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I. INTRODUCTION

Fungi encompass the largest biotic community after insects
with its number exceeding 27,000 species (Sarbhoy et al.,
1992).They colonize, multiply and survive in diversified
habitats, viz. water, soil, air, litter, dung, foam, etc. Being
ubiquitous and cosmopolitan in distribution they occupy all
niches ranging from tropics to poles and mountain tops to
the deep oceans (Hawksworth, 1991). The kingdom of fungi
contains 1.5 million fungal species, of which 74,000 species
are named. Several of the described species are known only
as dead herbarium material while a mere 5% of species are
isolated and available as pure cultures (Manoharachary et
al., 2005). They are important sources of biotechnological
products being used in many industrial fermentation
processes, such as the production of enzymes, vitamins,
pigments, lipids, glycolipids, polysaccharides and
polyhydric alcohols (Adrio and Demain, 2003). During the
past few decades, major advancements in medicine have
arisen from lower organisms such as molds, yeasts and the
other diver's fungi. Fungi are extremely useful in making
high value products like mycoproteins and act as plant
growth promoters and disease suppressors. Fungal
secondary metabolites find their wide applications in
agriculture, health and nutrition and have tremendous
economic impact. In addition to this, fungi are extremely
useful in carrying out biotransformation processes.
Recombinant DNA technology, which includes yeasts and
other fungi as hosts, has markedly increased market for
microbial enzymes. Today, fungal biotechnology occupies a
major position in the global industry due to its immense
potential.

This template, modified in MS Word 2007 and saved as a
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Il. Fungal secondary metabolites

Natural product chemistry envelopes the study of an
arsenal of compounds secreted by living organisms. Fungi
are rich sources of thousands of secondary metabolites,
which are low-molecular weight compounds (the number of
the described compounds exceeds 100,000) being usually
regarded as non essential for life and whose roles are quite
versatile (Perez-Nadales et al., 2014). Secondary metabolites
are widely defined as those organic compounds which are
not directly involved in primary metabolic processes such as
cell growth, cell division, cell respiration or photosynthesis
(Keller et al., 2005). They are also derived from a few
common biosynthetic pathways which branch off from the
primary metabolic pathways and are often produced as
families of related compounds, often specific for a group of
organisms (Dewick, 2009; Hartmann, 2007).

A plethora of secondary metabolites (SMs) are produced
by Fungi whose complexity and diversity is sometimes
surprising. Fungal secondary metabolites have been of
interest for humans for thousands of years. Fungal SMs can
be categorized into four main chemical classes: polyketides,
terpenoids, shikimic acid derived compounds, and non-
ribosomal peptides. In addition to these, hybrid metabolites
composed of moieties from different classes also occur, as in
the meroterpenoids, which are fusions between terpenes and
polyketides (Pusztahelyi et al., 2015).

I11. Fungal metabolites as herbicides

Weeds cause enormous losses in crop yields both in
quantity and quality besides they create health and aesthetic
problems (Oerke,2006; Gadermaier et al., 2014; Kuester et
al., 2014). A vast number of physical and chemical strategies
have been employed to combat these natural hazards.
Incessant use of synthetic agrochemicals to control weeds
and to meet the burgeoning food demands has led to grave
environment and health hazards (Waggoner et al., 2013;
Gaba et al., 2017). These pose risk to non-target organisms
including humans leading to societal and scientific concern
agrichemicals exhibit residual toxicity resulting in high
incidences of various types of cancers, hormonal and
immunological disorders and allergies apart from their ill
effects on reproductive system (Pandey 1998; Pandey et al.,
2003). Since the xenobiotics are accompanied with several
toxic effects, nowadays more emphasis has been focused on
suppression of weed population to subeconomic and sub-
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lethal levels rather than their complete eradication (Saxena
and Pandey, 2001). More initiatives are being taken towards
the use of non-hazardous, ecofriendly and innovative
alternatives. Thus, there is an enormous potential for
screening of new secondary metabolites with applications in
agrochemical and pharmaceutical industry.

Biological control proves to be the only cost-effective,
environmentally benign and ecologically viable method
available for the control of deadly weeds (Muller-Scharer et
al., 2000). Weeds impose deleterious economic effects on
humans and livestock. Microbial products tend to offer a
non-chemical alternative in controlling noxious, invasive and
pernicious weeds. Microbial secondary metabolites or
agribiologicals are biotechnological products, which have
provided new incentives for natural herbicidal products
research. They are environmentally and toxicologically
benign in comparison to traditional chemical herbicides.

Plant pathogens have long been considered to produce
toxic substances that play a major role in pathogenesis.
Phytotoxicity of secondary metabolites of plant pathogens is
well known. Phytotoxins are defined as microbial
metabolites that are harmful to plants at very low
concentrations (Hoagland, 1999; Vikrant et al., 2006). Most
of the plant pathogenic fungi produce toxins in vitro cultures
and on in vivo host. Phytotoxins avoid the environmental
problems as encountered by use of chemicals. Extensive
survey of literatures on phytotoxic metabolites clearly
indicates that extensive work has been done on the role of
toxins involved in diseases of economically important crops
and on weeds (Harding and Raizada 2015). The secondary
metabolites appear to be a lucrative source of novel
structures having unique mode of action which could be
exploited as commercial herbicides directly or as their
derivatives (Abbas et al., 1992; Quereshi et al., 2011; Duke,
2012). Several microbial products viz.,, Bialaphos,
Gulfosinate, Tentoxin, Cornexistin, AAL-toxins, Fumonisin,
Moniliformin, Macrocidins etc have been successfully
exploited for the management of many weeds (Hoagland,
2001; Barbosa et al., 2002;Mo et al., 2014).

Among the microorganisms, since fungi are the most
common pathogens of plants and therefore for weeds, the use
of phytopathogenic fungi in biological control of weeds may
represent a promising alternative to the use of chemicals or
in Integrated Weed Management Systems (IWMS) (Hasan
and Ayres, 1990). An effective approach to weed biocontrol
is the use of toxic metabolites produced by weed pathogens,
in addition or in alternative to the pathogen, or in integrated
weed control programs. The replacement or the integration of
traditional chemical control methods to plant disease by the
use of microorganisms and/or their bioactive metabolites
reduces the environmental impact of agricultural productions
and gives efforts to the agricultural biological production
which is more and more present in the national and
international markets (Dayan et al., 2009). These bioactive
secondary metabolites could play an interesting role in the
induction of disease symptoms (phytotoxins) or of defence
response (elicitors).

New herbicides with novel mode and mechanism of
action have evolved great interest due to the rapidly evolving
resistance to current herbicides (Cantrell et al., 2012). This
supports the need for more efforts to be made on a natural
product derived herbicides and makes attractive the prospect
of evaluating a vast number of undiscovered or understudied

natural compounds that are likely to have biological activity
(Evidente et al., 2011; Evidente and Abouzeid, 2006).

Fungal ecofriendly agribiologicals are plant protection
molecules gaining momentum for agrichemical research
nowadays. Our research group has actively been involved
with isolation of phytopathogenic fungi, extraction of
phytotoxins, determination of their herbicidal potential, mass
production and formulation of these herbicidal metabolites.

IV Fungi as sources of antibiotics

‘Antibiotic’ term literally means ‘against life’.
Originally, the term antibiotics canopied only those organic
compounds, produced by bacteria and fungi, which were
toxic to other microorganisms (Hugo and Russell, 1998).
Antibiotics substances produced by natural metabolic
processes of some microorganisms that can inhibit or destroy
other microorganism (Talaro and Talaro; 2002; Yim et al.,
2006). Antibiotics represent the single largest contribution
towards drug therapy in health care which has provided
effective control of many microbial pathogens in human and
animals (Robert et al., 1996; Donadio et al., 2010). A major
breakthrough happened in 1940 with the discovery of
penicillin, the first, best-known and most widely used
antibiotic (Taylor et al., 2003; Sommer 2006) by an English
Bacteriologist, late Sir Alexander Fleming from the blue
green soil mould Penicillium notatum. This discovery
marked the beginning of the era for the development of
antibacterial compounds from microbes. Streptomycin,
another antibiotic, was isolated in 1944 by Waksman, a
Microbiologist, from a species of soil bacteria, called
Streptomyces griseus and has proved to be effective against
tuberculosis. After this, rigorous search for more antibiotics
lead to the discovery of other antibiotics viz., chloromycetin
by Burkholder (Cupp, 2004; Sommer, 2006) from S.
venezuelae. It has a powerful action on a wide range of
infectious Gram positive and Gram negative bacteria. The
ability to produce antibiotics has been found mainly group
Aspergillales of Fungi and in a few other bacteria (Schlegel,
2003). Streptomycetes produce an arsenal of antibiotics,
exhibiting chemical diversity (Talaro and Talaro, 2003). So
far, about 2,000 antibiotics have been characterized but only
50 have been used therapeutically (Schlegel, 2003).

About five thousand antibiotics have been identified from
gram-positive, gram-negative bacteria and filamentous fungi
but only hundred antibiotics have been commercially
available to treat human, animal and plant disease (Bulock
and Kristiansen, 1997). Fungal antibiotics find their wide
applications in current health care systems especially the
penicillin, cephalosporin and fusidic acid, which have
antibacterial and antifungal activity (Dobashi et al., 1998). A
copious number of antibiotic drugs have been discovered
from soil-inhabiting microorganisms which include fungi
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(20% of isolated antibiotics), actinomycetes (70%) and
eubacteria (10%) (Baltz, 2008; Makut and Owolewa, 2011).
At present, the largest producers of microbial metabolites are
fungi (45%), which includes basidiomycetes (mushrooms;
11%) and microscopic eukaryotic organisms (33%), such as
microscopic, filamentous fungi including Penicillium,
Aspergillus and Trichoderma and hundreds of other species
(Demain and Sanchez, 2009;Berdy, 2012). These strains
represent almost 99% of all fungal metabolites. Other types
of fungi, such as yeasts and slime molds, are very poor
producers, producing less than 400 products altogether,
which is ~1.5% of all metabolites. Henceforth, there is a
burgeoning interest during the last few decades for
characterizing novel fungi capable of producing natural
compounds, as potential source of new antibiotics.

V. FUNGAL ANTIBIOTICS (SOURCE: WWW. NATURE
REVIEWS.COM)

Introducing advanced methods for the identification of the
hidden microbial biosynthetic machinery to revitalize the
discovery of antibiotics is the need of the hour. In addition
to the discovery of new natural resources and the search for
new and unique environmental surroundings, progress in
molecular biology, chemical microbiology, genomics and
genetic engineering is essential. In addition, mining
genomes and metagenomes for cryptic pathways,
combinatorial biosynthesis and the intelligent modification
of natural products are important.

Thus, fungi play fundamental and predominant roles in our
lives by impacting us in positive and negative ways. They
help in generating nutritious food and drink, provide life-
saving drugs and are sources of potential enzymes. On the
contrary, they adversely affect the structural integrity of our
buildings, cause common mycoses and other diseases in
humans and animals. The most drastic loss they cause is by
affecting the crop plants by causing several diseases, thus
threatening global food security.
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