Izlam et al.,

2009).

Rise in food prices due to high bio-fuel prices have caused scarcity of food and malnutrition

throughout the world. To lessen this, cultivation of mushroom is beneficial and applicable for

the poor farmers as it is labour intensive, short-duration for production and land saving (Shah



Chapter V Comparative study on….. cultivated S. commune

Exploration and utilization…...Dampa Tiger Reserve of Mizoram Page 107

et al., 2004). It could be more applicable in developing countries where malnutrition is one of

the biggest problems as mushroom is rich in nutrients and its high productivity per unit area

(Eswaran and Ramabadran, 2000). Mushrooms are now cultivated from sawdust-based

cultures but the yield depends upon the quality of the wood (Ohga 2000).

On the other hand, previous reports showed that mushrooms are considered capable

accumulators of heavy metals and are subsequently used as bioindicators (Nharingo et al.,

2015). There are reports about the amassing of heavy metals by wild mushrooms from

several countries such as Czech Republic (Svoboda 2002), France (Michelot et al., 1998),

Poland (Falandysz et al., 2003; Malinowska 2004; Rudawska and Leski, 2005), Slovakia

(Kalac et al., 1996; Svoboda et al., 2000), Spain (Garcia et al., 1998), Turkey (Demirbas

2001a; Tuzen et al., 2003; Mendil et al., 2005) and USA (Aruguete et al., 1998). Some of the

wild mushrooms that grow in non-polluted areas are even reported to contain high

concentration of heavy metals (Sarikurkcu et al., 2015). They contain various minerals,

essential and non-essential trace elements with problematic heavy metals.

Even though some of the trace elements including iron, copper, zinc and manganese plays an

important role in the biological systems (Kalac and Svoboda, 2000; Obodai et al., 2014), but

in turn their presence in excessive amount can be toxic for the living organisms (Giannaccini

2012). The high metal content in mushrooms is due to the fact that they possess effective

mechanism for excessive accumulation of heavy and toxic metals which is higher than those

in crop plants, fruit and vegetables (Liu et al., 2015; Dimitrijevic 2016). The Energy

Dispersive X-Ray Fluorescence (EDXRF) method is a non-destructive method which is

widely employed for the determination of elemental composition in mushrooms (Turhan et

al., 2010).
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Formation of free radicals is correlated with the normal metabolic process of the living

organisms such as electron transport chain reactions, which further leads to oxidation of

nucleic acids, proteins and lipids (Lobo et al., 2010). It could lead to ageing and other

diseases, such as athesrosclerosis, diabetes, brain dysfunction, cirrhosis, cancer,

cardiovascular disease, cataract, and immune-system decline (Ames et al., 1983; Halliwell

and Gutteridge, 2003; Klaus et al., 2011; Khatun et al., 2015). This can be prevented by

reducing oxidative damage using stable contribution of natural products with antioxidant

properties in the human body (Klaus et al., 2011).

Wild mushrooms have drawn more consideration as they can produce secondary metabolites

such as alkaloids, terpenoids, organic acids, phenolic compounds and steroids (Barros et al,

2008; Salem et al., 2013). S. commune is known to produce schizophyllan, a neutral

extracellular polysaccharide, consists of a 1,3-β-D-glucosyllinked backbone of glucose

residues with 1,6-β-D-glucosyl side groups (Klaus et al., 2011). This group is found to have

significant anticancer, antitumor and immunomodulating properties (Smith et al., 2002, Klaus

et al., 2011).

Recent studies have focussed on several edible mushrooms in the world, but there are limited

data in the literature on S. commune which is largely consumed in the northeast India. In this

work, the cultivation technology for wild Schizophyllum commune collected from Murlen

National Park, India was developed. Then the nutritional values, chemical composition,

elemental contents, biomass composition, and bioactive potentials of the wild strain against

the cultivated strain of Schizophyllum commune were evaluated. Evaluation of several

compositions such as macronutrients, free sugars and vitamins including vitamin C and D,

fatty acids, elemental contents, total phenolic content (TPC),  total flavonoid content (TFC)
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and antioxidant activity of their methanolic extracts was performed in order to establish their

potential for human consumption and health.

5.2. Materials and methods

5.2.1 Samples and reagents

Basidiocarps of Schizophyllum commune (Fries) were collected from Murlen National Park,

Mizoram, India (23˚32' - 23˚41'N; 92˚13'- 92˚27'E) (Figure 1a). The basidiocarps were air

dried at room temperature prior to processing was deposited at the Department of

Biotechnology, Mizoram University. All the chemicals and reagents were purchased from

Merck Bio-Science (Pune, India), Hi-Media Pvt. Ltd. (Mumbai, India) and Sigma Aldrich

(Bangalore, India).

5.2.2. Cultivation of S. commune

Preparation of culture and spawn

Pure culture of S. commune was prepared on potato dextrose agar (PDA) medium (Figure

1b). The inoculated petridish were incubated in the incubator at 25±2 0C in the dark for 5-7

days.  The fully grown culture was used for spawn production. Spawn bags were prepared by

mixing local rice grains with 0.5% Calcium carbonate (CaCO3) and 2% Calcium sulphate

(CaSO4). The moisture level was maintained at 65% and fills the 25×17 cm polypropylene

bags with 250g of the mixture. The conical flask was covered with non-absorbent cotton and

tied with a rubber band. The bags were sterilized in an autoclave at 121 0C; 15 psi, for 30 min

and the sterilized flasks were allowed to cool for 24 h. The inoculated S. commune bags were

kept in an incubation room at 25±2 0C. The rice bag was colonized by the growth of
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mycelium within 7-10 days after inoculation. The fully colonized bags were left for

cultivating S. commune.

Preparation of substrate

Saw dust was used for cultivating S. commune and the saw dust was allowed to soak for few

minutes in order to get enough moisture. It was stretched on a polypropylene sheet to remove

excess water and then transferred to 500 g sized polypropylene bags. The bags were sterilized

in an autoclave at 121 0C; 15 psi, for 30 min and kept it cool. The substrate bags were

inoculated separately with the spawn prepared using rice grains. The inoculated bags were

incubated in a dark room at 25±2 0C.

Cropping and harvesting

The sawdust substrate bags were opened after completion of the mycelial growth and soaked

in water for 3-5 min. The light, temperature and relative humidity were maintained at 20-25

0C, 75-80% and about 180-250 lux, respectively. Carbon dioxide concentration was

maintained manually.
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Figure 1a. Schizophyllum commune collected from Murlen National Park, Mizoram,

India

Figure 1b. Schizophyllum commune on Potato Dextrose Agar
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5.2.3. Nutritional value

The samples were analysed for their chemical composition such as moisture, proteins, fat,

ash, carbohydrates, crude fibre, energy, sugars, Vitamin C and D using the AOAC procedures

(AOAC, 1995). The crude protein content (N × 4.38) of the samples was recorded using

macro-Kjeldahl method; the crude fat content was checked by extracting a known weight of

powdered sample with petroleum ether, using a Soxhlet apparatus; the ash content was

considered by incineration at 600 ± 15 0C. Total carbohydrates were calculated by difference

and total energy was determined using the following equation: Energy (kcal) = 4 × (gprotein +

gcarbohydrate) + 9 × (gfat).

5.2.4. Fatty acid profiling

The sample preparation for FAME analysis was carried out as per the modified method of

Morrison and Smith (1964). About 0.3 g of well dried and powdered sample was added with

6 ml of 0.5N KOH and the mixture was placed on hot plate steam bath for 15 to 20 min. After

thorough homogenizing, 8 ml of borontrifluoride was added and heated for 2 min followed

by cooling to room temperature. Petroleum spirit (10 ml) was added by shaking the

homogenized sample gently along with saturated sodium chloride solution and allowed to

settle for 15 to 20 min. A layer was separated and the upper phase was used for injection in

GC for FAME analysis.

Composition of fatty acids was determined by gas-liquid chromatography with flame

ionization detection (GLC-FID)/capillary column. The temperatures of the injector and

detector were 250 0C. The column temperature was 140 0C, for a 5 min hold, and then

programmed to increase to 220 0C at a rate of 4 0C/min and then held for 10 min. The split

ratio was 1:50, and the injected volume was 1.0 L. The results are expressed in relative
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percentage of each fatty acid, calculated by internal normalization of the chromatographic

peak area. Fatty acid identification was made by comparing the relative retention times of

FAME peaks obtained from a fatty acid mixture of 40 FAMEs (standard 47885-U).

5.2.5. Elemental composition

Elemental content of the samples was determined by Energy Dispersive X-Ray Fluorescence

(Radulescu, 2010) technique, using Xenematrix Ex-3600 Energy Dispersive X-Ray

Fluorescence (ED-XRF) spectrometer having an X-ray tube with Rh anode, operated at 50

kV and 100 µA. 2 g of each sample were pressed manually, without any chemical treatment,

in a plastic vial with Mylar on the bottom. The samples were excited for 300 s, and the

characteristic X-rays were detected by a multichannel spectrometer based on a solid Si-PIN-

Diode X-ray detector with a 140 µm Be window and an energy resolution of 200 eV

evaluated by measuring a certified reference sample NIST SRM 1571-Orchard leaves.

5.2.6. Bioactivity of S. commune methanolic extract

Extract preparation

The lyophilized powder of air dried basidiocarps (1.5 g) was extracted by stirring with 40 mL

of 95% methanol (25±2 0C at 150 rpm) for 24 h and subsequently filtered through filter paper

Whatman No. 4. The residue was then extracted with 20 mL of 95% methanol (25±2 0C at

150 rpm) for 24 h. The combined methanolic extracts were evaporated to dryness at 40 0C

(rotary evaporator BUCHI R-210, Switzerland) and stored at 4 0C until analysis

(Lallawmsanga et al., 2016).
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Determination of total phenolic content (TPC)

Total phenolic content was evaluated using the method given by Singleton et al. (1999). In

brief, 0.5 mL of sample was mixed with 4.5 mL of distilled water and 0.2 mL saturated

solution of Na2CO3; then add 4.3 mL of distilled water in the abovementioned solution. The

reaction mixture was then incubated for 60 min in the dark at room temperature and the

absorbance was measured at 725 nm using a microplate spectrophotometer UV-Vis

(Multiscan GO, Thermo Scientific, MA, USA). The total phenolic content was expressed as

µg of Gallic acid equivalents (GAE) per milligram of dry sample (µg GAE/mg). The

measurements were done in triplicate.

Determination of total flavonoids content (TFC)

The flavonoids content was determined using calorimetric method of aluminium chloride as

previously suggested by Chang et al. (2002). In this, 0.5 mL was mixed with 1.5 mL of 95%

ethanol, 0.1 mL of 10% aluminium chloride, 0.1 mL of 1M potassium acetate and 2.8 mL of

distilled water. The final absorbance was measured after incubation for 30 min in darkness in

room temperature at 415 nm using a microplate spectrophotometer UV-vis (MultiscanTM GO,

Thermo Scientific, MA, USA). The flavonoids content was expressed in mg Quercetin

equivalents per g of dried sample (mg QE/g).

Scavenging Activity of ABTS Radical

ABTS radical scavenging activity was evaluated using the method given by Re et al (1999)

with some modifications. Dissolve 2, 2-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid)

(ABTS) in distilled water for 7 mM concentration. ABTS radical cation (ABTSO+) was

produced by reacting ABTS stock solution with 2.45 mM potassium persulfate (final

concentration) and allowing the mixture to stand in the dark at room temperature for 12 -16 h
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before use. The ABTSO+ solution was diluted with water to an absorbance of 0.70 (±0.02) at

734 nm. The reaction mixture consisted of 0.07 mL of extract and 3 mL of the ABTS radical.

Absorbance was determined in spectrophotometer at 734 nm after incubation for 6 minutes.

The antioxidant activity of the studied samples was calculated using the following equation:

% inhibition = A − AA × 100
Acontrol= Absorbance of negative control at the moment of solution preparation

Asample=Absorbance of sample after 45 min

The IC50 values were calculated from the graph which corresponds to the concentration of the

sample required to scavenge 50% of the ABTS free radical. The IC50 is frequently employed

to express the amount of concentration of extracts required to scavenge 50% of the free

radicals. ABTS and DPPH were expressed as mg/GAE/L.

Carotenoids

β-Carotene and lycopene were evaluated by following a method described by Grangeia et al.

(2011). A fine dried powder (500 mg) was vigorously shaken with 10 ml of acetone-hexane

mixture (4:6) for 1 min and filtered through Whatman No. 4 filter paper. The absorbance of

the filtrate was measured at 453, 505, 645 and 663 nm. β-carotene and lycopene contents

were calculated according to the following equations:

β − Carotene (mg 100ml⁄ ) = 0.216 × A − 1.220 × A − 0.304 × A + 0.452 × ALycopene (mg 100ml⁄ ) = −0.0458 × A + 0.204 × A − 0.304 × A + 0.452 × A
And further expressed in mg per 100 g dry weight (dw).
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Total anthocyanins

Total anthocyanins content in mushroom extracts was determined using a method suggested

by Yahia et al. (2017) with some modifications. 0.2 g of dried powder was homogenized in

10 ml of 80% acetone (2% formic acid) at room temperature. The homogenate was subjected

to sonication for 5 min followed by centrifugation at 12,000 g for 20 min at 4 0C. The

supernatant was collected and an additional extraction was done in the sediment repeating the

same procedure. Both the supernatants were mixed and evaporated at 40 0C using rotary

evaporator. The concentrate was diluted with 25 ml of methanol and made it up to 50 ml with

HPLC grade water. Total anthocyanins content in the mushroom extracts was determined

using by measuring the absorbance at 520 and 700 nm in buffers at pH 1.0 and pH 4.5.

A = [(A520 - A700)pH1.0-(A520-A700)pH4.5]

5.2.7. FT-IR analysis

Both the samples were dried and FT-IR grade potassium bromide (1:20; 0.02 g of sample

with KBr at a final weight of 0.4 g) was added. The samples were grounded in agate pestle

and mortar to acquire pellets by using hydraulic press. The absorbance Fourier transform

infrared (FT-IR) spectra of the samples were analysed using JASCO FT-IR 6800 within the

scanning range of 400-4000 cm-1 and 64 scans per second (Olukanni et al., 2006).

5.2.8. Data analysis

For both the S. commune samples from different origins three parallel samples were analyzed.

The results are expressed as mean values and standard error of mean (SEM).
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5.3. Results

5.3.1. Nutrient composition of S. commune fruiting bodies

Schizophyllum commune collected from Murlen National Park, Mizoram, India was

cultivated from the spawn prepared using local glutinous rice ‘Buhban’ on sawdust substrate

(Figure 2). The results of the nutritional composition obtained for the wild and cultivated S.

commune are shown in Table 1.  The content evaluated includes total carbohydrates ranged

between 71.79 g/100 g dw in the cultivated sample and 70.73 in the wild sample. Crude

protein level was higher in the cultivated sample (16.73 g/100 g dw) as compared to the wild

sample (16.19 g/100 g dw). Total sugar content was recorded 4.26 g/100 g in the wild sample

which was lower than the cultivated sample (4.45 g/100 g dw). The crude fat content was

higher in the cultivated sample (0.81 g/100 g dw) while the wild sample revealed higher

content of crude fibre (3.84 g/100 g dw). The wild sample was observed higher ash content

(5.72 g/100 g dw) while the cultivated sample contain higher moisture (7.25%) and higher

energetic value (357.27 Kcal/100 g). Vitamin C and Vitamin D2 contents were also evaluated

and showed higher concentration in the cultivated sample with 54.98 mg/100 g and 554.1 µg/

100 g respectively.

5.3.2. Fatty acids composition

The composition of fatty acids in the wild and cultivated S. commune was evaluated and it

showed that monounsaturated fatty acids (MUFA) predominated over saturated fatty acids

(SFA) (Table 2). The higher concentration of polyunsaturated fatty acids (PUFA) in the

cultivated sample was due to the high contribution of eicosenoic acid (C20:1). Furthermore,

polyunsaturated fatty acids (PUFA) predominated over saturated fatty acids (SFA) and

monounsaturated fatty acids (MUFA) because of the high contribution of α-linolenic acid
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(C18:3n-3) and Dihomo-γ-linolenic acid (C20:3n-6). The wild sample has shown the higher

level of SFA (27.28%) with the chief contribution of capric acid (C10:0; 5.99), which was

followed by caprylic acid (C8:0; 2.07) and arachidic acid (C20:0; 1.26). This sample in

addition revealed a prevalence of PUFA (52.90%) with α-linolenic acid (C18:3n-3; 10.26)

and Dihomo-γ-linolenic acid (C20:3n-6: 7.95).

Figure 2. Cultivation of Schizophyllum commune on sawdust substrate
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Table 1. Nutritional composition of wild and cultivated S. commune fruiting bodies

expressed in dry weight basis (mean ± SD)

Cultivated S. commune Wild S. commune

Ash (g/100 g dw) 4.48±0.16 5.72±0.21

Proteins (g/100 g dw) 16.73±1.02 16.19±1.11

Fats (g/100 g dw) 0.81±0.06 0.59±0.03

Carbohydrates (g/100 g dw) 71.79±1.09 70.73±1.06

Sugars (g/100 g dw) 4.45±0.16 4.26±0.05

Crude fibre (g/100 g dw) 2.74±0.07 3.84±0.24

Moisture % 7.25±0.00 5.70±0.12

Energy (Kcal/100 g) 357.2±4 357.08±5

Vitamin C (mg/100 g) 54.98±0.92 47.62±0.88

Vitamin D2 (µg/ 100g) 554.1±5.03 484.3±4.87
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Table 2. Fatty acids profiling of wild and cultivated S. Commune

Cultivated S. commune Wild S. commune
C6:0 0.42±0.01 0.03±0.00

C8:0 0.16±0.01 2.07±0.09

C10:0 6.23±0.03 5.99±0.01

C12:0 2.06±0.04 0.31±0.01

C14:0 Nd Nd

C14:1 0.36±0.01 0.04±0.00

C16:0 4.80±0.02 0.05±0.00

C16:1 1.48±0.02 0.10±0.00

C18:0 Nd 0.002±0.00

C18:1n-9 50.03±0.1 0.0005±0.00

C18:2n-6 0.84±0.02 Nd

C18:3n-6 9.10±0.02 0.17±0.01

C18:3n-3 59.53±0.11 10.26±0.04

C20:0 7.56±0.02 1.26±0.0.

C20:1 404.62± 2.97±0.03

C20:3n-6 6.24±0.04 7.95±0.03

C20:4n-6 6.87±0.02 0.19±0.01

C20:5n-3 13.22±0.02 0.49±0.01

C22:0 5.12±0.00 0.09±0.01

C22:1n-9 8.58±0.00 0.17±0.01

C22:6n-3 39.16±0.04 Nd

C24:0 30.69±0.04 Nd

C24:1 17.10±0.02 3.84±0.00

SFA (relative percentage) 8.46±0.1 27.28±0.1

MUFA (relative percentage) 71.51±0.2 19.80±0.1

PUFA (relative percentage) 20.02±0.1 52.90±0.2

Results are expressed on a dry weight basis, except moisture that is expressed as fresh weight. Caproic acid
(C6:0); Caprylic acid (C8:0); Capric acid (C10:0); Lauric acid (C12:0); Myristic acid (C14:0); myristoleic acid
(C14:1); Palmitic acid (C16:0); Stearic acid (C18:0); Oleic acid (C18:1n-9); Linoleic acid (C18:2n-6); γ-
Linolenic acid (C18:3n-6); α-Linolenic acid (C18:3n-3); Arachidic acid (C20:0); Eicosenoic acid (C20:1);
Dihomo-γ-linolenic acid (C20:3n-6); Arachidonic acid (20:4n-6); Eicosapentaenoic acid (C20:5n-3); Behenic
acid (C22:0); Docosenoic acid (C22:1n-9); Docosahexaenoic acid (C22:6n-3); Lignoceric acid (C24:0);
Tetracosenoic acid (C24:1). SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA:
polyunsaturated fatty acids.
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Figure 3a. Fatty Acid profiling of cultivated S. commune

Figure 3b. Fatty Acid profiling of wild S. commune
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5.3.3. Elemental composition

The concentration of 13 elements (Mg, Fe, Cu and Zn) in the fruiting body of wild and

cultivated mushrooms is given in Table 3. All the elemental concentrations were determined

on a dry weight basis. The concentration of various elements ranged from 10.65 – 61.97

mg/kg for Mn, 162.97-1335.9 mg/kg for Fe, 4.45-7.66 mg/kg for Cu and 52.16 -86.62 mg/kg

for Zn. Of all the elemental compositions evaluated, the concentration of iron was the highest

in the cultivated sample (1335 mg/kg) and the least concentration was observed in the wild

sample with 4.45 mg/Kg of copper. The differences in the concentration of elements in the S.

commune evaluated may be a result of variations in the substrate compositions.

5.3.4. Bioactive profiling

Bioactive profiling of wild and cultivated S. commune were assessed by three different assays

measuring total phenolic content, total flavonoid content and scavenging activity of ABTS

radical (Table 4). As shown in the table, the total phenol content (TPC) of the studied S.

commune samples was found ranging from 40.14 to 58.02 mg GAE/g (mg of Gallic Acid

Equivalents per gram of dried sample).

Wild S. commune showed the higher TPC value (58.02 mg GAE/g) as compared to the

cultivated sample (40.14 mg GAE/g). Total flavonoid content (TFC) was quantified as milli-

gram of Quercetin equivalent per gram of extract ranging from 0.522 to 0.644 mg of QAE/g.

The cultivated sample exhibited the higher TFC (0.64 mg of QAE/g) while the wild sample

showed 0.522 mg of QAE/g.

The scavenging activity of ABTS radical in this study, the IC50 values of the wild and

cultivated samples were 6.161 and 6.156 respectively. The lower the IC50 value of mushroom

extract, the higher was their free radical scavenging activity.
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In this study, β-Carotene was not detected in both the wild and cultivated S. commune.

Meanwhile, the lycopene content was found with higher values in the cultivated sample as

compared to the wild sample (0.21 and 0.15 mg/100 g dw respectively). Anthocyanins were

also detected in both the samples with the concentration of 0.47 mg/100g dw (cultivated

sample) and 0.19 mg/100g dw (wild sample) respectively.

5.3.5. FT-IR analysis

The wild and cultivated S. commune samples were evaluated using ATR-FT-IR (Jasco,

Japan). Their different wave numbers, functional groups and their corresponding polymer of

mushroom sample are presented in Table 5. From the result of evaluation, it is clear that the

absence of hemicellulose peak in the wild and cultivated S. commune might be due to

complete solubilization of hemicellulose (Table 6).  Reduction in the peak intensity for lignin

in 1639 cm-1 and 1556 cm-1 respective wave numbers was noticed in both the samples.
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Table 3. Elemental contents of wild and cultivated S. commune

Elements Wild Cultivated

Calcium 1814.89 ± 10.11 2108.31 ± 18.12

Chlorine 579 ± 0.00 579 ± 0.00

Iron 162.19 ± 1.07 313.68 ± 2.96

Copper 7.66 ± 0.03 10.76 ± 0.67

Zinc 52.16 ± 1.63 66.03 ± 1.46

Manganese 61.97 ± 0.79 27.56 ± 1.16

Phosphorus 2944.68 ± 15.68 4501.13 ± 17.41

Potassium 7901.27 8981.29

Srontium 9.70 ± 0.94 8.12 ± 0.16

Sulphur 1093.92 ± 15.75 1258 ± 18.96

Rubidium 14.22 ± 0.30 11.63 ± 0.82

Bromine 1.46 ± 0.53 2.19 ± 0.37

Selenium 0.13 ± 0.01 0.12 ± 0.00
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Table 4. Bioactive profiling of wild and cultivated S. commune (mean ± SD)

Wild S. commune Cultivated S. commune

TPC (µg GAE/mg) 58.02 ± 0.44 40.14 ± 0.61

TFC (µg Quercetin/mg) 0.64 ± 0.00 0.52 ± 0.00

ABTS IC50 (mg/ml) 6.16 ± 0.71 6.15 ± 0.97

β-Carotene (mg/100g dw) Nd Nd

Lycopene (mg/100g dw) 0.15 ± 0.00 0.21 ± 0.01

Anthocyanins (mg/100g dw) 0.19 ± 0.09 0.47 ± 0.10

Table 5. Compositional analysis of lignocellulosic biomass in

wild and cultivated S. commune

Cultivated S. commune Wild S. commune

Hemicellulose (%) 16.83 ± 0.21 16.56 ± 0.16

Lignin (%) 19.04 ± 0.12 30.69 ± 0.19

Cellulose (%) 41.16 ± 0.20 23.76 ± 0.06
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Table 6 Assignment of functional group and their corresponding polymers in wild and

cultivated S. commune

Wave Number

(cm-1)

Assignment/Functional

Group

Polymer

930 Glycosidic linkage Cellulose, hemicelluloses

1035 C-O, C=C, and C-C-O

stretching

Cellulose, hemicellulose,

lignin

1200 O-H bending Cellulose, hemicelluloses

1556 Aromatic ring vibration Lignin

1639 C=O stretching

(unconjugated)

Lignin

1740 Ketone/aldehyde C=O stretch Hemicellulose

2937 C-H stretching Lignin
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Figure 4a. FTIR analysis of cultivated S. commune for different wave numbers,

functional groups and their corresponding polymer

Figure 4b. FTIR analysis of wild S. commune for different wave numbers, functional
groups and their corresponding polymer
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5.4. Discussion

Mushrooms have been consumed for its delicacy and are known for their nutritional

composition. Mushrooms contain amino acid compositions that are comparable to plant

proteins (Kong et al., 2016). Like other mushrooms, S. commune is a rich source of proteins,

vitamins, lipids and mineral elements but are low in fats and sugars (Nasreen et al., 2015).

The moisture content of the cultivated sample was recorded higher than the wild sample (5.7

g/100g dry weight) which was closely similar with the previous record by Longvah and

Deosthale (1998).

Meanwhile, Kumar et al. (2013) recorded the highest moisture content of S. commune (12.90

g/100g dry weight). Total carbohydrates and crude proteins are the dominant compounds

with low fat contents in this study. It indicates that both the wild and cultivated S. commune

studied could be considered as natural sources of proteins and carbohydrates with low fats

content. This is closely similar with the previous reports (Longvah and Deosthale, 1998;

Kumar et al., 2013) while the protein (6.1 g/100g) and carbohydrate (35.39 g/100g) contents

were relatively low in the report of Herawati et al. (2016).

Vitamin C and D2 contents were also recorded in our study with a concentration ranging from

47.62-54.98 mg/100g and 484.3-554.1µg/100g respectively. The concentrations of Vitamin C

in the samples studied were more as compared to the report given by Agrahar-Murugkar and

Subbulakshmi (2005) that ranged from 14.9 – 41.9 g/100 mg. Vitamin D2 analogues may be

used to replace vitamin D3 analogues as the hypercalcemic effect limits its therapeutic

application.  Consumption of Vitamin D2 on our daily diet is of the extreme importance as

they do not have hypercalcemic effects (Mawer et al., 1995; Reis et al., 2016). Therefore

studies on vitamin D2 could be useful in future clinical applications.
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Regardless of the variations in the individual composition of fatty acids in S. commune

studied, the total percentages obtained for SFA, PUFA and MUFA were also reported in the

previous studies (Kalogeropoulos et al., 2013; Heleno et al., 2015). Determination of heavy

metal composition in mushrooms is necessary as mushroom plays an important role in diet.

Mushrooms have a capacity to accumulate certain elements from their substrates but their

composition varies from one another depends upon the substrates. Manganese is an essential

element and it is essential for our biological systems as its presence in metalloproteins (Unak

et al., 2007). In the present study, the concentration of Mn is higher in the cultivated sample

(61.97 mg/kg) than in the wild sample (10.65 mg/kg) and the certified value (12.00 mg/kg).

Iron is one of the most important elements for almost all living organisms which participate

in a wide variety of metabolic processes, including oxygen transport, DNA synthesis, and

electron transport (Abbaspour et al., 2014). An adequate amount of iron helps prevent the

incidence of anaemia while its deficiency could lead to high menstrual loss and pregnancy

(Lynch and Baynes, 1996; Zhu 2011). Meanwhile, high concentration of iron may lead to

formation of free radicals which further to results in tissue damage. We have recorded higher

concentration of iron from cultivated S. commune (1335.9 mg/kg) and a lower concentration

in wild sample (162.97 mg/kg). The reported iron values for mushroom samples were 146–

835 mg/kg (Tüzen 2003), 56.1– 7,162 mg/kg (Mendil et al., 2004), 110–11,460 mg/kg

(Yamaç et al., 2007), 180–407 mg/kg (Isıloglu et al., 2001).

Copper is a key component of metalloenzymes and is essential for haemoglobin production

and metabolic growth catalysis (Silvestre et al., 2000; Gebrelibanos et al., 2016). The

concentration of copper recorded in this study ranging from 4.45-7.66 mg/kg is lower than

the safe limit suggested by the World Health Organization (WHO) (40 mg/kg) (WHO 1982).

Zinc is essential for the catalytic activity of several enzymes and is important for the function

of immunity, synthesis of proteins and DNA, and cell division (Solomons 1998). It is
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required to consume zinc in our daily diet to keep a stable condition as there is no particular

zinc storage system in the body (Rink and Gabriel, 2000). We recorded a higher

concentration in the wild sample of S. commune (86.62 mg/kg) as compared to the safe limit

of zinc in foods suggested by WHO is 60 mg/kg (WHO 1982).

The antioxidant activity of plant materials are known to have correlated with their phenolic

compound content (Velioglu et al., 1998; Kang et al., 2010; Woldegiorgis et al., 2014). So it

is important to study the effect of the total phenolic content on the antioxidant activity of the

mushroom extracts as it is one of the major antioxidant compounds in mushrooms (Ferreira et

al., 2009). Reducing agents such as ascorbic acid and flavonoid are also found to contribute

in lower concentrations (Lallawmsanga et al., 2016). Our study is in consistent with the total

phenolic content ranging from 2.09 to 10.51 mg GAE/g extract, 0.83-42.21 mg GAE/g

extract, 8.66-31.64 mg GAE/g, 2.72 – 8.95 mg GAE/g (Woldegiorgis et al., 2014).

Flavonoids are known to display a wide range of pharmacological and biochemical actions

including antimicrobial, antithrombic, antimutagenic and anticarcinogenic activities (Cook

and Samman, 1996; Barros et al., 2007). The flavonoid content of mushrooms in this study is

in conformity with the USDA report that mushrooms are considered as non-sources of

flavonoids. The bioactivity of mushrooms varied from one species to another and is greatly

affected by the solvent used for extraction due to their ability to extract bioactive substances

(Kosanic et al., 2016; Lallawmsanga et al., 2016). The differences in geographical locations

may also influence the bioactive properties of wild mushrooms which could be due to their

differences in relation with growth conditions, genetic factors, geographical variations and

analytical procedures (Dursun et al., 2006; Munkhgerell et al., 2013; Fernandes 2016;

Lallawmsanga et al., 2016).



Chapter V Comparative study on….. cultivated S. commune

Exploration and utilization…...Dampa Tiger Reserve of Mizoram Page 131

Regarding the polymeric substances, the composition in the wild and cultivated S. commune

were ranging from 23.76 - 41.16% of cellulose, 19.04 – 30.69% of lignin and 16.56 – 16.83%

of hemicellulose (Table 4). Similar results were also reported in the previous studies

(Ragunathan et al., 1996; Ragunathan & Swaminathan, 2003).
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Mushrooms have been known to have a strong connection with humankind since the

ancient times. It has been consumed for their desirable taste, delicacy and pleasing

flavour (Das, 2010). They have a capability to provide biological and economical

benefit. They are rich in nutrients such as proteins, vitamins, minerals, fibre, trace

elements but low in calories and cholesterol content (Lallawmsanga et al., 2016).

Apart from their nutritional values, it has been used in folk medicine for thousands of

years. Furthermore, some of the mushrooms are well-known as neutraceuticals (a

natural food that has prospective significance in maintaining good health and

boosting immunity in the human body) or nutriceuticals (compounds that have both

nutritional and medicinal attributes and are usually consumed as medicines in the

form of capsules or tablets) (Elmastas et al., 2007; Ribeiro et al., 2007).

On the other hand, mushrooms are rich sources of different bioactive substances such

as antibacterial, anticancer, anticoagulant, anti-diabetic, antifungal, anti-

inflammatory, antioxidant, anti-parasitic, anti-proliferative, antitumour, antiviral,

anti-HIV, cytotoxic, hepatoprotective and hypocholesterolemic (Thatoi and

Singdevsachan, 2014). There are over 14,000 mushroom species described

worldwide, but only about 2,000 species are nontoxic for human consumption and

about 650 species are having medicinal potential (Rai et al., 2005). Mushrooms play

a vital role in developing countries like India with its richness in biodiversity as it has

a high potential to benefit the food and medicine industries (Rai et al., 2005; Sheena

et al., 2005; Wani et al., 2010).

The present study aims to assess biodiversity of wild mushroom two protected

forests such as Dampa Tiger Reserve and Murlen National Park of Mizoram. Totally

231 wild mushrooms were documented from the abovementioned forests. The
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collected wild mushrooms are grouped into 64 genera that belong to 36 families, 14

orders and 06 classes based on their morphological characteristics. All the

mushrooms were further grouped into two Phylum Basidiomycota (n=221, 95.67%)

and Ascomycota (n=10, 4.32%) and the most common mushrooms identified are

genus Agaricus, Calocybe, Lactarius, Pholiota, Pleurotus, Cantharellus, Russula,

Schizophyllum, Lentinus, Boletus, Termitomyces and Trametes. It is clear from the

relative abundance that Boletus was the most abundant genus in both the forests with

20.16 (DTR) and 12.1 (MNP) respectively. The abundance of genus Russula and

Amanita were higher in DTR as compared to MNP while genus Mycena and

Trametes were dominant in MNP. In addition, there were 19 genus found common in

both the studied locations; and two rare genus Cookeina and Favolaschia were also

recorded in this study.

Seventy-six isolates grown on artificial media were screened for their antimicrobial

activity against three bacterial pathogens (Staphylococcus aureus: MTCC-96;

Escheridia coli: MTCC-739; Pseudomonas aeruginosa: MTCC-2453), three fungal

pathogens (Fusarium oxysporum: MTCC-2946; Fusarium proliferatum: MTCC-286;

Fusarium oxy f. sp. ciceri: MTCC-2791) and a yeast pathogen (Candida albicans:

MTCC-3017). Out of which, forty-five isolates exhibited positive growth inhibitory

activity against at least three fungal pathogens and all the isolates showed positive

activity against Fusarium oxy f. sp. ciceri and F. oxysporum. In the evaluation of

antibacterial activity, thirty-seven isolates exhibited positive activity against two

pathogens of the three bacterial pathogens tested. Among the 76 isolates evaluated

for their antimicrobial potential, 45 isolates that showed significant activities were

further subjected for the amplification of ITS rRNA and this study classified the

isolates into 16 genera and 11 families. Genotypic variation of the selected 45
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isolates was studied using 11 RAPD and 10 ISSR primers which yielded 337 and 312

bands.

Of all the mushrooms documented from the two selected forests, six edible

mushrooms are further studied for their nutritional values which includes

Schizophyllum commune BPSM01, Panus giganteus BPSM27, Pleurotus sp.

BPSM34, Lentinus sp. BPSM37, Pleurotus djamor BPSM41 and Lentinula sp.

BPSM45. The three mushrooms - S. commune BPSM01, Pleurotus sp. BPSM34 and

Panus giganteus BPSM27 showed almost the same level of protein contents such as

30.3, 34.3 and 35.59 g/100 dw respectively. Panus giganteus BPSM27 showed the

highest carbohydrates content with 80 g/100g dw while Pleurotus sp. BPSM34

revealed the lowest fat content (2.32 g/100g dw). These six edible mushrooms are

evaluated for their bioactive potential by using three different assays such as total

phenolic contents, total flavonoid content and scavenging activity of ABTS radical.

S. commune BPSM01 exhibited the maximum TPC of all the studied mushrooms

(55.19 mg GAE/g) which was followed by Pleurotus djamor (BPSM41) and

Pleurotus sp. (BPSM34) with 52.27 and 41.44 mg GAE/g, respectively. The highest

TFC was recorded in P. djamor BPSM41 (0.744 mg QAE/g); followed by Lentinula

sp. BPSM45 and Pleurotus sp. BPSM34 with 0.652 mg QAE/g and 0.528 mg

QAE/g, respectively. In addition, the methanolic extracts of S. commune BPSM01

and Pleurotus djamor BPSM41 revealed significant antioxidant activities in this

study.

Dried powder of six edible mushrooms was analyzed in ATR-FT-IR (Jasco, Japan)

for their composition of polymeric substances such as lignin, cellulose and

hemicellulose. The peak intensity of hemicellulose that revealed wave number 1740
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cm-1 with functional group of ketone/aldehyde C=O stretch was decreased heavily in

P. giganteus BPSM27 than S. commune BPSM01, it showed that solubilization of the

hemicellulose occured in P. giganteus BPSM27. It also revealed that the absence of

hemicellulose peak in Pleurotus sp. BPSM34, Lentinus sp. BPSM37 and Lentinula

sp. BPSM45 could be due to complete solubilization of the hemicelluloses. It also

showed the considerable reduction of the lignin peak intensity in S. commune

BPSM01 at wave number 2937 cm-1 with a functional group of C-H stretching. In

that order, it also revealed the reduction in lignin peak intensity of wave number

1639 cm-1 a.nd 1556 cm-1 in S. commune BPSM01 and Lentinus sp. BPSM37.

Lentinula sp. BPSM45 and P. djamor BPSM41 showed functional groups that

represent cellulose and hemicellulose at wave numbers 1200 cm-1.

The second study targets the potential mushroom with high laccase activity to be

employed for decolorization of synthetic dyes from azo and triphenylmethane

groups. For this study, we first screened the 45 selected isolates in the first study for

their laccase activity and eight isolates that showed laccase substrate oxidation

capacity more than 1.5 mm were further subjected for quantification of laccase. The

organism Pleurotus pulmonarius BPSM10 was observed with the highest laccase

activity with 143.50 Uml-1. Several inducers of enzyme production such as guaiacol,

xylidine and copper sulphate were used as supplements in the two media – potato

dextrose broth (PDB) and malt extract broth (MEB) to enhance the laccase enzyme

activity of Pleurotus pulmonarius BPSM10. MEB which is supplemented with

xylidine showed maximum laccase activity that was increased 2.8 times (349.5 U ml-

1) as compared to control (122 U ml-1), while increase in 1.9 times (286 U ml-1) was

recorded using PDB media supplemented with xylidine. Decolorization potential of
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P. pulmonarius BPSM10 was evaluated with seven synthetic dyes from azo and

triphenylmethane groups.

The organism used in this study, P. pulmonarius BPSM10 decolorized malachite

green up to 68.61% within 1st hour of enzyme incubation. In the meantime,

coomassie brilliant blue, congo red, naphthol blue black, orange G and were

decolorized with a rate of 20.49%, 48.59%, 46.2% and 42.09% respectively. The

decolorized malachite green was compared with the untreated dye using FT-IR

analysis. The malachite green treated with mushroom laccase showed the spectral

changes and reduction in intensity of the peaks at wave numbers 1610-1630 and

1358 cm-1 as compared to control (untreated dye). It also revealed the breakdown of

azo groups and its corresponding bonds that includes the conjugates that might have

attached with the dye. It is shown in the treated sample that a significant reduction in

the intensity at wave number 1642 cm-1 compared to control recommended that the

conjugate molecule such as carboxylic group at aromatic ring might have reduced or

transformed.

In the last portion of this study, we designed a cultivation method for Schizophyllum

commune collected from Murlen National Park, Mizoram. Schizophyllum commune,

also known as split gills mushroom, is one of the most common edible mushrooms in

Mizoram and its neighbouring states in the north-eastern part of India. Thus, we

evaluated the nutritional composition, elemental compositions, biomass content and

bioactive properties of the cultivated and the wild S. commune. This study includes

the assessment of various compositions such as macronutrients, free sugars, fatty

acids, vitamin C and D, elemental composition, carotenoids and anthocyanins, total
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phenolic content, total flavonoid content, and antioxidant activity of their methanolic

extracts to provide detailed information for human consumption and health benefits.

The concentration of total carbohydrates in the cultivated Schizophyllum commune

(71.79 g/100g dw) was higher than the wild sample (70.73 g/100g dw). Likewise the

crude proteins, total sugar, moisture and crude fats contents were higher in the

cultivated sample as compared to the wild sample. The analysis of vitamin C and D2

contents revealed the higher concentration in the cultivated sample with 54.98

mg/100 g and 554.1 µg/ 100g respectively. Regarding the concentration of fatty acids

in the wild and cultivated mushrooms, it showed that the higher concentration of

polyunsaturated fatty acids (PUFA) in the cultivated sample was due to the high

contribution of eicosenoic acid (C20:1).

Meanwhile, the wild sample revealed the higher concentration of SFA (27.28%)

with the chief contribution of capric acid (C10:0; 5.99) followed by caprylic acid

(C8:0; 2.07) and arachidic acid (C20:0; 1.26). Besides the concentration of various

elements including heavy metals was measured using by Energy Dispersive X-Ray

Fluorescence (EDXRF) technique and the level of various elements ranged between

10.65 – 61.97 mg/kg in Mn, 162.97-1335.9 mg/kg in Fe, 4.45-7.66 mg/kg in Cu and

52.16 -86.62 mg/kg in Zn. Of all the elemental compositions evaluated, the

maximum concentration was observed in iron with a concentration of 1335 mg/kg in

the cultivated sample and the least concentration was observed in the wild sample

with 4.45 mg/Kg of copper. Among the Schizophyllum commune from different

origins evaluated, the TPC was observed higher in the wild sample (58.02 mg

GAE/g) as compared to the domesticated sample (40.14 mg GAE/g). On the other

hand, the cultivated sample revealed higher TFC (0.64 mg of QAE/g) than the wild



Chapter VI Summary

Exploration and utilization…...Dampa Tiger Reserve of Mizoram Page 138

sample (0.522 mg of QAE/g). The scavenging activity of ABTS radical in this study

revealed the IC50 value of the wild and cultivated samples with 6.161 and 6.156

respectively.

The lycopene content was recorded higher in the cultivated sample as compared to

the wild sample (0.21 and 0.15 mg/100 g dw respectively) and the anthocyanins

contents were also detected in both the samples with a concentration of 0.47

mg/100g dw in the cultivated sample and 0.19 mg/100g dw in the wild sample.

Finally, the two samples were compared for their composition of biomass contents

and the result showed that both the samples revealed decrease in the peak intensity

for lignin in 1639 cm-1 and 1556 cm-1 respective wave numbers was noticed in both

the samples.
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Mushrooms in Dampa Tiger Reserve and Murlen National Park of Mizoram, India

represent an important and quantifiable component of mushroom biodiversity. India

is a country with diverse habitat regardless of the variations in ecological

environment, it host for diverse mushrooms that are of high values in nutritional and

medicinal aspects (Thatoi and Singdevsachan, 2014). However, many of the wild

mushroom species are on threat due to deforestation and overexploitation by human

activities. Preservation of these mushrooms both in situ as well as ex situ with the

help of biotechnological applications is highly recommended as there are several

regions still remains unexplored, especially in the north-eastern region of India.

Besides its importance in the ecosystem dynamics,  several mushrooms known to

possess various kinds of bioactive potentials like antifungal, antiviral, antiparasitic,

antiinflammatory, antibacterial, anticoagulant, antiproliferative, anticancer,

antitumour, cytotoxic, antioxidant, anti-HIV, hypocholesterolemic, antidiabetic,

hepatoprotective and some other properties.

In this study, the two protected forests in India such as Dampa Tiger Reserve and

Murlen National Park were assessed for their biodiversity of mushrooms. In total we

documented 231 wild mushrooms from the abovementioned forests and this is the

first checklist of mushroom biodiversity in these regions. The antimicrobial activity

evaluated revealed that Microporus sp. and Schizophyllum commune showed

significantly high antimicrobial properties. Further assessment of these wild

mushrooms is highly recommended for the production of novel drugs and medicines

to achieve low cost, lesser side effect treatment and to prevent recurrent infections.

Some of the mushrooms evaluated could further be processed for producing

biocontrol agents based on their antimicrobial activities recorded in this study. A
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practical suggestion in this study is that employing the combination of different

molecular markers provides more information on the genetic diversity of wild

mushrooms studied from the two selected forests. The forty-five wild mushrooms

characterized using molecular technique in this study that are analyzed by combined

RAPD/ISSR marker revealed the efficiency and reliability of the methods applied in

this study.

Furthermore, this study has further clarified the medicinal value as an accessible

source of natural antioxidants. Clinical evaluation of wild mushrooms through in

vivo based research is also recommended. The methanolic extract of edible

mushrooms evaluated showed a considerable amount of phenolic contents and also

exhibited significant antioxidant properties.  Hence, our study suggests that these

wild edible mushrooms can be used as an alternative source of natural antioxidants

for cosmetic and pharmaceutical industries. Mushrooms have the capability to

accumulate various types of elements and this includes essential minerals in the

human diet such as calcium, magnesium, potassium, phosphorus and sodium. This

study also revealed mushrooms being known as potassium rich food. Its high

concentration of potassium with lower level of sodium is recommended for the

utilization of mushrooms in the antihypertensive diet (Cvetkovic et al., 2015). In the

meantime, the level of heavy metals in mushrooms is increasing with the increase in

pollution from all sources including air pollution from vehicles and landfills of

sewage sludge. Therefore, it is important to evaluate the mushrooms when it comes

to consumption for food because of the potential risk to human health.

The mushrooms evaluated in this study proved to be rich sources of proteins,

carbohydrates, minerals and bioactive compounds (phenolic and other compounds).

Both the wild and cultivated Schizophyllum commune revealed a high nutritional
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value along with significant amount of MUFA and PUFA, Vitamin C and D2.

Therefore, the mushrooms studied in this work corroborate the statement of

mushrooms as health foods. In addition, they have the ability to develop in diverse

climatic circumstances on inexpensive and readily available waste substances

(Sanchez, 2010). Schizophyllum commune is one of the most common wild edible

mushrooms consumed in this region and this cultivation method will open a door for

many people to make a living, and help furthermore in providing cleaner

environment with the consumption of bio-waste as a substrate for cultivation.

Additionally, decolorization of synthetic dyes, that are disposed from the industries

as effluents, is important as these dyes in high concentration become toxic,

carcinogenic and harmful to the living organisms. Mushrooms are known to have a

capability to decolorize various synthetic dyes that are extensively used in industries.

In this study we have assessed the dye decolorizing ability of laccase enzyme

produced by mushrooms and recorded that the wild mushroom, Pleurotus

pulmonarius, has the capacity to decolorize various synthetic dyes from azo and

triphenylmethane dyes particularly high concentration of malachite green under

shaking conditions. This makes P. pulmonarius an excellent choice for

decolorization of malachite green.
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Conference/Seminar /Workshop Attended

Conference/Seminar

 Lallawmsanga, Bhim Pratap Singh*. Presented a poster entitled “Comparative

study on nutritional quality, chemical composition and bioactive properties of

wild and domesticated Schizophyllum commune” in the 5th Bioprocessing India

held at IIT Guwahati, India from 9th to 11th December, 2017 organized by Department

of Biosciences and Bioengineering, IIT Guwahati, Assam, India.

 Lallawmsanga, M. Sudarshan, Bhim Pratap Singh*. Presented a poster entitled

“Evaluation of essential elements and heavy metal levels in fruiting bodies of wild

edible mushrooms from Mizoram, India” in the Mizoram Science Congress held at

Mizoram University, Aizawl, Mizoram, India from 13th to 14th October, 2016

organized by Mizo Academy of Sciences.

 Lallawmsanga, M. Sudarshan, Bhim Pratap Singh*. Presented a poster entitled

“Schizophyllum commune Fries from different origins: A comparative study of

their nutritional value and elemental contents” in the 57th Annual Conference of

Association of Microbiologists of India “International Symposium on Microbes and

Biosphere: What’s New What’s Next” held in Gauhati University, Guwahati, Assam,

India from 24th to 27th November, 2016 organized by Department of Botany, Gauhati

University and The Institute of Advanced Study in Science and Technology (IASST),

Guwahati, Assam, India.

 Lallawmsanga, Bhim Pratap Singh*. Presented a poster entitled “Assessing

biodiversity of wild mushrooms in Mizoram, Northeast India” in the 8th

International Conference on Mushroom Biology and Mushroom Products held in
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NASC Complex, new Delhi, India from 19th to 22nd November, 2014 organized by

World Society of Mushroom Biology and Mushroom Products, ICAR-Directorate of

Mushroom Research and Mushroom Society of India.

 Lallawmsanga, Bhim Pratap Singh*. Presented a poster entitled “Use of local

glutinous rice (Buhban) for the mushroom spawn production in Mizoram,

Northeast India” in the 8th International Conference on Mushroom Biology and

Mushroom Products held in NASC Complex, new Delhi, India from 19th to 22nd

November, 2014 organized by World Society of Mushroom Biology and Mushroom

Products, ICAR-Directorate of Mushroom Research and Mushroom Society of India.

 Attended Seminar on “Science for Nation Building” organized by Mizo Academy of

Sciences catalyzed and supported by the National Council for Science and

Technology Communication, Department of Science and Technology, New Delhi on

1st October, 2015 at Synod Conference Centre, Aizawl, Mizoram.

 Attended India-UK Scientific Seminar on “Structural Elucidation of Microbial

Natural products: Opportunities and Challenges” organized by the Department of

Biotechnology, Mizoram University, India jointly funded by the Department of

Science and Technology (DST), Govt. of India, New Delhi and The Royal Society,

London, United Kingdom on 15th to 17th January, 2014.

Workshop participated

 Workshop on “Antibiotic Awareness and Infection Control Program” (14th

November, 2017) held at the Department of Biotechnology, Mizoram University

organized by State Biotech Hub, Department of Biotechnology, Mizoram University

sponsored by Department of Biotechnology, Government of India, New Delhi.
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 Workshop on “Science Communication SciComm 101” (6th June, 2017) held at the

Department of Biotechnology, Mizoram University organized by The Wellcome

Trust/DBT India Alliance and Department of Biotechnology, Mizoram University.

 Workshop on “Browsing Genome with Ensembl” (30th May, 2015) jointly organized

by Department of Biotechnology, Mizoram University sponsored by Bioinformatics

Infrastructure Facility, Department of Biotechnology, Government of India, New

Delhi.

 Workshop on “Molecular Docking and Virtual Screening” (2nd to 4th October,

2014) jointly organized by Bioinformatics Infrastructure Facility, Department of

Biotechnology, Mizoram University and Schrodinger Bangalore sponsored by

Department of Biotechnology, Government of India, New Delhi.

 Workshop on “Biostatistics using SigmaPlot” (27th June, 2014) at Department of

Biotechnology, Mizoram University organized by Bioinformatics Infrastructure

Facility sponsored by Department of Biotechnology, Government of India, New

Delhi.

 Resource person in the Workshop on “Techniques in Molecular Biology and

Bioinformatics” (26th to 31st January, 2014) at Department of Biotechnology,

Mizoram University organized by DBT-State Biotech Hub and Bioinformatics

Infrastructure Facility sponsored by Department of Biotechnology, Government of

India, New Delhi.

Training

 Attended a training on “Mushroom Production Technology” (21st to 22nd January

2016) organized by Department of Biotechnology, Mizoram University, India
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sponsored by ICAR-Directorate of Mushroom Research (ICAR-DMR), Himachal

Pradesh, India

 Resource Person in an Outreach Program of Mizoram University on “Livelihood

Enhancement of Rural Women  (SHG Members) through Training on

Mushroom Cultivation” (13-14th June, 2018) jointly organized by Mizoram State

Rural Livelihoods Mission, Rural Development Department, Govt. of Mizoram,

Human Resource Development Centre, Mizoram University and Department of

Biotechnology, Mizoram University.
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List of Publications

1) Antimicrobial potential, identification and phylogenetic affiliation of wild mushrooms

from two Sub-tropical Semi-evergreen Indian forest ecosystems (PLoS ONE)

2) Biology of Macrofungi, Springer International Publishing AG, Gewerbestrasse 11,

6330 Cham, Switzerland (ISBN 978-3-030-2622-6)

3) Enhanced production of laccase by a white rot fungus Pleurotus pulmonarius

BPSM10 exhibiting dye decolorizing potential (Communicated)

4) Comparative study on nutritional quality, chemical composition and bioactive

properties of wild and domesticated S.commune (Communicated)
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Patents

1) Bhim Pratap Singh, Lallawmsanga, Ajit Kumar Passari, Vincent Vineeth

Leo. Laccase from Pleurotus pulmonarius with synthetic dye decolorization

potential. Application Number: 201831034933

2) Bhim Pratap Singh, Lallawmsanga, Ajit Kumar Passari. Development of

cheap method for mushroom spawn production with less energy consumption.

Application Number: 201831034936
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