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Abstract

Metarhizium is an entomopathogenic fungus that is a significant biocontrol agent for agricultural crops. Initially,
the Metarhizium species were identified mostly on the basis of conidial morphological traits. However, genomic
profiling has made it possible to classify this fungus appropriately. This genus has 30 species, with a few species
having a varied host range. To be an effective biocontrol agent, this fungus must penetrate the protein-chitin-rich
insect cuticle and nourish host tissues via the secretion of a large number of degradative enzymes. Metarhizium
has been used as a microbial biocontrol agent against insect pests that devastate economically significant
agricultural crops, as well as for the control of human disease vectors. By identifying important genes that
differentiate closely related species, genomic studies can contribute in the successful commercialization of
biopesticides. Human and other animal biosafety research use cryo and intragastric experiments in mammalian
models. Metarhizium offers considerable potential as a non-toxic, eco-friendly alternative to chemical pesticides
in integrated pest control of crop pests.
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Introduction

Metarhizium anisopliae sensu lato (s.l.) Sorokn (=M. anisopliae), popularly known as “green muscardine
fungus”, is a Sordariomycetes fungus of the order Hypocreales that has revealed potential efficiency against a
broad range of insect pests in various crops I (Fig 1). Metarhizium can be anamorphic (no synnemata) or
teleomorphic (identical to Metarcordyceps) and each truncate or elongate branch contains one or more phialides.
Conidia can be yellow, green, or brown [@. This genus, Metarhizium comprises the most-studied
entomopathogenic fungi at the molecular and biochemical levels.

Habitat associations

Metarhizium is considered as a large and diversified genus that includes more than 30 species with a few that
have a diverse host range and habitats. Temperature has a variable effect on the growth and survival of
Metarhizium spores and hyphae. The germination and proliferation of Metarhizium was found to be optimum at
temperature ranges 10 and 40°C and beyond which results in thermal death at 50°C [El. Even though, research
investigations found no correlation between heat and cold tolerance and latitude, as cold-active isolates were
discovered in northern locations, but none below 43.5° latitude, while certain tropical isolates could flourish at
temperatures over 35°C. Metarhizium community composition is linked to both forest and agricultural
ecosystems and their abundance is connected to plant diversity [,

Fig 1: Metarhizium anisopliae
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Mechanism of infection

When fungal hyphae penetrate an insect's or mite's cuticle, they induce the synthesis of phenoloxidases and the
activation of hemocytes, which create bioactive chemicals that induce phagocytosis, encapsulation, or
nodulation. Pathogen Recognition Receptors (PRRs), B-glucan-binding proteins, and peptidoglycans interact
with fungal PAMPs such as mannans and fungal B-glucans to activate defensive responses ). When hyphae
enter the host, they are replaced by yeast-like blastospores. The fungus continues to consume nutrients as
blastospores multiply in the hemocoel of the host. Metarhizium produces acid trehalase, which hydrolyzes the
primary sugar present in insect hemolymph . Some Metarhizium strains produce secondary metabolites
(destruxins) in addition to primary metabolites, which aid pathogenesis and cause flaccid paralysis by modifying
the cellular structure of the middle intestine and malpighian tubules, as well as muscular tissues blocking H+
channels "], Destruxin A may have the ability to work as immune modulators, lowering insect immunological
responses, but it is not sufficient to kill the insect. As immunomodulators, Destruxins may be able to reduce the
host insect's immune response to their presence 1. This process continues until the insect is entirely coated in
mycelia, which occurs as the cellular mass grows. Conidia and structures that protrude from the insect's corpse
are formed when the fungus consumes the insect's internal contents [,

Biological microbial control agent development

Since 1960, many mycoacaricides and mycoinsecticides have been developed. However, B. brongniartii and
Isaria fumosorosea are active components in 171 distinct formulations 1. For easy handling, application, and
enhanced effectiveness of mycoinsecticides, live entomopathogenic fungal propagules are combined with an
inert component, agent, or adjuvant [, Aqueous suspensions, humectant powders, soluble powders, water-
soluble and dispersible granules, and other formulations are also available for use. Fungi propagules are affected
by the application method, type of formulation, and environmental conditions. Both laboratory and field research
have demonstrated M. anisopliae's utility and potential in controlling arthropods responsible for the transmission
of diseases like malaria and dengue fever ', It was reported to be effective against spider mites attacking tea
plants, as well as termites, ticks, and cockroaclhes 1213 141,

Behavior in the environment

The potential of biological microbial control agents relies on the ability of beneficial fungi to spread from
infected hosts to healthy ones through horizontal transmission. Conidia survivability may increase the efficiency
during field application. However, its reduction leads to a reduced rate of survival of fungi in the environment
(351, Conidia persistence and migration are influenced by factors such as the type of soil, plants, animals, and
tillage, which also affect the fungal prevalence and persistence [61,

Strain improvement

The effectiveness of Metarhizium strains as biocontrol agents has been influenced by both biotic and abiotic
factors. Metarhizium could be genetically modified to have the desired persistence or virulence characteristics.
The pathogenicity of M. anisopliae was improved by the enhanced production of insect cuticle-degrading
protease (Pr1A). According to St. Leger et al. [, the transgenic strain significantly lowered the target insect's
survival time (LT50). When produced in hemolymph, the scorpion toxin AalT boosted fungal pathogenicity 22-
fold against Manduca sexta and 9-fold against adult Aedes aegypti 8. Wang et al. 9 highlighted that the
esterase gene (Mestl) from Metarhizium robertsii was successfully transferred to Metarhizium acridum, a group
of fungal isolates that are known to be virulent and specific to grasshoppers (Acrididea). Metarhizium
recombinant strains are designed to kill malarial parasites in mosquitos ?%. Changes in culture or growth
conditions could make Metarhizium spp. pathogenic. M. robertsii demonstrated higher virulence to
mealworm beetle Tenebrio molitor in the presence of anoxia or nutritional constraint 21,

Bio-safety of Metarhizium spp.

The bio-safety of the entomopathogenic fungus M. anisopliae has been evaluated and accomplished that, it was
not harmful to vertebrates or the environment %1, Hence, the application of chemical insecticides for the
management of pests and diseases in agroecosystems is harmful to the environment and human health, it is
critical to evaluate the impacts of biopesticides before recommending them for field application [, Pesticide
registration has been made compulsory by several governments and international organizations, and a series of
bio-safety evaluations and data generation for the WHO bio-insecticide registration proposal have been
conducted since 1981, which includes bio-efficacy, residue analysis, product analysis, effect on non-target
organisms and environement and toxicity etc. %1, For bio-pesticide registration, toxicological information, eco-
toxicological information, and stability studies have become mandatory nowadays. Hence, progressive research
is needed in these aspects as we would be using living micro-organisms as biological control agents, their impact
on non-target species, and human health must all be considered.

Conclusions

In this mini-review, we have focused our attention, on highlighting the role of Metarhizium, as a potential
entomopathogen, which has been proved by several authors. This microorganism could be formulated and made
available for its incorporation as an effective alternative to chemical pesticides, for the management of crop
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pests, owing to its higher effectiveness against target pests, low environmental impact, and high mammalian
safety. The application of the formulation of Metarhizium, as a potential biological control agent is still in its
early stage in many countries, which demands the necessity to have many Metarhizium strains for their potential
use in various agroecosystems as a microbial biocontrol agent.
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