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PREFACE 

We are delighted to publish our book entitled "Advances in Microbiology 

Volume I". This book is the compilation of esteemed articles of acknowledged experts in 

the fields of microbiology and life science providing a sufficient depth of the subject to 

satisfy the need of a level which will be comprehensive and interesting. It is an 

assemblage of variety of information about advances and developments in life science. 

With its application oriented and interdisciplinary approach, we hope that the students, 

teachers, researchers, scientists and policy makers will find this book much more 

useful.  

The articles in the book have been contributed by eminent scientists, 

academicians. Our special thanks and appreciation goes to experts and research 

workers whose contributions have enriched this book. We thank our publisher Bhumi 

Publishing, India for compilation of such nice data in the form of this book.  

Finally, we will always remain a debtor to all our well-wishers for their 

blessings, without which this book would not have come into existence. 

  

- Editors 
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ROLE OF SOIL MICROORGANISMS IN PLANTS GROWTH 

Anant T. More*1, Vinod R. Jogdand2 and Sumia Fatima3   

1Department of Botany, Jijamata Mahavidyalaya, Buldana (Maharashtra) India 

2Department of Botany, RFNS, Senior Science College, Akkalkuwa, Dist. Nandurbar 

3Department of Botany, Dr. Rafiq Zakaria College for Women, Aurangabad 431 001 

*Corresponding author E-mail: atmore555@gmail.com 

 

 

 Nutrients are present in everything we eat. They are required for strong teeth and bones, a 

healthy heart and blood vessels, and the proper functioning of your brain and nerves. These 

nutrients are obtained from the foods we consume. These come from the plants that grow, as well 

as the animals that devour the vegetation. Most soils contain a considerable amount of nutrients, 

which are absorbed by plants when they absorb water. To grow huge quantities of plants, soils 

must be healthy, and animals require plants to grow robust. Nutrients enter the soil through a 

variety of routes, including decomposing animal feces and dead plants, the atmosphere, rock 

weathering, and bacterial conversions. When soils are used to grow food, they must be kept 

healthy since plants take up a lot of nutrients that are not supplied. To restore what has been 

taken away, nutrients must be given, and the best method to do so is to test the soil. Too many 

nutrients pollute streams and groundwater, whereas too few nutrients cause plants to die.  

 Soil organisms which range in size from microscopic cells that decompose decaying 

organic matter to small mammals that eat other soil species play a significant role in soil fertility, 

structure, drainage, and aeration. Plant growth is aided by microorganisms invading plant roots 

and activating mechanisms that boost plant growth (1). One of the most important functions of 

soil organisms is to break down the complex chemicals found in decaying plants and animals so 

that they can be utilized by living plants again. Soil organisms act as catalysts in a variety of 

natural cycles, the most well-known of which are the carbon, nitrogen, and sulphur cycles.  

 Plants are part of a varied ecosystem in their natural habitat, which includes numerous 

and different microorganisms in the soil. Some of these microbes, such as mycorrhizal fungi and 

nitrogen-fixing symbiotic bacteria, have long been known to improve plant performance through 

enhancing mineral nutrition. However, only recently has the complete diversity of 

microorganisms associated with plants been discovered, as well as their potential to replace 

synthetic agricultural inputs. Biological fertilization has been shown to be an effective means of 

providing plants with the nutrients they require. It is both economically and environmentally 
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beneficial since it ensures long-term viability (2). The understanding of the composition and 

behaviour of rhizospheric microbiomes has advanced dramatically in recent years. Plants shape 

microbiome structures, most likely through root exudates, and bacteria have evolved numerous 

adaptations to flourish in the rhizospheric niche, according to research. The mechanisms 

underlying these interactions, as well as the processes that cause changes in microbiomes, are, 

nevertheless, largely unexplored.  

 Plant growth is influenced by four fundamental factors: light, water, temperature, and 

nutrients. These four factors impact the plant's growth regulators in plant body, causing it to 

grow faster or slower. Changing any of the four can induce stress in the plant, which can stunt, 

modify, or boost growth. To increase plant's growth factors for healthy plants, we need to 

understand as much as we can about each of the four aspects and our particular plant's unique 

needs. Microbial populations play an important role in the underlying processes that govern 

agro-ecosystem stability and productivity (3). In this chapter we are focusing mainly on the soil 

microorganisms which help plant to grow properly by providing required nutrients as well as 

favorable environment. These soil Microbes are mainly from four different groups Bacteria 

(Monerans), Fungi, Protozoa (Protists), algae (Plantae) and Nematodes (Animalia).  

 Bacteria are an important part of the soil's workforce. They are the last stage in the 

process of breaking down nutrients and releasing them to the plant's root zone. Bacteria, fungus, 

actinomycetes, protozoa, and algae are among the microscopic life forms that live in soil. 

Bacteria are by far the most prevalent of these diverse microbes (i. e. , 95 %). For a long time, 

scientists have known that soil contains a huge number of bacteria (about 10
8
 to 10

9
 cells per 

gram of soil) and that the amount of bacterial cells in soil is only around 1% of the total number 

of cells present (4). However, the quantity of bacteria in environmentally challenged soils might 

be as low as 10
4
 cells per gram of soil (5). Temperature, humidity, the presence of salt and other 

chemicals, as well as the number and types of plants found in such soils, all influence the number 

and type of bacteria found there. Bacteria can effect plants in one of three ways, regardless of the 

number of bacteria in a soil sample. The relationship between soil bacteria and plants can be 

beneficial, detrimental, or neutral from the plant's perspective (6). Some soil bacteria could either 

directly support plant growth by simplifying resource acquisition or modifying plant hormone 

levels, or indirectly by reducing the inhibitory effects of various pathogenic agents on plant 

growth and development, i. e. by serving as biocontrol bacteria (7). Some bacteria are 

commercially used in plant growth regulation purpose in agricultures that are Agrobacterium 

radiobacter, Azospirillum brasilense, Azospirillum lipoferum, Azotobacterchroococcum, 
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Bacillus, Bacillus licheniformis, Agrobacterium radiobacter, Azospirillum brasilense, 

Azospirillum lipoferum, Azotobacter chroococcum, Bacillus, Bacillus licheniformietc.  

 Providing plants with nutrients that they lack, such as nitrogen, iron, and phosphorus, is 

part of bacterial plant growth promotion. A number of free-living bacteria, including as 

Azospirillum spp., may also absorb nitrogen and deliver it to plants, in addition to Rhizobia spp. 

(8). By producing low-molecular mass siderophores facilitating iron uptake by microorganisms 

(9). Various soil bacteria regulate the synthesis or inhibition of plant growth regulator by plant 

body Eg. IAA, Cytokinin and Ethylene etc. and indirectly regulate the growth of plants at 

different environments, at various developmental stages.  

 Fungiare like bacteria, dwells in the rootzone and aids in the delivery of nutrients to 

plants. Mycorrhizae, for example, are fungi that help roots and plants absorb water and nutrients, 

providing sugars, amino acids, and other nutrients. Under most situations, arbuscular 

mycorrhizal (AM) fungi boost plant growth directly by giving better and more efficient access to 

minerals, particularly P, via fungal hyphae and delivery of these nutrients to the plant. The AM 

symbiosis also improves disease resistance in host plants and inhibits non-mycorrhizal weed 

growth (10). Most terrestrial plants form symbiotic relationships with arbuscular mycorrhizal 

(AM) fungus. By increasing the root absorption area, these soil microbes help the plant absorb 

more nutrients. The symbiont receives plant carbohydrates in exchange for completing its life 

cycle. AM fungi also assist plants in dealing with biotic and abiotic challenges such as salinity, 

drought, severe heat, heavy metals, illnesses, and pathogens (11). Phosphorus is abundant in soils 

in both organic and inorganic forms; yet, it is unavailable to plants. As a result, phosphorus (P) 

deficiency develops in the soil, making P one of the most essential nutrient elements limiting 

crop productivity. Phosphate-solubilizing bacteria could help plants overcome their P deficit by 

dissolving insoluble P and making it available to them. Though inorganic P dissolution by 

microbial communities, including fungi, is frequent in vitro, the effectiveness of phosphate-

solubilizing microorganisms in situ has been inconsistent. Mineral solubilization, biological 

control, and the generation of secondary metabolites are all characteristics of fungi. As a result, 

their ability to boost plant development when present in conjunction with the roots is undeniable 

(12).  

 Some actinomycetes, on the other hand, are predators and will harm the plant, while 

others found in the soil might work as antibiotics. Actinomycetes, as well as commercial 

biofertilizers, play an important function in the soil as plant growth-promoting rhizobacteria (13). 

Soil actinomycetes are diverse microbes with a lot of potential for potential for producing 
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enzymes including cellulases, chitinases, proteases, and other agro-biochemical, all of which are 

important for soil reclamation and long-term soil health.  

 Protozoa are bigger germs that enjoy consuming bacteria and being surrounded by them. 

In fact, nutrients that bacteria consume are released when protozoa consume bacteria.Protozoa 

encouraged the recovery of nitrifying bacteria and enhanced nitrogen losses as nitrate in leachate. 

Protozoa and nematodes, on the other hand, reduced phosphate leaching, an effect attributed to 

the promotion of microbial development early in the experiment (14).  

 Nematodes are small worms that dwell in or around plants. Some nematodes are 

predators, while others are useful to the plant, feeding on pathogenic nematodes and secreting 

nut.Nematodes reduced phosphate leaching (14). 
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GENERATE RESISTANCE TO DISEASE, PESTS AND HERBICIDS TO 

QUANTITATIVE IMPROVEMENT OF CROP PLANTS 

Mandaloju Venkateshwarlu 

Department of Botany, UC, KU Warangal 09, T.S. India 

Corresponding author E-mail: drvenkat6666@gmail.com 

 

Abstract: 

 Plant Cloning Vectors DNA is being cloned into plants for several purposes: to generate 

resistance to disease, pests, and herbicides; to improve crop yields, quality, and nutritional value; 

to develop new ornamental plant characteristics and to increase the shelf life of many common 

fruits and vegetables. Some of these genes direct the synthesis of unusual compounds, called 

opines, that the bacterial cells use as nutrients for growth. Thus, A. tumefaciens redirects 

transcription and translation within the plant host cell for its own use. Several cloning vectors 

have been constructed that allow efficient transfer of DNA to plant cells.  (Nagata, (1971), U 

Zimmermen, 2016). The most commonly used are plant viruses, such as tobacco mosaic virus 

(TMV), and the Ti, or tumor inducing, plasmid of the soil bacterium Agrobacterium tumefaciens 

(Figure A7.1). A. tumefaciens is a soil microorganism that induces crown gall formation in many 

species of dicotyledonous plants. This bacterium infects tissue wounds in plants (such as in the 

stem) and induces plant cells to proliferate, resulting in a cancerous tissue mass, or crown gall, 

near the infection site. The bacterium's large Ti plasmid—greater than 200 kb—is what induces 

crown gall formation: Ti plasmid genes are involved in infection and induce plant cell division 

that leads to the tumor like growth  (K.N. Kao (1990), G. Melchers (1974). A special region on 

the plasmid, the T-DNA (transferred DNA), containing approximately eight genes that encode 

the disease characteristics, is incorporated into the plant's genome.  

 The properties of the Ti plasmid make it an efficient cloning vector in certain plants. The 

T-DNA, which integrates into die plant chromosomes, can be used to transfer foreign genes into 

plants. For use in biotechnology, the engineered Ti plasmid lacks some of the genes that 

contribute to the cancerous properties. One of the challenges facing scientists is the development 

bf efficient methods of transferring foreign DNA into all the cells of a plant. One way is to 

integrate the DNA of interest into a few cells, which, once transformed. In recombinant DNA 

technology, the location of specific regions within a cloned gene or DNA insert often must be 

known before the fragment can be sequenced or studied further (Roset (1989), Jeff Schell (1987). 

For example, the exact location of a 2-kb gene must be identified within a 15-kb insert so that it 

can be isolated for further analysis or sequencing. Restriction endonuclease digestion reduces the 

large DNA insert to DNA fragments, which then are separated by agarose gel electrophoresis. To 
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identify the fragment that contains the gene of interest, a specific DNA probe, such as a small 

region of the gene of interest, can be used to hybridize to the DNA fragment. In the mid-1970s, 

Edward Southern developed a simple technique, called Southern blotting, by which DNA 

fragments are transferred from gels to a special membrane that then is used for hybridization. 

During Southern blotting, these DNA fragments are denatured by an alkaline (high pH) buffer, 

and the single strands are transferred to a nylon or nitrocellulose membrane cut to the size of the 

agarose gel. Buffer in a trough moves by capillary action through a wick placed under the 

agarose slab, facilitating the transfer of DNA from the gel to the membrane. 

Keywords: Genetic, resistance, hybrid product, quantified, generate, promoters. 

 

Introduction: 

  Modifications have included the development of nonradioactive detection methods 

whereby the hybridization signal is detected by a (1) color reaction on the membrane (least 

sensitive), (2) fluorescence on the membrane detected by a transilluminator that emits light at 

290 nm, and (3) chemiluminescence that is detected by exposure to x-ray film for 1 hour (fast 

and sensitive). Although more than 50 different nonradioactive detection kits are available 

commercially, they do not match the sensitivity and reproducibility of radioactive methods. 

Southern blot hybridizations are used to detect differences in banding patterns between 

organisms or within DNA regions (Fenanda Januzzi et al (2000), Amberger LA et al (1992). 

  Differences in restriction fragment lengths of DNA, called restriction fragment length 

polymorphisms, or RFLPs, are used to generate individual DNA fingerprints. DNA finger 

printing is a powerful tool in forensic analysis. Individuals can be identified by their DNA 

fingerprints, and because RFLPs are inherited, such fingerprinting can identify maternally and 

paternally inherited DNAs to settle paternity disputes. Another important application is in 

medical diagnostics, where differences in RFLPs are used to identify genetically inherited 

diseases (Bellincampi D (1987), Beversdrof WD (1977). Some defective genes differ from their 

normal counterparts by only one nucleotide; however, if the mutation is in a restriction enzyme 

recognition site, the enzyme may not be able to cut the DNA, thereby generating a different 

DNA banding pattern after hybridization with a probe specific to the DNA region. 

  Mammalian Cell Vectors: The first eukaryote-infecting virus to be used for cloning, and 

one of the most studied viruses, was simian virus 40, or SV40, a small, circular, double-strand 

DNA tumor virus. Although the virus can infect the cells of several mammalian species, 

including monkey cells, its host range is limited. Moreover, only a limited amount of foreign 

DNA can be inserted because the DNA must be packaged into-a viral coat, or capsid. To provide 

space for inserted foreign DNA, both nonessential and essential genes have been deleted in 
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vectors derived from SV40. Thus, a helper virus containing the necessary genes is required to 

propagate and package recombinant SV40 virus. Finally, only transient expression of an inserted 

gene has been achieved (Binding H (1974), Buttenko R (1980). 

Other vectors include retrovirus and adenovirus. Retroviruses are single-strand RNA viruses 

that show much promise for use as vectors in a wide variety of animal cells, including human. 

The viral genome contains two single-strand RNA molecules that are held together by hydrogen 

bonds at the 5' ends. To replicate, the virus uses the enzyme reverse transcriptase to make a 

double-strand DNA molecule from the RNA template. This DNA integrates stably into the 

chromosomes of dividing host cells, where transcription and translation of the provirus (that is, 

the integrated DNA) occur. Some of the synthesized RNAs are packaged into virus particles. The 

adenovirus is a double-strand DNA virus. Like the retrovirus, it can infect cells with high 

efficiency and has a broad host range. Because: the pathogenicity in humans is low, the 

adenovirus makes a desirable vector for gene therapy. Moreover, unlike the retrovirus, 

adenovirus does not have to infect dividing cells. 

Cell Transformation: 

 To introduce new DNA into organisms or to use hosts for gene cloning, methods of gene 

transfer are required. A variety of methods are available for transforming bacteria, yeast, plants, 

and animals with foreign DNA.  

 

Figure A7.1. Particle gun used for transferming cells with DNA coated microprojectiles 

 

 Some bacteria are naturally competent—that is, they have the ability to take up 

extracellular DNA. However, many bacteria must be treated chemically to become competent. 

Exposing bacteria to a salt solution such as calcium chloride and applying a heat shock in the 

presence of DNA is usually sufficient for transferring DNA into cells; that is, transformation 

(d‘Utra et al (1992), Evans DA (1983). However, eukaryotes require more complicated methods. 

In organisms that have cell walls, like fungi, algae and plants, enzymes are used to degrade the 

walls, producing protoplasts, or cells without walls.  Foreign DNA then can be introduced into 

protoplasts by electroporation: Protoplasts are exposed to a brief electrical pulse, which is 

thought to introduce transient openings in the cell membrane through which the DNA molecules 
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enter. After transformation, cells are washed and cultured so that the cell wall re-forms and cell 

division begins. Transformed plants can be regenerated from cell culture. 

 Another method of transforming cells is microprojectile bombardment, or biolistics 

(Figure 10.13). Very small (4 µm) microprojectiles made of gold or tungsten are coated with 

DNA and shot at high velocity from a particle gun into cells or tissue. Because the projectiles 

penetrate the cell, the walls do not have to be removed. Biolistics shows much promise for use in 

gene therapy, whereby cells of organs in living animals can be transformed with a corrective 

gene. Lacking walls, animal cells are easily transformed by electroporation, as well as by a 

method that precipitates DNA onto the cell surface with a calcium phosphate solution (Gaj MD 

(2001), Ghazi TD (1986). Viruses often are used to transfer DNA into animal cells for the stable 

integration into the chromosome. (Viruses are also an important tool in the transformation of 

plant and bacterial cells.) However, the introduction of genes into all the cells of a multicellular 

animal requires a different method, called microinjection. Unlike plant cells, animal cells cannot 

regenerate into an entire organism (Gliddie S et al (1986 & 1989).To express a gene in all the 

cells of an animal, thus generating a transgenic organism, fertilized eggs or very early embryos 

are transformed by microinjection (Figure A7.2). DNA is injected directly into the nucleus of 

animal cells with an extremely fine pipette. After DNA is transferred into the cell, it is integrated 

into the chromosome and the transformed fertilized egg is implanted into an animal for the 

completion of development. 

Constructing and screening a DNA library: 

 Vectors are used to compile a library of DNA fragments that have been isolated from the 

genomes of a variety of organisms. This collection of fragments is used to isolate specific genes 

and other DNAs. The relationship of a single DNA fragment to a DNA library is analogous to 

that of one book to a library containing thousands of books. Searching for one specific piece of 

DNA is similar to looking for one book in a library (Hansen G et al (1999), Henry RJ et al 

(1998). DNA fragments are generated by cutting the DNA with a specific restriction enzyme. 

These fragments are ligated into vector molecules, and the collection of recombinant molecules 

is transferred into host cells, one molecule in each cell. The total numbers of all DNA molecules 

make up the library. This library is searched, that is, screened, with a molecular probe that 

specifically identifies the target DNA. 
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Figure A7.2. Microinjection of DNA into the pronucleus of a fertilized animal egg 

 

 To allow scientists to learn more about the organization and regulation of genes, libraries 

for a variety of organisms have been constructed to map and sequence their genomes. For 

example, libraries are available for the bacteria Bacillus subtilis and E. coli, the yeast S 

accharomyces cerevisiae, the nematode CaenorhabdiHs elegans, the fruit fly Drosophila, and 

the plant Arabidopsis. To achieve such ambitious goals, researchers must construct ordered, 

overlapping genomic clones representing the entire genome; that is, all the DNA in each 

chromosome. Parvathi et al (2018).Two main types of libraries can be used to isolate specific 

DNAs: genomic and cDNA. A genomic library contains DNA fragments that represent the entire 

genome of an organism. A cDNA library is derived from mRNA of a tissue and consequently 

contains only sequences that are expressed at a given time in a specific tissue. 

Genomic Library 

 Soybeans will be used as an example to demonstrate how a genomic library is 

constructed. First, total nuclear DNA is isolated from soybean cells and cut with a specific 

restriction enzyme. At the same time, a cloning vector (which can be a plasmid, cosmid, or 

bacteriophage) is cut with the same restriction enzyme so that the vector is linearized and the 

ends are complementary to those of the genomic DNA fragments. The two DNAs genomic 

fragments and vector are mixed in a test tube and DNA ligase is added to form recombinant 

molecules (Figure A7.3). The recombinant DNA molecules are introduced into host cells, 

usually E. coli, if plasmids, cosmids, or bacteriophage vectors are used. Transformed bacterial 

cells, each containing recombinant plasmids or cosmids, multiply when plated onto antibiotic-

containing medium. Each colony contains a specific soybean DNA fragment cloned into the 

vector. Plaques, cleared areas where E. coli cells have lysed, contain recombinant virus with 

soybean genome inserts. 

 The collections of plaques or colonies that together contain all the DNA fragments of a 

genome constitute the library. For example, the human genome comprises more than 100,000 

cosmid clones, or approximately 10,000 YAC clones. The soybean genomic library usually 
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includes at least one complete soybean genome cut into fragments and housed within E. coli 

cells. It is best to have clones representing four or five genomes so that all of the genetic 

information is represented at least once. From the average size of the DNA inserted into the 

vector and from the genome size of the organism, a simple calculation tells researchers how 

many library clones are required to represent the entire genome 

 

 

Figure A7.3. The steps involved in the construction of a DNA library (genomic) 

 

cDNA Library: 

 Some organisms have very large genomes, and a genomic library may yield too many 

different clones to manipulate easily, even when a host-vector system is used that can 

accommodate large DNA inserts. When the library must be screened for a particular gene, 

especially in a plant or animal, the number of clones to be screened may be unmanageable. Thus, 

a library that includes only expressed genes from a certain type of cell may be more feasible (for 

example, leaf-specific cDNAs from soybean). This library, called a cDNA library, dramatically 

reduces the total amount of DNA to be cloned because only a fraction of genomic DNA is 

expressed by any given cell type. Genes are expressed differentially; consequently, in a complex 

multicellular organism, speciali2ed cells produce cell- specific proteins. Although a cell has a 

full complement of genes, only a specific set of genes (in addition to general housekeeping 

genes) will be expressed and all the others will be silent. 
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Figure A7.4. The synthesis of a cDNA. (a) After transcription, RNA processing in the nucleus 

produces a mature mRNA (minus introns, with a 5' cap and a 3' poly (A) tail), (b) Scientists 

isolate mature mRNA and use the enzyme reverse transcriptase to produce single-stranded 

cDNA that is complementary to the mRNA. This produces a cDNA-mRNA hybrid. The 

mRNA is degraded, and a second DNA strand is synthesized by DNA polymerase that is 

complementary to the single-stranded DNA. The result is a double-stranded cDNA 

 

 To make, for example, a soybean cDNA library, RNA from leaf cells is isolated and used 

as a template to make DNA by a method called cDNA synthesis (Figure A7.4). Reverse 

transcriptase catalyzes the reverse synthesis of cDNA from the mRNA template. The mRNA 

then is degraded with a ribonuclease or an alkaline solution, and DNA polymerase is used in the 

synthesis of the second DNA strand. Double-strand DNA linkers with ends that are 

complementary to the cloning vector are added to the double-strand DNA molecule before 

ligation into a cloning vector. Recombinant clones are introduced into bacteria. Thus, the library 

is composed of cDNAs from the expressed mRNAs in soybean leaf cells. 

 The differences between genomic and cDNA libraries are significant, and they influence 

the choice of library for scientific research. First, the noncoding introns present within most 

eukaryotic genes are not included in the CDNA, because the mRNA has already undergone 
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posttranscriptional modification before isolation for cDNA synthesis. In addition, a cDNA 

library does not contain regulatory elements associated with genes, such as promoters and 

enhancers; nor does it contain the portion of the genome that does not code for RNA—that is, 

noncoding DNA. Fewer clones comprise the library, making the screening process much simpler 

and less time consuming. If noncoding DNA (such as promoter sequences) is to he isolated from 

a library, a genomic library must be used. 

Screening Libraries: 

 Once a library, whether genomic or cDNA, has been constructed, the recombinant clones 

that, contain a specific DNA insert can be detected by the screening process called nucleic acid 

hybridization. For screening, a specific DNA sequence is used as a probe to identify the clones or 

plaques containing the appropriate target sequence. The library of bacterial colonies or plaques is 

transferred from master plates (the petri dishes) to membranes made of nylon or nitrocellulose 

cellulose treated with nitrates and pressed into paper) in a manner similar to replica plating 

(Figure A7.5). Membranes are placed over the colonies or plaques, pressed against them to 

transfer the colonies or plaques to the membranes, and lifted. More than one membrane can be 

used for each master plate to produce multiple membranes for screening the library in duplicate 

or triplicate. 

 

Figure A7.5. Colony hybridization is used to identify bacterial cells that harbor a specific 

recombinant plasmid. Bacterial cells transferred to membranes are disrupted and the DNA 

denatured by an alkaline solution. The DNA bound to the membrane is hybridized to a 

radioactively labeled DNA probe. X-ray film is exposed to detect the colonies containing the 

DNA of int erest on the membranes 

 

 Within the library is perhaps one to several colonies or plaques that contain the DNA of 

interest. A single-strand DNA probe is designed to complement the target DNA and base pair 

(that is, hybridize) with it. The result is a DNA hybrid: one target DNA strand hydrogen bonded 

to one probe strand. The membranes first are treated so cells in colonies are lysed and cell debris 

is removed. The remaining DNA is denatured to obtain single-strand molecules. Single-strand 

DNA molecules bind tightly to the membrane by the sugar—phosphate backbones, and the 

unpaired nucleotides are free to base pair with a complementary DNA probe. Hybridization of 
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single-strand probes to these membranes is used to identify specific recombinant DNA molecules 

from the bacterial colonies (Figure A7.6) or bacteriophage plaques transferred to the membranes. 

Although the probe and target DNA may not be completely complementary, enough base pairing 

must be established to produce a stable hybrid. 

 To detect whether the DNA probe and the target DNA bound to the membrane have 

hybridized, the probe is first made radioactive or is labeled by a nonradioactive method that 

results in fluorescence or staining after hybridization. After hybridization, the excess probe is 

washed from the membranes, which are then exposed to photographic film. Where hybridization: 

has occurred, radiolabeled DNA makes an autoradiographic image. Probes must be sufficiently 

complementary to the target DNA for hybridization to occur. A cDNA probe can be a piece of 

DNA or cDNA (for example, from another organism). For example, a heterologous probe (that 

is, the same DNA fragment from another species) from spinach might be used to hybridize to 

soybean DNA. For the nucleotide sequence of the probe to base pair with the target sequence, the 

spinach DNA must have enough sequence conservation; that is, the majority of the nucleotide se-

quence of the spinach DNA must be the same as the soybean DNA. Stringency (the extent of 

matching of base pairs) can be controlled during hybridization by adjusting temperature and salt 

concentration. Under conditions of highest stringency, hybridization occurs only when the bases 

between probe and template base pair almost perfectly. Under conditions of lowered stringency, 

base pairing between partially complementary sequences can occur and mismatches are 

tolerated. Thus, closely matching but non identical DNA can be used as probes. 

 

Figure A7.6. Probe hybridization (cDNA or DNA) to single stranded DNA in cloned DNA. 

The labeled probe base pairs with its complement 

 

 The probe also can be made by a DNA synthesizer. If a portion of the amino acid 

sequence of the protein is known, the possible nucleic acid sequences can be deduced. A short 

DNA fragment called an oligonucleotide can be synthesized, labeled radioactively, and used as a 
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probe in hybridizations. The genetic code is degenerate, and the specific codons for amino acids 

sometimes preferentially used by an organism (codon usage) usually are unknown. 

Consequently, a degenerate oligonucleotide probe must be made to account for all the different 

codons that may encode an amino acid. For example, to make an oligonucleotide that encodes 

the amino acids 

 Isoleucine-Aspartic Acid-Methionine-Tryptophan-Glutamic Acid-Glutamine 

The degenerate oligonucleotide would look like this (positions 3, 6, 15, and 18 are 

degenerate in this example) 

ATAGATATGTGGGAGCAG 

     C      C                      A     A 

     T 

Expression Libraries: 

 Expression libraries are made with a cloning vector that contains the required regulatory 

elements for gene expression, such as the promoter region. In an E. coli expression vector, an E. 

coli promoter is placed next to a unique restriction site where DNA can be inserted. When a 

foreign gene or cDNA is cloned into an expression vector in the proper reading frame, the gene 

is transcribed and translated in the E. coli host cell. When a library is made using an expression 

vector, only DNA—that is, genes (with introns if a eukaryotic gene) and DNA (without genes)—

inserted in-frame within the vector are expressed. Expression libraries are useful for identifying a 

clone containing the gene or cDNA of interest when an antibody to the protein encoded by that 

gene or cDNA is available. 

Table A7.1 Examples of Host Cells Used to Produce Recombinant proteins 

Mammalian cells  Sacharomyces cerevisiae (yeast) Insect Baculovirus System 

Growth hormone  Insulin     Adenosine deaminase 

Erythropoietin   Epidermal growth factor  Erythropoietin 

Interferon   α l antitrypsin    Interferon 

Interleukin-2   Granulocyte-macrophage  Poliovirus proteins 

colony stimulating factor 

Monoclonal antibodies      Influenza virus 

hemagglutinin 

Tissue plasminogen activator Hepatitis B virus surface antigen Tissue plasminogen activator 

Blood-clotting factors  Hepatitis C virus protein  Rabies glycoprotein 

 Antibodies are made by eukaryotic cells in response to proteins and other molecules that 

are recognized as foreign. Antibodies can be used instead of a nucleic acid as a probe to isolate a 

clone containing a sequence of interest that is transcribed and translated. A radioactively labeled 
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antibody can be used to identify a specific protein made by one of the clones of the expression 

library (see Western blotting). Antibody binding, a technique similar to nucleic acid 

hybridization, identifies the clone containing the gene expressing the specific protein. Expression 

vectors and a variety of host cells are used routinely to produce large quantities of a specific 

protein and have important commercial applications. Table A7.1 lists a few host cells and their 

important recombinant products. 

Reporter Genes: 

 

Figure A7.7. A tobacco plant transformed with the firefly luciferase gene. The bioluminescence 

indicates the gene was incorporated into the plant DNA and is being expressed 

 

Figure A7.8. The steps involved in conducting a Southern blot hybridization. In Southern 

blotting, DNA is transferred from an agarose gel to a membrane for hybridization by making a 

sandwich of the gel, membrane, filter paper, and absorbent paper. A salt solution that moves 

by capillary action facilitates the transfer of DNA from the gel to the membrane 
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 A reporter gene, connected to the DNA of interest and under the same control, is used to 

indicate whether the foreign gene or cDNA is being expressed. Many reporter genes are 

available that encode enzymes with readily assayed activities. One important reporter used today 

is the luciferase gene taken from either the firefly or bacteria Vibrio harveyi. When the firefly 

luciferase gene is expressed in the presence of the substrate luciferin and the energy source, ATP, 

the transformed cells give off detectable bioluminescence (Figure A7.7) that can be measured. 

Reporter genes enable the investigator to quantify the level of expression, test the expression 

level from different promoters, and identify the tissue in which the gene is being expressed. Re-

porter genes have been used to investigate gene expression in the cells of many different 

organisms (for example, plants, mammals, fish, and bacteria). Other reporter genes in use 

include. 

1. Green fluorescent protein (GFP) - This protein is produced by the jellyfish Aequorea 

victoria and interacts with a photoprotein, acquorin, resulting in a green fluorescence. 

GFP naturally fluoresces green when the protein is excited with blue or ultraviolet 

light, and thus needs no substrate for the reaction to occur. Variants of GFP have been 

engineered to fluoresce at different wavelengths and intensities, although because the 

signal is relatively weak, expression of GFP requires the use of very strong promoters 

or other regulatory sequences. A powerful application of GFP is the tracking of 

specific proteins. When the GFP gene is fused to a gene of interest to create a fusion 

protein, GFP fluorescence indicates the presence of the fused protein of interest, and 

the transport and fate of the fusion protein is followed by fluorescence. 

2. β-glucuronidase gene (GUS) - Isolated from E. colt, this gene encodes an enzyme 

that catalyzes the breakdown of a variety of β-D-glucuronides. In one type of assay, 

GUS generates a blue color that is formed by the breakdown of an intact, uncolored 

substrate. Alternatively, a more sensitive assay can be used when a different substrate 

is used to generate a fluorescent product. The product can be quantified to measure 

the amount of product formed. 

 The membrane is a replica of the agarose gel and is used in hybridizations as described 

earlier for colony or plaque hybridizations. If a probe hybridizes to fragments on the membrane, 

photographic film placed next to the membrane will be exposed where the probe has hybridized 

to a specific DNA band or bands. Southern blot hybridization is commonly used to identify a 

specific gene fragment from the often many DNA bands on a gel. Although this is the traditional 

method of Southern blotting, efficiency, sensitivity, and reproducibility have greatly improved.  

 Increased activity of labeled probes 

 Treatments to prevent nonspecific binding of labeled probes to membranes 
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 Use of sensitive detectors (phosphoimagers) to obtain images of hybridization signals 

 Use of vacuum blotting or electroblotting to greatly reduce the DNA transfer time 

 DNA transfer set up 

  Although upward capillary transfer of DNA from agarose gels to membranes is the 

traditional mode of blotting, alternative methods have been developed. These include 

 Downward capillary transfer (Figure 10.21a) - DNA transfer is rapid and the intensity of 

the signal is 30% higher than the traditional blotting method. There is a more efficient 

transfer of DNA through the gel because there is no pressure from a weight placed on top 

of the stack. 

 Bidirectional capillary transfer (Figure 10.21b) - This is the transfer of DNA from one 

agarose gel to two membranes. In this method, there is not a buffer reservoir, rather the 

buffer comes only from the gel; thus, the transfer efficiency is low. This method can be 

used when the amount of target DNA in the gel is high (for example, cloned DNA, 

plasmid DNA, other vectors). This method is not appropriate for identifying one gene 

within total genomic DNA from a large genome (for example, mammalian DNA). 

 The effect had evoked different morphogenetic responses. The addition of 1.0 

BAP mg/l + 1.0 Kn mg/l + 0.5 NAA mg/l to MS medium resulted in while soft and hard 

compact callus. The percentage frequency of growth response was high is 50% at 1.5 

BAP mg/l + 1.0 Kn mg/l + 0.5 NAA mg/l. Shoot tip were cut from the Trichosanthes 

cuucrmeriana leaf explants growing in green house and were used for the initiation of 

callus on MS medium supplemented with cytokinin was investigated and the results are 

presented in (Table1, Plate1). The maximum percentage of cultures shows growth 

response on 0.5mg/l BAP+1.0 L-Glutamic acid mg/l. the combination of BAP mg/l + 

1.0 mg/ Kn 24-D also showed growth response in increased percentage. Rooting of 

shoots obtained from mature explants on a high cytokinin medium was uncertain with 

low frequency in Trichosanthes varied responses in terms of number of roots, with or 

without callus and time required were obtained by different groups on rooting behavior 

of these species, except two examples 70% in Sidium gua and 50-75% in Trichosanthes 

species Per cent rooting in shoots of mature explants origin remained low. S Latha et al 

(2019), Ugendar et al (2017).It may be concluded that rooting may be problematic in 

certain tree species when mature explants are used; otherwise there is little evidence of 

any difficulty in rooting from in vitro shoot. Growth regulator BAP+Kn+NAA and L-

Gltamic acid concentration in the MS medium culture is critical for regeneration is the 

hormone used to produced green callus. M Venkateshwarlu (2020).The explants tissue 

from which it has arisen and also on the different combination MS Medium callus 

produced explants produced at in vitro conditions.(Table-1, Plate-1) 



Advances in Microbiology Volume I 

    (ISBN: 978-93-91768-60-7) 

 

19 
 

Table 1: Tissue culture studies on leaf explants of 1. Ipomoea botats, 2. Solanum 

nigrum, 3. Cordia dicatama 

Growth Regulator 

Leaf explants 

% Frequency of 

plantlet production 
Morphogenetic response 

0.5 BAP+0.5 2-4D 50 White Compact Callus 

0.5 BAP+1.5  2-4D 45 White Compact Callus 3-4 Shoots 

0.5 BAP+1.5 Kn 2-4D 40 Callus + Shoots 

0.5 BAP+2.0 Kn 2-4D 35 Callus + Shoots 

0.5 BAP+2.5Kn-L-Glutamic acid 30 Callus + Shoots 

0.5 BAP+3.0 Kn-L-Glutamic 

acid 
25 Small Shoot buds 

0.5 BAP+3.5 Kn-L-Glutamic 

acid 
20 Small Shoot buds 

0.5 BAP+4.0 Kn-L-Glutamic 

acid 
30 Small Shoot buds + Roots 

0.5 BAP + 0.5 NAA 25 Callus + Green Shoot 

1.0 BAP + 1.0 NAA 20 Callus + Small Shoots 

2.0 BAP + 1.0 NAA 15 Compact Callus 

4.0 BAP + 1.0 NAA 10 Green Callus 

Plate-1: Tissue culture studies on leaf explants of 1.Ipomoea botats, 2.Solanum nigrum, 

3.Cordia dicatama. 
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Conclusion: 

 The synthesis of complex eukaryotic gene products requires eukaryotic hosts (such as 

human or mouse cells). Often, eukaryotic gene products must be modified in ways not possible 

with bacterial cells, such as by posttranslational cleavage, glycosylation, and amino acid 

modifications such as phosphorylation, acetylation, sulfation, and acylation. Mammalian host 

cells often are used if a gene encoding a protein product contains introns and the mRNA must be 

processed or if the protein requires processing after synthesis (although cDNAs can be used with 

prokaryotic host cells). Many animal proteins can be produced only in eukaryotic hosts, because 

only these cells have the capability to process RNA and protein. Many important pharmaceutical 

compounds for therapeutic use are produced in this way; among them are factor VIII used by 

hemophiliacs to aid in blood clot formation, interferon, growth hormone, and erythropoietin. 

Christianson et al (1983), Duke JA (1981).Vectors specific for animal hosts have been developed 

for a variety of uses. 
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Abstract: 

Teixobactin is an antibiotic isolated from a soil bacterium by iChip technology. 

Compared to other antibiotics discovered, it has several unique and desirable characteristics. It is 

a depsipeptide that contains eleven amino acid residues with an unusual amino acid, 

enduracididine. It inhibits bacterial cell wall biosynthesis by binding to a highly conserved motif 

of lipid II and lipid III. It shows good bactericidal activity against many gram-positive 

pathogens, including methicillin-resistant Staphylococcus aureus (MRSA) vancomycin-

intermediate S. aureus. It has minimal resistance development and has also reported no toxicity 

so far. The discovery of teixobactin is an excellent promise for the emergence of future 

antibiotics. 

 

Introduction: 

Antimicrobial resistance is becoming an alarming public health issue. It poses a 

significant risk of returning to the pre-antibiotic era of epidemics. In this era of growing concerns 

of antimicrobial resistance, Teixobactin, an antibiotic that belongs to a new class, was discovered 

using iChip technology. It was isolated from a soil bacterium unculturable under conventional 

culturing techniques. Teixobactin was first identified by Ling et al. in 2015. Compared to other 

antibiotics discovered, it has several unique and desirable characteristics. It was isolated from 

gram-negative soil bacteria called Eleftheria terrae, a new species of beta proteobacteria which 

belongs to a new genus related to Aquabacteria (Piddock, 2015). This group of bacteria was not 

known to produce antibiotics before. NovoBiotic Pharmaceuticals of Cambridge, United States, 

owns the patent for this new molecule. 
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Structure of Teixobactin: 

 

Figure 1: Chemical structure of Teixobactin (Guo et al., 2018) 

 

Teixobactin is a non-ribosomal, unusual cyclic depsipeptide that contains eleven amino 

acid (aa) residues, including seven l-aa and four d-aa residues. It also has an unusual aa, 

Enduracididine, part of the C-terminal tetrapeptide lactone substructure formed by an ester 

linkage between d-Thr8 and l-Ile11. Enduracididine is a non-proteinogenic amino acid (Fig.1). l-

enduracididine has been found in several natural products, including mannopeptimycin and 

enduracidins. Early feeding experiments with isotopically labelled compounds showed that the l-

End moiety in enduracidin is derived from l-Arg (Ling et al., 2015; Guo et al., 2018). 

 

Mechanism of action: 

Teixobactin inhibits bacterial cell wall biosynthesis by binding to a highly conserved 

motif of lipid II and lipid III (Jin et al., 2016). Lipid II and III are precursors of peptidoglycan 

and teichoic acid, respectively. A major portion of the gram-positive bacterial cell wall consists 

of peptidoglycan that supports the lipoprotein cell membrane. Peptidoglycan is a linear strand of 

two alternative amino sugars- N-acetylglucosamine and N-acetylmuramic acid in β1-4 linkage, 

covalently cross-linked through peptide side chains. This peptide side chain consists of a 

tetrapeptide (L-alanine, D-isoglutamic acid, L-lysine, and D-alanine). At one end, the 

tetrapeptide is attached to the carboxyl group of N-acetylmuramic acid residue, and at the other 

end is attached to the adjacent polypeptide chain through a short connecting peptide-like 

pentaglycine. In the initial stage of peptidoglycan biosynthesis, N-acetylmuramyl pentapeptide is 

synthesized in the form of its uridine diphosphate-N-acetylmuramyl pentapeptide (UDP-
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MurNAc-pentapeptide). This UDP-MurNAc-pentapeptide is transferred enzymatically from 

UDP to a membrane-bound lipid intermediate undecaprenyl phosphate (lipid II). The MurNAc-

pentapeptide attached to undecaprenyl phosphate is added N-acetylglucosamine. The entire 

disaccharide unit is then transferred to the growing end of peptidoglycan polymer. The 

completed unit is then cleaved from the lipid II (Sandhu, 2014). This cleavage reaction is 

inhibited by teixobactin. Teixobactin likely binds to the pyrophosphate moiety and the first sugar 

moiety attached to the lipid carrier (Guo et al., 2018). This causes the accumulation of UDP-

MurNAc-pentapeptide, which is also shown by vancomycin.  

Another vital component of the gram-positive cell wall is a polymer of glycerol 

phosphate or ribitol phosphate known as teichoic acid. It is a significant cell wall surface antigen 

of gram-positive bacteria. Teichoic acid includes wall teichoic acid (WTA), connected to 

peptidoglycan, or lipoteichoic acid (LTA), anchored in the cytoplasmic membrane. Teichoic acid 

plays an essential role in bacterial physiology, and teichoic acid biosynthesis is an essential 

target for antibiotic development. Teixobactin is also an inhibitor of WTA biosynthesis since a 

similar structural motif of lipid II is also present in the WTA precursor lipid III (Homma et al., 

2016). 

Figure 2: Mechanism of action of Teixobactin (Guo et al., 2018) 

 

Synergistic inhibition of both targets (peptidoglycan and teichoic acid), results in cell 

wall damage, delocalization of autolysins, and subsequent cell lysis (Homma et al., 2016). It can 



Advances in Microbiology Volume I 

    (ISBN: 978-93-91768-60-7) 

 

25 
 

also bind with lipid I. However, lipid I is intracellularly located, unlike the surface-exposed lipid 

II and lipid III. So, binding with lipid I does not contribute significantly to antimicrobial activity 

(Guo et al., 2018). Teixobactin does not bind mature peptidoglycan (Homma et al., 2016). 

Enduracidin-containing compounds, mannopeptimycin, and enduracidins also bind lipid II. It has 

no effect on DNA, RNA, and protein (Ling et al., 2015; Guo et al., 2018).  

 

Antimicrobial spectrum: 

Teixobactin shows good bactericidal activity against many gram-positive pathogens, 

including MRSA, vancomycin-intermediate S. aureus, vancomycin-resistant Enterococcus, and 

penicillin-resistant Streptococcus pneumonia, Mycobacterium tuberculosis, Clostridium difficile, 

and Bacillus anthracis. It is good in killing late exponential phase bacterial populations (Ling et 

al., 2015; Guo et al., 2018). Teixobactin is ineffective against most gram-negative bacteria 

because they contain only a few peptidoglycan layers constituting only 10% of their dry weight. 

But it showed good activity against a strain of Escherichia coli asmB1 with a defective outer 

membrane permeability barrier. It has superior bactericidal and bacteriolytic activity than other 

cell wall inhibiting antibiotics like the β-lactam oxacillin, or the glycopeptide vancomycin. Also, 

resistance to teixobactin was not detected in several in vitro studies. 

 

iChip technology: 

The antibiotic discovery phase has been running at a slow pace because most bacteria 

from the environment cannot be grown in the lab by conventional culture techniques, which 

leaves a large percentage of microorganisms unexplored for their antibiotic-producing capability. 

Isolation chip or iChip technology is a multichannel device and a novel cultivation technique that 

paved the scope for natural product mining to cover the entire microbial community. It is used to 

screen for compounds from antibiotic-producing soil microorganisms. This technique allowed 

the isolation of the untapped unculturable microorganisms. It is estimated that only 1% of 

microorganisms from the soil are grown by conventional microbiological approaches.  

The iChip assembles plastic plates and membranes to capture environmental 

microorganisms that produce antimicrobial compounds. It is made of plastic plates containing 

hundreds of pores. Each pore forms a very small diffusion chamber that permits only one 

microorganism's growth. Then the plate is dipped in a dilution of a soil suspension. This plate is 

clamped to membranes to allow the microorganisms' growth and diffusion of any antimicrobial 

compounds. Diffusion of nutrients and growth factors through the chambers enables the growth 
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of uncultured bacteria in their natural environment (Fig. 3). The growth recovery by this method 

approaches 50%, as compared to 1% of cells from soil that will grow on a nutrient Petri dish. 

Once a colony is produced, a substantial number of uncultured isolates can grow in vitro (Ling et 

al., 2015; Piddock, 2015; Sherpa et al., 2015). 

 

Figure 3: The iChip system. (a) The central plate placed in cell suspension.  

(b) Each pore forms a very small diffusion chamber (c) The plate is then clamped to 

membranes to allow the microorganisms' growth (Sherpa et al., 2015) 

 

Usually, broth and solid media are the two types of media used to grow microorganisms 

in the lab. Inoculated bacteria grow according to their generation time utilizing nutrients and 

environmental factors. Those with complex requirements cannot grow in such an environment 

provided in the lab. iChip has made possible the incubation of bacteria in their natural 

environment after trapping them in the chambers of the chip. This screening method will greatly 

facilitate the discovery of new antibiotics in the future. 

 

In vivo efficacy: 

Teixobactin maintained its potency in the presence of serum, was stable, and had good 

microsomal stability and low toxicity. The pharmacokinetic parameters determined after 

intravenous injection of a single 20 mg/kg dose in mice maintained the minimum inhibitory 

concentration (MIC) level above 4 hrs in serum. It also showed promising efficacy in a mouse 

septicemia model. Teixobactin was administered to mice infected with MRSA intravenously at 

single doses ranging from 1 to 20 mg/kg. All treated animals survived, and in a subsequent 
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experiment, the PD50 (protective dose at which half of the animals survive) was determined to be 

0.2 mg/kg, which is comparable to the PD50 of vancomycin, which was used to treat MRSA 

earlier. Also, teixobactin tested in a thigh model of infection with S. aureus, and mice infected 

with Streptococcus pneumonia showed good efficacy (Ling et al., 2015).  

 

Resistance and Toxicity: 

To date, no study has reported the resistance concerns of teixobactin. It acts against gram-

positive bacteria by binding to the prenyl-pyrophosphate-GlcNAc region of lipid II. This region 

is highly conserved in bacteria, it cannot quickly mutate to impart drug resistance (Yang et al., 

2016). Plating on media with a low dose of teixobactin did not produce teixobactin-resistant 

mutants of S. aureus and M. tuberculosis. Also, serial passage of S. aureus in the presence of 

sub-MIC levels over 27 days failed to produce any teixobactin-resistant strains. No toxicity has 

been reported with teixobactin so far. It did not show any in vitro toxicity against mammalian 

NIH/ 3T3 and HepG2 cells at 100 mg/ml, and showed neither hemolytic activity nor DNA-

binding activity (Guo et al., 2018). 

 

Conclusion: 

Teixobactin is a promising therapeutic candidate that is effective against a number of 

drug-resistant pathogens tested against various animal infection models. The properties of 

teixobactin suggest that it evolved to minimize resistance development by target 

microorganisms. It also showed low toxicity in mammalian cells. Recent research also reported 

its total synthesis by a highly convergent Ser ligation approach, and this strategy allows us to 

prepare several analogues of the natural product (Jin et al., 2016). Known natural products likely 

represent only the tip of an iceberg of the total natural product biosynthetic capacity. There will 

be immense natural compounds in nature with desirable qualities that are waiting to be 

discovered. Thus, the discovery of teixobactin raised an excellent promise for the emergence of 

future antibiotics without the potential to develop resistance.  
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Abstract: 

 India is a developing country and its economy is largely dependent on developments in 

agro-industrial sectors. Agro-industrial waste is generated in huge quantity per day and its 

disposal in a safe manner is a global concern. A number of physico-chemical and biochemical 

methods are used in waste management of agro-industrial origin. The biomethanation is 

considered as ecofriendly technology for waste treatment. It is a microbiological process that 

involves anaerobic degradation of complex organic material from waste to generate energy in the 

form of biogas in a sequential manner and also decrease environmental pollution potential of 

waste. There are several operational and environmental parameters that affect the performance of 

biomethanation. The anaerobic digesters are one of the most important factors that affect 

performance of biomethanation process. The present work includes overview on design and 

types of anaerobic digesters used in biomethanation of agro-industrial waste and their 

performance. 

Keywords: Agro-industrial wastes, biomethanation, anaerobic digesters, design and types, etc. 

 

Introduction: 

          India is an agricultural country. Indian economy depends mainly on developments in agro-

industrial sectors. Agro-based industries depend on raw material from agricultural sectors. Agro-

industries contribute to increased industrial production and also increases economy of the nation 

by providing opportunity for employment and thereby their economic status. Agro-industrial 

waste is generated daily in large quantities due to poor and inadequate practices like harvesting, 

transportation, processing and storage.  

          Agro-industries generate a wide number of waste products. Agro-industrial waste is mostly 

composed of lingo-cellulosic biomass. The production of agro-industrial waste is growing 
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worldwide. World Energy Council has projected that more than 6 million tonnes of waste will be 

produced every day by 2025 (WEC, 2016). Agro-industrial wastes include agriculture residues 

and industrial residues. Agriculture residues are further classified as field residues and process 

residues. Industrial waste includes a huge amount of organic residues and related effluents are 

produced every year from food and non-food industries. 

          Distilleries are the major agro-industries and were listed at the top in the ―Red Category‖ 

industries having a high polluting potential by the Ministry of Environment and Forests, 

Government of India (Tewari et al., 2007). The distilleries generate large volume of wastewater 

known as spentwash causes surface and groundwater pollution (Kanimozhi and Vasudevan, 

2010; Pant and Adholeya, 2007). Poultry industry waste includes a mixture of faecal and urinary 

excreta, bedding material, waste feed, dead birds, broken eggs, feathers removed from poultry 

houses and water flushing systems (Kelleher et al., 2002). Over-application of this waste as a 

fertilizer leads to an enriching water nutrients resulting in eutrophication of water bodies (Bitzer 

and Sims, 1988) and health hazards to animals (Oleskowicz-Popiel et al., 2009). India has the 

largest population of livestock of over 300 millions which produce about 980 million tonnes of 

dung. Most of the cattle dung are disposed in landfills or are applied to the land without 

treatment. These inappropriate disposal methods can cause adverse environmental and health 

problems such as pathogen contamination, odour, air borne ammonia, green house gases, etc 

(Harikrishnan and Sung, 2003). There are many more other agro-industries which produces solid 

and liquid waste in high quantity that have high pollution potential load. 

          The problem of disposal and management of these wastes is a major issue especially in 

developing countries nowadays. The current practices used to treat these agro-industrial wastes 

include burning, dumping or unplanned landfilling (Atelge et al., 2020). The disposal of these 

wastes by unscientific treatment methods from agricultural and agro-industrial sources causes 

serious environmental pollution. Hence this agro-industrial waste must be treated before 

discharging or reuse for other purposes by effective methods.  

          There are different physico-chemical and biochemical methods used in treatment of agro-

industrial wastes. Biological treatment is seen as one of the promising a green biotechnology that 

gives less harm to the environment while balance out the ecosystem. The one of the best 

treatment method used is biomethanation (also called as anaerobic digestion) which converts 

organic fraction of waste into biogas and leachate of high fertilizer value. Both biogas and 

leachate replace conventional energy source and chemical fertilizers, respectively (Biogas and 

liquid, 2009). The use of agro-industrial waste, a type of biomass  as alternative energy resource 

offer benefits like easy local availability without any need for major transport, reduction of 

https://www.frontiersin.org/articles/10.3389/fenrg.2021.627093/full#B73
https://www.frontiersin.org/articles/10.3389/fenrg.2021.627093/full#B6
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greenhouse gas emissions and environmental pollution, and less reliance on the earth‘s finite 

supply of fossil fuels (Muhammad et al., 2021). The biomethanation process is ecofriendly and 

technology wise simple method of energy generation and waste disposal. India being agro-based 

country which possesses huge quantities of agro-industrial waste must go for biomethanation 

process with its scientific controls. There are several types of digesters available for 

biomethanation studies. The present review paper describes types of digesters used for 

biomethanation of agro-industrial waste in detail. 

 

Design and types of anaerobic digesters: 

          Biomethanation is the anaerobic digestion of organic matter by microorganisms in 

anaerobic conditions in cascade manner. The organic matter being converted into biogas and 

liquid nutrient enriched effluent. Hydrolysis, Acidogenesis, Acetogenesis and methanogenesis 

are the reactions that occur in the anaerobic digester while breaking down the organic waste into 

the simpler material and then to methane and other gases. This whole process of biomethanation 

takes place in a sealed, gas free chamber known as an anaerobic digester. The process requires 

weeks to several months. Biogas from digesters is recovered and used for cooking, electricity 

generation or is transformed into heat in a gas heater system in cogeneration plants, thereby 

replacing other fuel sources (Zabed et al., 2020). 

           All anaerobic digesters perform the similar role but in a diverse manner. The design of 

digester influences the digesters performance. Digesters are classified as wet and dry solid waste 

digesters having 10-15% and 20-40% total solid concentrations respectively (Ward et al., 2008).  

Based on the temperature used for biomethanation, the digesters are classified as mesophilic or 

thermophilic types (Karagiannidis and Perkoulidis, 2009) where the temperature is maintained at 

less than 45°C and 45°C-60°C respectively (Nayono, 2009). Different digesters are presently 

used for biomethanation studies. Frequently used digesters include batch digesters, continuously 

fed one stage and two stage digesters. 

1. Batch digesters: 

          The entire biomethanation reactions occur successively in one tank that leads to the 

generation of biogas. Batch digesters are used to determine biogas yield at laboratory scale 

studies (Weiland, 2006). The constant gas supply can be obtained by operating several batch 

digesters in parallel (Deublein and Steinhauser, 2008). Batch digesters used for biomethanation 

studies are classified as: Single stage, Sequential batch and Hybrid batch Upflow Anaerobic 

Sludge Blanket (UASB) digester (Fig.2.2). The mixing in single stage batch digester is achieved 
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by sludge recirculation. The waste is digested till maximum biogas is produced and then reactor 

content is emptied and loaded again. The sequential batch digesters use two or more digesters 

where the sludge from the first digester is added to the second. The leachate from the second 

digester is added to the first digester. This type of flow system moves organisms and nutrients 

between digesters. The hybrid batch-UASB is made up of a simple batch digester coupled with a 

UASB digester (Vandeviviere et al., 2002). 

 

Figure 2.2: Different types of batch digesters (Vandeviviere et al., 2002) 

 

2. Continuously fed one-stage digesters: 

          These digesters give constant and continuous biogas production since the feed substrate is 

continuously added removing equivalent quantity of the digester sludge. All biomethanation 

reactions in one-stage systems occur in same digester at same conditions of biomethanation 

process (Yu et al., 2002).  

 

Figure 2.3: Schematic drawing of a Continuously stirred tank reactor 

(https://udtechnologies.com/continuous-stirred-tank-reactor-cstr) 

https://udtechnologies.com/continuous-stirred-tank-reactor-cstr
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 They are operated at longer HRT and low solids concentrations. The continuously stirred 

tank reactor (CSTR) is a typical example of continuous fed one-stage systems (Fig. 2.3).  These 

are commonly used to treat the waste having low solids content (2-10% TS). The substrate is fed 

continuously or intermittently for maximum efficiency and no retention of biomass occurs. The 

mixing is done by mechanical methods or recirculation of biogas. The CSTR is normally 

operated at HRT 20-30 days and OLR 1.7 kg VS/m3/day. The limitations of CSTR are that the 

digester effluent contains some fraction of undigested feed material.  

Continuously fed two-stage or multi-stage digesters: 

         Two stage anaerobic digestions uses separate digesters for acidification and 

methanogenesis, since the organisms involved in both processes are nutritionally and 

physiologically different. The hydrolysis-acidogenic and methanogenesis reactions are 

performed in thermophilic and mesophilic conditions repsectively The HRT reported for 

thermophilic hydrolysis-acidogenic digester is 1-4 days. The HRT of methanogenic digester is 

10-15 days (mesophilic) and 10-12 days (thermophilic). The advantages of this system include 

high biodegradation efficiency, shorter HRTs and higher OLRs (Fezzani and Cheikh, 2010). 

However, the operation of this system is more expensive. 

 There are two types of digesters as Low rate digesters and High rate digesters. 

3. Low Rate digesters:  

          In low rate digesters, the microbial source of biomethanation is the feed substrate.  It 

includes the following digesters: 

3.1. Complete mix digester:  

          They are operated at either mesophilic or thermophilic conditions. The temperature of 

these digesters is maintained constant by insulation. The desired temperature in digester is 

achieved by hot water circulation. The mixing is achieved by either mechanical methods or 

recirculation of effluent. Biogas produced in the digester is collected by either floating or fixed 

cover. Additions of feed substrate cause the displacement of same quantity of sludge from the 

biomethanation plant. The organic waste with 3-10 % TS is very effectively treated by these 

digesters at 10-15 days HRT. Advantages include good biogas production, low HRT, uniform 

mixing of the substrate, very good bacterial contact with liquid. Disadvantages include high 

capital cost and mechanical problems. The complete mix digesters are of two types- 

 Floating dome type of digester (Indian or KVIC Design):                                                       

 Floating dome type digesters are cylindrical with metallic floating drum or gas-holder, 

inlet tank, outlet tank, inlet pipe, outlet pipe and partition wall. The biogas pressure in digester is 
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kept constant by moving floating drum up and down. The commonly used floating dome type of 

biogas plants are KVIC (Khadi and Village Industries Commission) Model, Pragathi Model, 

Ganesh Model etc. The schematic of floating drum KVIC model is as per Fig 2.4. These type of 

plants have many advantages such as volume of gas can be observed by sensing the drum 

position, the biogas produced is maintained at constant pressure in the digester, integrated 

arrangement for scum breaking, etc. Construction costs vary but the government is providing 

subsidies. The mild steel material of floating drum cause the corrosion problem which is 

overcome by use of fibre glass reinforced plastic material.  

 

Figure 2.4: Schematic drawing of floating dome type of digester 

(https://www.appropedia.org/Floating_drum_biogas_digestor) 

 

 Fixed dome type of digester:                                                                                                            

 

Figure 2.5: Schematic drawing of fixed dome type of digester 

(https://www.appropedia.org/Fixed_dome_digester) 

 

A fixed-dome plant has a dome shape and fixed, immobile gas-holder as per Fig 2.5. 

Some of the designs of this type of digester are Chinese fixed-dome plant, Janata Model, 

https://www.appropedia.org/Floating_drum_biogas_digestor
https://www.appropedia.org/Fixed_dome_digester
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Deenbandhu Model, CAMARTEC model. The fixed dome plants are less costly as compared to 

floating dome plants. The fixed dome is most commonly used digester type in developing 

countries. This digester is constructed underground using bricks. Two hemispherical parts of the 

digester are connected by straight sides. The inner surface of the digester is made gas tight by 

sealing. The feeding of substrate in biomethanation plant is done once a day. The biogas 

generated in the biomethanation plant gets accumulated and creates pressure in the dome.  

3.2 Plug flow digester:  

 The substrate material fed to digester displaces same quantity of sludge from the digester 

(Fig.2.6). Larger particles of the fed substrate when are attacked by microorganisms during 

biomethanation process, becomes sticky and form a plug in the digester and hence is so named. 

Mechanical mixing is not required. These digesters are operated at 11-14 % TS, OLR 1-6 kg 

COD/m
3
.d, and HRT 18-20 days. They are long rectangular tanks made from concrete with an 

elastic geosynthetic cover for collection of biogas. The desired temperature in digester is 

achieved by hot water circulation. The advantages include simplest digester design, reasonable 

HRT and are cheap. The disadvantages includes high TS necessity in feed substrate, little biogas 

yield, slow biodegradation and periodic cleaning of the digester is needed. 

 

Figure 2.6: Schematic drawing of a plug flow digester (Ghosh and Bhattacherjee, 2012) 

 

2.4 High Rate digesters: 

The biomethanation efficiency is increased in high rate digesters by trapping the 

biomethanating microorganisms. This treatment process is very cost effective for a variety of 

organic wastes. They provide good contact between biomass and feed substrate. It is achieved by 

increasing the microbial number by allowing the individual cells to agglomerate to form sludge 

granules that have better settling properties. The microbial number can also be increased by 

allowing the cells to grow attached over the surface of an inert carrier material. The high rate 

digesters are of two types- 
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2.4.1 Suspended growth digesters:                                                                                                                      

 Microorganisms are in suspended form towards the upward stream of feed substrate. The 

flow of fed substrate is in such a way that fine substrate particle leaves the digester whereas large 

particle are retained in the digester. The suspended growth digesters are Upflow anaerobic sludge 

blanket (UASB) digester and the Induced blanket reactor (IBR).  

 Upflow anaerobic sludge blanket digesters:  

 In this type of digester, the slurry made from feed substrate flows towards upward 

direction through a bed of sludge material or of settled microorganisms (Fig.2.7). This ensures 

even circulation of feed substrate in digester. There is provision in the digester for separation of 

biogas and biomass from liquid. The digester efficiency remains unaffected even with very high 

influent flow of feed substrate. These digesters are effectively operated at OLR 40 kg 

COD/m
3
/day and HRTs 4-24 hrs. The UASB does not require operational expenses. The 

demerits of UASB are disruption of the bed at high velocity of incoming feed material and 

vigorous generation of biogas.  

 

Fig. 2.7: Schematic drawing of Upflow anaerobic sludge blanket digester 

(http://www.engineeringfundamentals.net/UASBs/fundamentals.htm) 

 

 Induced blanket digester: 

 The IBR digester constitutes a blanket of sludge that actually carries out digestion of 

incoming feed substrate from its bottom (Fig. 2.8).  The sludge bed consists of active microflora 

that is responsible for transformation of substrate to biogas. The IBR digesters are known to 

operate effectively at 6-8% TS, OLR 5- 9.1 kg COD/m
3
.d and HRT 3-5 days. The limitations of 

IBR digesters are foaming problems cause difficulties with gas collection and loss of biomass 

from digester can occur. 

http://www.engineeringfundamentals.net/UASBs/fundamentals.htm
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Fig. 2.8: Schematic drawing of Induced blanket reactor 

(http://articles.extension.org/pages/30307/types-of-anaerobic-digesters)  

(Courtesy of Conly Hansen, Utah State University) 

 

2.4.2 Supported growth digesters: 

 Supported growth digesters or anaerobic biofilm digesters contain surface microflora of 

inert carrier particles in the digester. The attached film of biomass gradually develops into thick 

biofilm which get sloughed off and enters the digester effluent. Types of attached growth 

systems include: 

 Anaerobic packed-bed digesters: 

 Anaerobic packed-bed digester, also called fixed bed digester have a waste distributor, a 

medium support structure, a headspace to store biogas, and equipment for recycling of effluent 

(Fig.2.9). The fed substrate moves upward or downward through a solid support that contains 

attached biofilm. Packed-bed digesters resist biomass washout due to hydraulic shocks as 

compared to UASB digesters. The clogging of digester can occur because of increased thickness 

of biofilm, high solid concentration in feed substrate and slow attachment of microorganisms to 

the inert support material in the beginning. 

 Anaerobic fluidized bed digesters: 

 Anaerobic fluidized bed digesters, also called expanded bed digesters consists of granules 

coated with a thin film of degradative microorganisms, inlet for waste, head space for biogas 

collection and recycling facilities for effluent (Fig. 2.10).  Small sized sand, basalt, or PVC 

particles are used as support media. The feed material during its passage through digester causes 

http://articles.extension.org/pages/30307/types-of-anaerobic-digesters
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expansion or fluidization of the particles from the bed resulting into the increased surface for 

subsequent attachment of microorganisms.  

The bed of sludge material is positioned at bottom in expanded bed digesters whereas the 

sludge material from fluidized bed digesters is evenly dispersed in whole digester resulting into 

better contact of substrate particles with the degradative microorganisms. It has very high 

biodegradation rate. The disadvantages are high energy requirement, a complicated inlet system, 

and granules become unstable and get either disintegrated or sometimes get washed out from the 

digesters.  

 

Figure 2.9: Schematic drawing of anaerobic packed bed digester 

(https://www.researchgate.net/figure/277741854_fig1) 

 

Figure 2.10: Schematic drawing of anaerobic fluidized bed digester 

(http://web.deu.edu.tr/atiksu/ana58/vege.html) 

https://www.researchgate.net/figure/277741854_fig1
http://web.deu.edu.tr/atiksu/ana58/vege.html
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Conclusion: 

           This paper reviewed the design and types of anaerobic digesters used in biomethanation 

of agro-industrial organic waste. It is evident that biomethanation is cost effective ecofriendly 

microbiological treatment used for management of these wastes. The digester for a particular 

waste treatment is selected as per its requirements with respect to physico-chemical 

characteristics of waste and performance. 
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Introduction: 

 The population explosion worldwide has increased the need for agricultural crop 

production in large scale which not only causes exploitation of natural resources but also 

decreases soil fertility and capacity. With limited resources, pest or insect attack and 

environmental degradation it is becoming more and more difficult to attain agricultural 

sustainability.  Safer and productive means of agricultural practices are gaining importance day 

by day that is made possible by the use of microbes or a consortium of microbes to improve 

growth and yield of plants. Genetic modifications are also practiced to get the desired results like 

use of microbes as biomarkers in plant breeding to develop formulations for controlling growth. 

Microbe mediated bio-fortification or use of novel nanotechnology techniques are booming 

unraveling the potential for sustainability in agriculture (Lavanyaa et al., 2021).  

 Some modern technologies paired with scientific advancement have shown us that 

symbiotic organisms like rhizobacterialbiostimulants, endophytic microbes, and 

arbuscularmycorrhizal fungi can be used successfully used in bio-control of plant pathogens, 

bioremediation or nitrogen fixation. Soil fertility can be manipulated by the use of these 

microbes and their interactions without hampering the benefits of the stakeholders (Nayak et al., 

2022).  

 This chapter emphasizes on two such technologies which are showing newer horizons 

and forming the building blocks which will pave the pathway towards development of 

sustainable agricultural systems worldwide. 

 

Plant Growth Promoting Rhizobacteria (PGPR): 

 The narrow zone of soil that surrounds the root and remains in constant influence of the 

root system of plants is termed as rhizosphere. This area is nutritionally rich as compared to the 

normal soil since it get mixed up with exudate, secretion or deposition from roots. Usually 
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components like amino acids, fatty acids, nucleotides, organic acids, phenolics, plant growth 

regulators, putrescine, sterols, sugars, vitamins etc. are secreted which pampers lavish and 

intense bacterial growth. Some of these plant associated bacterial population has the ability to 

colonize in the roots called rhizobacteria which may have beneficial, harmful or neutral effect on 

plant growth. Beneficial rhizobacteria that stimulate plant growth are usually referred to as Plant 

Growth Promoting Rhizobacteria (PGPR).  

 Nowadays, it was observed that some of the Fungi also helps in promoting plant growth. 

Hence the abbreviation PGPR is now expanded as ‗Plant Growth Promoting 

Rhizomicroorganisms‘. This change was proposed and accepted during the first Asian congress 

on PGPRs held at Hyderabad in 2009 (Boby et al., 2008; Vacheron et al. 2013).
 

 PGPR can exert positive effects on diverse hosts including barley, bean, canola 

(mustard), cotton, peanut, lentil, rice, soybean, vegetables and woody species including apple 

and citrus. These growth promoting rhizobacteria have been studied in relation to a wide range of 

crop plants like cereals, pulses, oil seeds, fibre crops, vegetable and horticulture crops, plantation 

crops etc. 

1. Examples of some important PGPR 

 PGPR strains that are often found among different plant species includes organisms like 

Acetobacter sp, Actinoplanes sp, Agrobacterium sp, Alcaligenes sp, Arthrobacter sp, 

Azospirillum sp, Azotobacter sp, Bacillus sp, Cellulomonas sp, Enterobacter sp., Flavobacterium 

sp, Glomussp, Paenibacillus sp, Pantoea sp, Pasteuria sp, Pseudomonads sp, Rhizobia sp, 

Serratia sp, Streptomyces sp, Trichoderma sp. etc. that can colonize in over 300 different types 

of plant species to enhance their activity and helps them in maintaining a better ecological 

balance. 

2. Mechanism of action of PGPR 

 In a broader sense, PGPR can affect plant growth in two different ways; directly or 

indirectly. The direct promotion involves either providing the plant with a compound that is 

synthesized by the bacterium or facilitating the uptake of certain nutrients from the environment. 

The indirect promotion of the plant growth occurs when PGPR lessens or prevent the deleterious 

effect of one or more phytopathogenic organisms. The mechanismsthat are adopted by these 

PGPRs in order to help the plant systems are as follows: 

 They can colonize the roots of plants and enhance plant growth by secretion of various 

phytohormones or plant growth regulators (PGRs), which enhances the lateral root 

branching and root hair developmenteven at extremely low concentrations.The 

phytohormones produced by PGPRs are mostly indole acetic acid, cytokinins, 
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gibberellins and a few others like abscisic acid, zeatinriboside etc., which often lead to 

morphological changes in the plants (Bagyaraj, 2011). 

 They increase mineral and nitrogen availability in the soil. 

 The bacterial strains regulate plant growth by mimicking synthesis of plant hormones. 

 Their metabolic activity improves the overall plant growth, signaling, root functioning 

and physiology.  

 They suppress phytopathogenic microorganisms viasiderophores, HCN, β- 1-3 

gluconases, chitinases, ammonia, antibiotics and volatile substances. 

 PGPR can form coherent functional groups that are influenced by several biotic and 

abiotic factors of soil that in turn affects their behavior on roots. So, it is important to 

study the nature of PGPRs in the light of modern genetic concepts like gene expression 

patterns, size, diversity etc. (Sreenivasa, et al. 1988).  

 

Arbuscular Mycorrhizal Fungi (AMF): 

 Arbuscular mycorrhizal (AM) fungi, soil-borne microbes, have also received 

considerable attention in recent years with regard to nutrition and development of host plants. 

The obligate symbiotic nature of AM fungi presently dictates that all AM inoculums must be 

grown on the roots of an appropriate host plant.It facilitates the plant so as to grow vigorously 

under stress and helps to perform a chain of complex communication events leading to higher 

water intake, photosynthetic and gas exchange rate. Resistance to environmental stresses like 

drought, high saline conditions, invasion by herbivores, temperature fluctuations, presence of 

metals, disease and pest improves by the use of these fungal symbionts (Bagyaraj, 2011).  

1. Examples of some important AMF 

 Majority of AMF belongs to the phylum Mucoromycota, sub-phylum Glomeromycotina, 

of order Glomerales, Archaeosporales, Paraglomerales, and Diversisporales includes 25 genera. 

They are obligate biotrophs and endosymbionts that contribute in the improvement of crop 

ecosystem (Spatafora, et al. 2016; Redecker, et al. 2013). Major names include Trichodermasp, 

Piriformospora sp, Saccharomyces sp, Rhodotorula sp. etc. 

2. Mechanism of action of AMF 

 There are several ways by which arbuscular mycorrhizal fungi can facilitate plant growth. 

In most cases, the mechanisms have distinct similarities with how plant growth promoting 

rhizobacteria works but with a few differences which can be enlisted as follows: 
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 Mutualistic association helps in plant growth and development increasing nutrient uptake 

(Bago et al., 2000). 

 Mycelial colonization of different species in the roots of the plants may form common 

mycorrhizal network (CMN) which significantly affect terrestrial ecosystem particularly 

invasive plants (Gianinazzi et al. 2010). 

 Access of root systems is enhanced to large area of soil surface due to formation of 

vesicles, arbuscules, spores and hyphae in the rhizosphere (Smith and Reed, 2008). 

 They help in nutrient translocation and uptake, carbon di oxide fixation, improves soil 

texture and decomposes soil organic matter (Rouphael et al. 2015).  

 Phosphorous, nitrogen, nutrientsare transported via fungus to the plants improving its 

tolerance to biotic and abiotic factors (Zou et al. 2016; Thirkell et al., 2017; Paterson et 

al. 2016). 

 It improves plant tolerance to stressful events bringing several changes to morphological 

and physiological traits (Pringle et al. 2009). 

3. AMF as biofertilizer 

 Sustainable crop production is made possible by the use of AMF as bio-inoculants since 

they are considered as natural growth regulators for terrestrial flora (Alqarawi et al., 2014 a; 

Alqarawi et al., 2014 b; Hashem et al., 2015). It became evident through research that AMF 

inoculated soil have higher amount of extra radical hyphal mycelium than non-inoculated soil 

(Barrow, 2012; Syamsiyah et al., 2018).Glomalin related Soil proteins (GRSP) has the capacity 

to retain excess water during draught or any other stress due to carbon content of 40% can be 

found associated with AMF(Wu et al., 2014; Sharma et al., 2017). AMF as bio-fertilizer also 

performs secondary functions affecting leaf water potential, conductance of stomata, relative 

water content of vital organs, efficiency of photosystem II or carbon di oxide assimilation (He et 

al., 2017; Chandrasekaran et al., 2019). Inoculation may improve stress and draught tolerance 

along with protection against salinity. In a word AMF contributes greatly to promote the system 

of organic farming and with an advance of yield maximization.  

 In spite of these advantages, due to some major bottlenecks, the application of this 

technology to commercial crop production has been minimal. Added to this, many ecological 

aspects of AM fungi like the optimum quantity of inoculum, shelf life, etc., are yet to be worked 

out (Sreenivasa, 1992). 
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A case study based on chilly plant: 

 Chilli is the dried ripe fruit that belongs to the genus Capsicum. Capsicum annuum is an 

annual shrub, having single flower and pendent like fruits which forms red peppers, cayenne, 

paprika, chilli and sweet pepper such as bell pepper. Chilli is native of South America but widely 

distributed in all tropical and sub-tropical countries including India (Spices Board, India). 

 Many scientific investigations suggested that PGPR and AMF affects the growth of chilli 

as they remain in symbiotic relationship with plant roots producing growth nutrients for the plant 

or inhibiting the toxins and their deleterious effect. They can also perform their activities in 

different soil conditions even if it is saline and causes phytoremediation for plants (Pei-Chun 

Chang, 2007). 

 Dr. Bagyaraj and his students at the Center for Natural Biological Resources and 

Community Development (CNBRCD), used two local varieties of Chilli seeds, Namdhari 

(Chilli- NS 1701) and Ujjala F1 hybrid and sown them on coco-peat. They were left for 

germination in polyhouses and after three weeks, old seedlings were transplanted into poly-bags 

containing soil: sand: compost (1:1:0.25 v/v/v) as the substrate. Three different PGPRs; 

Methylobacterium radiotolerans, Paenibacillus elgii and Bacillus licheniformis, and one AM 

fungus Glomus mosseae were added to the planting hole before transplanting the seedlings. The 

bacterial cultures were previously grown on nutrient broth and 5 ml of the broth cultures was 

added to the planning hole. Glomus mosseae was grown in the roots of the Rhodes grass (Chloris 

gayana) with the substrate soil: perlite: vermiculite in the ratio 1:1:1 v/v/v. After 50 days, the 

shoots of the Rhodes grass was trimmed and the roots cut into small pieces and the substrate 

were air dried and used as the inoculums (10 g approx.). One control treatment without 

inoculation was also maintained to check any difference (Figure 1). Plant growth parameters like 

height in cm, stem girth in mm and Bio-volume Index were monitored after 50 days to know the 

influence of PGPRs and AM Fungus on the growth of chilly.  

 The results obtained for both the varieties can be seen in Table 3. For NamdhariChilli - 

NS 1701, considering the bio-volume index, it can be concluded that Methylobacterium 

radiotolerans inoculation resulted in highest bio-volume index. However it did not differ 

significantly from inoculation with Bacillus licheniformis, Glomus mosseae and the uninoculated 

treatment. For Ujjala F1 hybrid, the results were non-significant at 5% level. However the bio- 

volume index was maximum in G. mosseae inoculated plants followed by Bacillus licheniformis 

and Paenibacillus elgii treatments. The least bio-volume index was observed in the uninoculated 

plants. 
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a. b.  c.  d.  

e.  f.  g.   

Figure 1: a) seeds of Namdhari (chilli –NS 1701, green seed) and Ujjala F1 hybrid (red 

seed) ; b) Germination  of the seeds after 1 week; c) Rhodes grass (Chlori sgayana)  grown 

to culture Glomus mosseae; d) Poly- house meant for growing the seeds; e) Poly bag with 

planting hole for adding PGPRs; f) Growth of the chilli plants after 50 days; g) Picture 

showing difference in growth and development of chilli plant with control (left) and with 

PGPR (right) 

 

Table 1: Plant height, stem girth and bio-volume index of Namdhari Chilli - NS 1701 and 

Ujjala F1 hybrid Chilli as influenced by PGPRs and AM Fungus 

Name of the 

Chilli Plant 

Treatment given Height 

(cm) 

Stem girth 

(mm) 

Bio-

volume 

Index 

(BVI) 

Namdhari 

Chilli-NS 1701 

Uninoculated 17.42
ns 

5.08
ns 

88.49 

Glomusmosseae 17.92
ns 

5.14
ns 

92.10 

Methylobacterium radiotolerans 18
ns 

5.77
ns 

103.86 

Bacillus licheniformis 18.07
ns 

5.6
ns 

101.19 

Paenibacillus elgii 16.5
ns 

4.92
ns 

81.18 

Ujjala F1 

hybrid Chilli 

Uninoculated 19.92
ns 

4.74
ns 

94.42
ns 

Glomusmosseae 21.71
ns 

5.60
ns 

121.57
ns 

Methylobacterium radiotolerans 21.42
ns 

4.93
ns 

105.6
ns 

Bacillus licheniformis 23
ns 

5.20
ns 

119.6
ns 

Paenibacillus elgii 22.57
ns 

5.04
ns 

113.75
ns 



Advances in Microbiology Volume I 

    (ISBN: 978-93-91768-60-7) 

 

47 
 

 ‘ns’ here signifies  not significant which means the values when analyzed  statistically , 

they were not significant enough to draw any conclusion at P= 0.05 level by Duncan’ Multiple 

Range Test 

 Further from the results it is evident that the varieties of chilli differ in their response to 

inoculation with different PGPRs. However, the plants were still very small to detect any 

significant change regarding their growth and yield. The plant growth response to inoculation 

may be continued till the fruit yielding stage to get any strong conclusion. 

 

Conclusion: 

 Plant Growth Promoting Rhizobacteria or PGPR and Arbuscular Mycorrhizal Fungi 

(AMF) can serve as growth enhancer and stimulant on the overall development and resistance of 

different plant species. These can be natural alternatives to different types of chemical fertilizers 

that not only decrease the soil capacity but also are harmful to the people consuming it. Thus the 

ecological balance is maintained without any production of byproducts or other harmful residues 

which are also deleterious for other living creatures that resides on soil. Promotion, large scale 

effort, mass awareness, Government interference and funding is needed in order to make it a 

regular practice in agriculture. 
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Abstract: 

 Azadirachta indica A. Juss. (Neem) is a well known medicinal plant that is native to 

India. Neem products are known to have several biological activities including antibacterial, 

antifungal, and insecticidal activities. The neem plant has found its application in different 

medicine systems practiced worldwide. Plants are colonized by enormous number of 

microorganisms and their count can be more than the number of plant cells. Neem plant also 

provides a unique biological niche for the growth of microorganisms and many microorganisms 

are found associated with this plant. These microbes may be endophytes having numerous 

biological properties and functions. Endophytic microbes are believed to be associated with the 

production of bioactive compounds of host as well as many other useful metabolites.  

Keywords: Neem, Azadirachta indica, microbiota, endophytic fungi, bioprospecting  

 

Introduction: 

Azadirachta indica A. Juss. (Neem) belongs to the family Meliaceae. It is commonly called 

‗Indian Lilac‘ or ‗Margosa‘. Owing to its medicinal properties in the Charaka Samhita neem is 

referred to as ‗Sarva Roga Nivarini‘ meaning ‗the curer of all ailments‘. In India, since time 

immemorial, almost all parts of the neem plant have been used for the treatment of different 

ailments. Due to its diverse medicinal properties, neem has been integral part of Ayurveda 

medicine for more than 4000 years (Girish and Shankara Bhat, 2008).  

Higher plants, including neem, form a specialized and unique biological niche that supports 

the growth of microbes. The microbial component of the plant, also termed as plant microbiota, 

comprises all microorganisms in the rhizosphere, phyllosphere and endosphere that have 

important functions supporting plant growth and health. Plant microbiota consists of different 

types of microbes including fungi, archaea and bacteria (Compant et al., 2019).  Plants actively 
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recruit their microorganisms from surrounding microbial reservoirs such as the rhizosphere 

(soil), the phyllosphere (the aerial plant habitat mainly the leaf surface), the anthosphere (the 

external environment of flowers), the spermosphere (the exterior of germinated seed) and the 

carposphere (the external fruit environment) (Hardoim et al., 2015). Thus, every plant supports a 

suite of microorganisms including endophytes. Neem tree is also associated with various 

microorganisms that exhibit different interactions. A large number of studies have been done on 

the diversity of endophytes of neem and their bioprospecting. 

 

Endophytic fungi from Azadirachta indica 

Endophytes are microbes that colonize the living internal tissues of plants without causing 

any immediate evident negative effects (Bacon and White, 2000; Janso and Carter, 2010). All 

vascular plants harbor endophytic organisms in all parts like leaves, stem, bark, fruit, and roots 

(Zhang et al., 2006). Endophytic fungi have been isolated from leaves, stems and roots of woody 

plants in the temperate regions and the tropics (Rodrigues and Petrini, 1997; Mahesh et al., 

2005). They are potential producers of novel secondary metabolites with various bioactivities 

(Arnold et al., 2001; Strobel and Daisy, 2003). Isolation of a potent anticancer agent, taxol from 

Pestalotiopsis microspora, an endophyte of the yew tree and the phytohormone-producing 

fungus from rice plant, Gibberella fujikuroi suggests the potential of endophytes as a source of 

useful metabolites (Stierle et al., 1993; Strobel and Long, 1998). 

Fungal endophytes have been observed within all healthy tissues of A. indica including 

mesophylls, palisade and spongy parenchyma and vascular tissue. The prominent fungal 

structures observed were the fungal mycelia and occasionally spores (Verma et al., 2012). The 

species richness and diversity of endophytic fungi are significantly affected by plant tissue. The 

aged tissues harbor more endophytes than the young (Rajagopal and Suryanarayanan, 2000; 

Verma et al., 2011). 

Fusarium avenaceum along with four sterile mycelia were recorded from the leaves of A. 

indica. The occurrence of these foliar endophytes was found to be influenced by environment, 

and type and chemistry of the host tissue (Rajagopal and Suryanarayanan, 2000). A total of 77 

endophytic fungal isolates belonging to 15 genera were isolated from the inner bark of A. indica. 

The colonization frequency was 38.5%. The fungal composition included 71.4% of 

hyphomycetes (Acremonium acremonium, Aspergillus flavus, Aspergillus niger, Aspergillus 

oryzae, Cladosporium acaciicola, Cladosporium cladosporioides, Cochlonema verrucosum, 

Curvularia lunata, Fusarium clamydosporum, Fusarium moniliforme var. subglutinans, 

https://www.sciencedirect.com/science/article/pii/S2090123219300700#b0015
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Fusarium oxysporum, Fusarium solani, Gliomastix spp., Nigrospora oryzae, Penicillium spp., 

Trichoderma spp. and Verticillium albo-atrum), 18.2% of coelomycetes, (Pestalotiopsis spp., 

Phoma eupyrena, Phyllosticta spp.), 6.5% of ascomycetes (Chaetomium crispatum,  

Chaetomium globosum) and 3.9% of sterile mycelia. Trichoderma spp., Penicillium spp. and 

Pestalotiopsis spp., were the most dominant endophytes isolated in this study (Mahesh et al., 

2005).  

Tejesvi et al., (2006) isolated endophytic fungal species Fusarium, Pestalotiopsis, 

Myrothecium, Trichoderma, Verticillium and Chaetomium from inner bark segments of ethno-

pharmaceutically important tree species including A. indica. An endophytic fungus Curvularia 

lunata was isolated from neem leaf (Verma and Kharwar, 2006). The endophytic fungus 

Geotrichum sp. AL4 was obtained from the leaf of A. indica (Li et al., 2007). Fungal endophytes 

namely Bartalinia robillardoides (02 isolates) and Pestalotiopsis microspora (03 isolates) were 

isolated from the bark of neem (Tejaswi et al., 2007). 

A total of 233 isolates of endophytic fungi representing 18 fungal taxa were obtained from 

segments of bark, stem, and leaves of A. indica. Hyphomycetes (62.2%) were the most prevalent 

followed by the Coelomycetes (27.4%) and Mycelia Sterilia (7.7%). The maximum species 

richness and frequency of colonization of endophytes was observed in leaf segments rather than 

stem and bark tissues. The dominant endophytic fungi isolated were Phomopsis oblonga, 

Cladosporium cladosporioides, Pestalotiopsis sp., Trichoderma sp. and Aspergillus sp. Genera 

such as Periconia, Stenella, and Drechslera were also isolated (Verma et al., 2007). A total of 

372 endophytic fungal strains were isolated from the stem, leaves, and fruits of A. indica. 

Colletotrichum was the most dominant genera, followed by Alternaria and Xylaria (Shao et al., 

2008).  

Six endophytic fungal strains such as Scytalidium sp., Pestalotiopsis sp., Colletotrichum 

sp., Alternaria sp., Nigrospora sp., and Chloridium sp., were isolated from A. indica (Verma et 

al., 2008). An endophytic fungus Phomopsis sp. YM 311483 was isolated from the stems of the 

neem plant (Wu et al., 2008). Geotrichum sp., was isolated from the leaves of the neem and 

Chloridium sp., was obtained from the root tissues of A. indica (Kharwar et al., 2009). 

Endophytic fungi, Aspergillus aculeatus YM 311498 (Wu et al., 2009a) and Nigrospora sp. YB-

141 (Wu et al., 2009b) were isolated from A. indica. 85 endophytic fungi of 10 genera were 

isolated from fresh A. indica leaves collected from Panchmarhi biosphere reserve. The 

endophytic fungi recovered belonged to hyphomycetes (68.2%), coelomycetes (19.99%), 

ascomycetes and sterile mycelium (5.88%) each. The most dominant endophytes observed were 

Trichoderma (21.17%), Pestalotiopsis spp. (16.47%) and Penicillium (15.29%). Other fungi 
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isolated included Chaetomium globosum, Phoma sp., Aspergillus flavus, Aspergillus niger, 

Alternaria alternata, Fusarium spp., and Sterile mycelia (Tenguria and Khan, 2011). An 

endophytic fungus Xylaria sp. YC-10 was isolated from stems of neem tree (Wu et al., 2011). 

A total of 272 isolates of 29 filamentous fungal taxa were isolated from neem roots and 

fruits such as Chaetomium crispatum, Chaetomium globosum (Ascomycetes), Cercinella 

mucoroides (Zygomycetes), Colletotrichum, Phyllosticta minima, Pestalotiopsis (Coelomycetes), 

Acremonium acutatum, Alternaria alternata, Alternaria dennsii, Alternaria chlamydospora, 

Alternaria longipes, Aspergillus niger, Aspergillus fumigatus, Aspergillus oryzae, Cladosporium 

cladosporioides, Cladosporium acaciicola, Curvularia lunata, Curvularia catenulata, 

Drechslera rostrata, Fusarium oxysporum, Ulocladium chlamydosporum, Chloridium virescens, 

Humicola grisea, Nigrospora oryzae, Scytalidium, Trichoderma viride, Penicillium cristata, 

Verticillium tenuissimum (Hyphomycetes) and Fusarium, Chaetomium globosum (Mycelia 

sterilia). Species such as Chaetomium, Chloridium, Scytalidium, Nigrospora and Verticillium 

were exclusively isolated from the root samples, while Humicola, Drechslera and 

Colletotrichum spp. were obtained exclusively from fruits samples. Malt yeast extract agar 

(MYA), Mycological agar (MCA), Potato dextrose agar (PDA) and Nutrient agar (NA) media 

were used for the isolation of these endophytic fungi (Verma et al., 2011a). 

Xuan (2014) isolated a fungal strain from the fruit of A. indica, which was classified as a 

Trichoderma sp., by its morphological characteristics and ITS rDNA sequence analysis. 

Endophytic fungi such as Acremonium sp., Cladosporium sp., Curvularia lunata, Fusarium 

oxysporum, Fusarium solani, Nigrospora oryzae, Pestalotiopsis sp., Phoma eupyrena, 

Phyllosticta sp., Trichoderma sp., and Verticillium albo-atrum were isolated from mature healthy 

neem leaves (Karuna Selvi and Balagengatharathilagam, 2014). Kusari et al. (2012) reported the 

isolation of a novel endophytic fungus Eupenicillium parvum from neem roots. The endophytic 

fungus Xylaria sp. YM 311647 was isolated from healthy neem stems (Huang et al., 2015). An 

endophytic fungus identified as Aspergillus sp., was isolated from leaves of A. indica (Jain and 

Kumar, 2015). Four endophytic fungi Chaetomium sp., Colletotrichum sp., Curvularia sp. and 

Trichoderma sp., were isolated from the leaves of A. indica (Kumaresan et al., 2015). Patil et al., 

(2015) reported the isolation of Cladosporium sp., and Curvularia sp., from neem.  

Aspergillus flavus, Aspergillus sp., Alternaria sp., Colletotrichum truncatum, Trichoderma 

viridae, Cladosporium sp., Penicillium sp., Nigrospora sp., Fusarium sp, and mycelia sterilia 

were isolated from leaf, stem and petiole samples of A. indica growing at five different locations 

(Taware and Rajurkar, 2015). Five species of endophytic fungi were isolated from leaf tissue of 
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A. indica with Cladosporium spp., as a dominant species. Other fungi isolated were Fusarium 

tricinctum, Penicillium spp., and Crysosporium spp. They also isolated seven species of 

endophytic fungi from neem twigs (stem) with Cryptococcus spp., being the dominant isolate. 

The other fungi isolated were Fusarium oxysporum, Aspergillus nidulans, Trichoderma spp., 

Rhizopus spp., and Fusarium sporotricoides (Abubakar et al., 2017).  

A total 101 isolates belonging to 16 fungal taxa were obtained from 120 neem samples 

(leaf with midrib, without midrib, petiole and stem). Out of the total endophytes isolated most of 

the genera were from hypomycetes, very few from coelomycetes and five were from mycelia 

sterilia. Alternaria sp., was the dominant endophyte. Other fungi isolated included 

Colletotrichum truncatum, Aspergillus sp., A. flavus, Cladosporium sp., Penicillium spp., 

Nigrospora sp., Fusarium sp., Phoma putaminum and Trichoderma viridae (Taware et al., 

2017). A total 15 endophytic fungi of 10 genera were isolated from fresh neem leaves. The 

endophytic fungi belonged to hyphomycetes (58.2%), coelomycetes (89.99%), ascomycetes and 

sterile mycelium (7.88%). The most dominant endophytes observed were Trichoderma 

(29.17%), Pestalotiopsis spp. (18.47%) and Penicillium (15.29%). The other fungi isolated 

included Chaetomium crispatum, Chaetomium globossum, Cercinella mucoroides, 

Colletotrichum, Phyllosticta minima, Acremonium acutatum, Alternaria alternata, Alternaria 

dennsii, Alternaria longipes, Aspergillus niger, Aspergillus fumigatus, Aspergillus oryzae, 

Cladosporium cladosporioides and Geotrichum sp.  (Aglave, 2018).  

From healthy and mature leaves of A. indica, nine different fungal strains were isolated. 

Five of them were identified as Alternaria spp., two of them as Colletotrichum spp., and other 

two could not be identified due to lack of any reproductive structures (Chatterjee et al., 2019). A 

total 11 different species of endophytic fungi were recorded from leaf, stem and root of A. 

indica. Aspergillus flavus showed the highest colonizing frequency (36.36%) followed by 

Alternaria alternata (28.57%), Penicillium spp. (28.0%), Aspergillus niger (24.0%), Aspergillus 

oryzae (23.80%), Fusarium spp. (20.0%) Aspergillus fumigatus (18.75%), Cladosporium 

cladosporioides (15.78%), Phoma spp. (13.63%), Chaetomium globosum (13.33%), and 

Colletotrichum spp. (13.33%). Aspergillus fumigatus, A. oryzae, Cladosporium cladosporioides, 

Alternaria alternata and Colletotrichum spp., were isolated from leaves. Aspergillus niger, 

Fusarium spp., were isolated from stem, and Penicillium spp., Phoma spp., Chaetomium 

globosum and Aspergillus flavus were isolated from roots (Qureshi et al., 2019).  

Totally 65 fungal isolates were isolated from neem leaf and stem tissues collected from 8 

different locations in Oman. In total, 23 taxa belonging to 15 genera were identified. The most 

frequently isolated taxa were Cladosporium sphaerospermum, Alternaria spp., and Aspergillus 
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niger. Leaf samples yielded more fugal taxa compared to stem (Al-Daghari et al., 2020). An 

endophytic fungus Paraconionthyrium sp. YM 311593 was obtained from the fruit of A.  indica 

(Miao et al., 2020). Four endophytic  fungi identified as Aureobasidium sp. (AIL1), Sodaria sp. 

(AIL3), Aspergillus sp. (AIS1) and Penicillium sp. (AIS2) were isolated from the fresh leaves 

and stem of A. indica (Ujam , 2020). 

 

Bioprospecting of neem endophytic fungi 

Endophytes are a source of large number of bioactive secondary metabolites with unique 

structures including alkaloids, benzopyranones, flavonoids, phenolic acids, quinines, steroids, 

terpenoids, tetralones, xanthones and others (Tan and Zou, 2001). Such bioactive metabolites 

find wide range of applications such as agrochemicals, antibiotics, immunosuppressants, 

antiparasitic, antioxidant and anticancer agents (Gunatilika, 2006). The bioactive compounds 

found in the host plant tissues might be due to the associated endophytes. Rich endophytic fungi 

in A. indica might be an important source of bioactive secondary metabolites, especially the 

azadirachtins and related tetranortriterpenoids associated with the host plant (Shao et al., 2008). 

Endophytic fungi, Eupenicillium parvum synthesizes azadirachtin which is produced by host 

neem plant. This warrant to explore biochemical nature of endophytic fungi isolated from 

medicinal plants (Kusari et al., 2012). Several reports in the recent years show that the 

endophytic fungi from A. indica produce several bioactive compounds (Li et al., 2007; Wu et al., 

2008; Kharwar et al., 2009; Wu et al., 2009 a & b; Verma et al., 2011). Nearly 32 compounds 

are reported from the endophytes of neem. 

 

Antimicrobial activity: 

Endophytic fungal species isolated from inner bark segments of A. indica exhibited greater 

antifungal activity (Tejesvi et al., 2006). Tejesvi et al., (2007) screened Pestalotiopsis strains 

from A. indica for their antifungal activity and found moderate activity against Fusarium 

oxysporum, Macrophomina phaseolina, and Fusarium verticillioides with inhibition zone (IZ) of 

5, 6, and 9 mm respectively. They concluded that Pestalotiopsis sp., could be good source of 

antifungal agents for better management of fungal pathogens. Geotrichum sp., AL4 isolated from 

neem leaves was reported to produce two new chlorinated epimeric 1,3-oxazinane derivatives, 

that have significant nematicidal activity against the nematodes Bursaphelenchus xylophilus and 

Panagrellus redivivus (Li et al., 2007).  
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 Antibacterial activity was demonstrated by the extracts of Pestalotiopsis isolated from 

A. indica against five bacterial strains such as Bacillus subtilis, Escherichia coli, Pseudomonas 

fluorescens, Xanthomonas axonopodis pv. malvacearum and Staphylococcus aureus (Tejesvi et 

al., 2008). Antifungal potential of endophytic fungi isolated from neem was evaluated by whole 

plate diffusion method. The ethyl acetate extract of Scytalidium, Chloroform extracts of 

Nigrospora, Colletotrichum and Alternaria, ethyl ether extract of Nigrospora significantly 

reduced the growth of dermatophytes, Microsporum and Trichophyton. The MIC (minimum 

inhibition concentration) ranged from 125 - 400 μg / ml for Trichophyton and 200 - 350 μg / ml 

for Microsporum (Verma et al., 2008). 

Phomopsis sp., produced some 10-membered lactones and these lactones had very 

promising activity against plant pathogens Ophiostoma minus and Botrytis cinerea with MIC 

values of 31.25 and 62.50 µg / ml respectively. These compounds also exhibited antifungal 

activities against Aspergillus niger, Fusarium avenaceum, Fusarium moniliforme, 

Helminthosporium maydis and Penicillium islandicum (Wu et al., 2008). Javanicin an 

antibacterial nephthaquinone was isolated and characterized from the endophytic Chloridium sp., 

obtained from root tissues of the A. indica. This highly functionalized nephthaquinone exhibited 

strong antimicrobial activity against Escherichia coli, Bacillus sp., Candida albicans, and 

Fusarium oxysporum at MIC ranging from 20 to 40 µg / ml, against Rhizoctonia solani and 

Verticillium dahliae at 10 µg / ml and against Cercospora arachidicola at 5 µg / ml. The bacteria 

that were the most sensitive to the javanicin (MIC 2 µg / ml) were Pseudomonas aeruginosa and 

P. fluorescens (Kharwar et al., 2009).  

Two new solanapyrone analogues and three known compounds, solanapyrone, 

nigrosporalactone, and phomalactone were isolated from the fermentation culture of Nigrospora 

sp. YB-141, an endophytic fungus isolated from A. indica. The structures of the new compounds 

were elucidated on the basis of spectroscopic analysis. Most of the compounds exhibited no or 

only weak antifungal activities (Wu et al., 2009a). Silver nanoparticles (AgNPs) synthesized 

from the extracts of endophytic fungus Aspergillus clavatus, isolated from sterilized stem tissues 

of A. indica, were tested against human pathogens such as E. coli and Ps. fluorescens (bacteria) 

and Candida albicans (fungus), using disc diffusion assay. The AgNPs were effective against 

bacteria at of 5.83 μg / ml MIC and against fungus at 9.7 μg / ml MFC (minimum fungicidal 

concentration) (Verma et al., 2010).  

The cell-free filtrate of endophytic Aspergillus sp., isolated from neem, in agar well 

diffusion assay, exhibited antibacterial activity against human pathogenic Gram-positive bacteria 

B. subtilis MTCC 121 (IZ 11.0 mm), Streptococcus mutans MTCC 497 (IZ 17.0 mm), 



Advances in Microbiology Volume I 

    (ISBN: 978-93-91768-60-7) 

 

57 
 

Streptococcus pyogenes MTCC 1924 (IZ 11.0 mm) and Gram negative bacteria E. coli MTCC 

40 (IZ 18.0 mm) and Ps. fluorescens MTCC 1748 (IZ 12.0 mm); antifungal activity against 

opportunistic fungal pathogens, C. albicans MTCC 227 (IZ 24.0 mm), Candida glabrata MTCC 

3814 (IZ 13.0 mm), and phytopathogenic fungi Fusarium graminearum MTCC 2089 (IZ 14.0 

mm) (Jain and Sharma, 2014). Ethyl acetate extracts from mycelial mats of endophytic fungi 

isolated from neem leaves were evaluated for antibacterial activity by disc diffusion method 

against Bacillus cereus, B. subtilis, S. aureus, Streptococcus pyogens (Gram positive bacteria), 

and E. coli, Klebsiella pneumoniae, Proteus sp., Pseudomonas sp., Salmonella typhi (Gram-

negative bacteria). Extracts of Cladosporium sp., Fusarium oxysporum, Fusarium solani, 

Nigrospora oryzae and Trichoderma sp., showed significant antibacterial activity against all the 

bacteria tested with the IZ ranging between 34 – 42 mm, 18 – 42 mm, 9 – 38 mm, 8 – 39 mm, 

and 9- 40 mm respectively (Karuna Selvi and Balagengatharathilagam, 2014). 

Guaiane sesquiterpenes and isopimarane diterpenes obtained from an endophytic fungus of 

neem Xylaria sp. demonstrated antifungal activity against C. albicans, Hormodendrum 

compactum, and Pyricularia oryzae with MIC values ranging between 16 to 256 μg / ml (Wu et 

al., 2014). Five new guaiane sesquiterpenes were isolated from the culture broth of the 

endophytic fungus Xylaria sp. YM 311647, obtained from A. indica. All guaiane sesquiterpenes 

showed moderate or weak antifungal activities in broth microdilution assay against five 

pathogenic fungi (Huang et al., 2015).  Endophytic fungus Aspergillus sp., isolated from neem 

leaves showed antimicrobial activity against five Gram positive bacteria (S. aureus, 

Streptococcus pyogenes, Streptococcus mutans, Bacillus megaterium and B. subtilis), two Gram 

negative bacteria (E. coli and Ps. fluorescens) and five fungal pathogens (Candida tropicalis, 

Candida glabrata, Candida albicans, Alternaria solani and Fusarium graminearum). IZ against 

test pathogens ranged between 16 - 36 mm (Jain and Kumar, 2015).  

A bioactive compound named N-[(2S, 3aR, 6S, 7aS)-6-acetamido-octahydro-1,3-

benzothiazol-2-yl]2- (adamantan-1-yl) acetamide having sulfur was isolated from the endophytic 

fungus Emericella sp. associated with A. indica. The compound potentially inhibited human 

pathogenic fungus Candida albicans (Mittal et al., 2016). Endophytic Penicillium sp., isolated 

from the neem leaves exhibited moderate antibacterial and antifungal activities in disc diffusion 

assay. Highest IZ of the extract was against S. aureus (12.5 mm), Klebsiella pneumoniae and 

Proteus mirabilis showed IZ of 8.5 ± 0.5 mm each, while Salmonella paratyphi and E. coli 

showed IZ of 10.5 and 9.5 mm respectively, at 60 µg / disc. With respect to fungi activity was 

observed against Candida krusei (IZ 7.5 mm), Candida tropicalis (IZ 8.0 mm) and Trichosporon 
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sp. (IZ 9.0 mm) (Abubakar et al., 2017). Fungal secondary metabolites were extracted using 

ethyl acetate from two endophytic fungi (AIn-L4 and AIn-L5) isolated from the leaves of A. 

indica. In antimicrobial assay using 1 mg / ml, AIn-L5 extract showed mild antibacterial activity 

against B. subtilis and Salmonella typhi with IZ of 4.0 and 5.0 mm respectively, but no antifungal 

activity on C. albicans and Aspergillus fumigatus. AIn-L4 extract was ineffective against both 

bacteria and fungi (Nnanna et al., 2018). 

A total of 361 fungal endophytes were isolated from various parts of neem plant such as 

leaf, flower, seed, bark, cortex and root using novel neem-based media. Out of them, only 10 

fungi showed antifungal potential by inhibiting the growth of Magnaporthe oryzae causing blast 

of rice (Agasimundin et al., 2019). Antibacterial activity of ethyl acetate extract of Alternaria 

alternata AE1 (endophytic fungus isolated from neem leaves) was investigated by disc diffusion 

method. The ethyl acetate extract displayed effective antibacterial activity against both Gram 

positive and Gram negative bacteria with IZ of 14 mm (B. subtilis and Listeria monocytogenes), 

12 mm (S. aureus and S. typhimurium) and 11 mm (E. coli), at 50 μg / disc. The extract showed 

MIC values of 300 - 400 μg /ml against Gram positive and Gram negative bacteria tested. SEM 

study revealed prominent degradation of bacterial cell wall structures leading to the release of 

intracellular materials such as DNA, protein and K
+
 ions and end to end joining or mycelia 

nature of cells indicating improper cell division, caused by the fungal extract (Chatterjee et al., 

2019).  

 Four xanthones and one anthraquinone were obtained from culture broth of 

Paraconiothyrium sp. YM 311593. They were characterized to be globosuxanthone A, 

vertixanthone, hydroxyvertixanthone, 3,8-dihydroxy-1-methy1-9H- xanthen-9-one, and danthron 

by spectroscopic elucidation. The antifungal activities of these compounds against four 

phytopathogens were assayed using broth microdilution method. Among them, globosuxanthone 

A showed significant antifungal activity against Fusarium graminearum, F. solani, and Botrytis 

cinerea with MIC values of 4, 8, and 16 μg/ml, respectively (Miao et al., 2020). Antimicrobial 

activity of four endophytic fungi viz., Aspergillus sp., Aureobasidium sp., Penicillium sp., and 

Sordaria sp., isolated from A. indica was studied. Extract of Aspergillus sp., Aureobasidium sp., 

and Penicillium sp., showed antibacterial activity against B. subtilis, Ps. aeruginosa, and S. typhi 

and antifungal activity against C. albicans. Extract from Penicillium sp., also inhibited K. 

pneumoniae. Extract of Sordaria sp., demonstrated antibacterial activity against all the tested 

bacteria such as B. subtilis, K. pneumoniae, Ps. aeruginosa, S. aureus, and S. typhi, but no 

antifungal activity against any of the tested fungi. The HPLC-DAD analysis of extracts revealed 
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the presence of Glucobrassicin, Ferulic acid, 4-methoxybenzaldehyde, 12-Hydroxy-16-scalaren, 

12-O-deacetyl-12-epi-scalarin, Ixoside, Citreodrimene F, and Cytosporin (Ujam, 2020).  

 

Other activities: 

Antioxidant and antihypertensive activities were demonstrated by the extracts of 

Pestalotiopsis isolated from A. indica (Tejesvi et al., 2008). Four biologically active compounds 

were obtained from the broth extract of an endophytic fungus Aspergillus aculeatus YM 311498 

isolated from neem and were identified to be chrysophano, emodin, succinic acid and 1,5-

dimethyl citrate by spectral methods (Wu et al., 2009a). Eight compounds out of eleven 

compounds produced by endophytic fungus Xylaria sp. YC-10, isolated from the neem stem, 

exhibited weak insecticidal activity against Plutella xylostella (Wu et al., 2011).  

Kusari et al., (2012) reported the production of the natural insecticides, azadirachtin A and 

B, by an endophytic fungus Eupenicillium parvum, isolated from A. indica. Saccharomonospora 

sp., isolated from neem was used successfully to biosynthesize gold nanoparticles (Verma et al., 

2013a). Anticestodal activity of the endophytic fungi Nigrospora sp., Colletotrichum sp., 

Fusarium sp., Chaetomium sp. and Pestalotiopsis sp., isolated from neem plant was observed on 

protoscoleces of hydatid cysts of Echinococcus granulosus. An average anticestodal activity was 

observed with different endophytic fungal strains, that is, Nigrospora sp. (479 ± 2.9), 

Colletotrichum sp. (469 ± 25.8), Fusarium sp. (355 ± 14.5), and Chaetomium sp. (332 ± 28.3) 

showing 64 to 70% protoscolicidal activity, except Pestalotiopsis sp. (581 ± 5.0), which showed 

promising scolicidal activity up to 97% mortality just within 30 min of incubation (Verma et al., 

2013b). Endophytic fungus Fusarium sp. TYR-26 isolated from A. indica produced 2.8 U/mol 

extracellular tyrosinase activity. It has a great application in environmental, pharmaceuticals, 

cosmetics and food industries (Zaidi et al., 2013). 

The methanolic extracts of endophytic fungi Chaetomium sp., Colletotrichum sp., 

Curvularia sp. and Trichoderma sp., showed promising antioxidant potential which was highest 

in Chaetomium sp., followed by Curvularia sp., Colletotrichum sp. and Trichoderma sp. The 

variation in the content of phenolic components and ascorbic acid levels reflected the antioxidant 

activity of the organisms studied (Kumaresan et al., 2015). Cladosporium sp., and Curvularia 

sp., isolated from neem showed greater production of extracellular amylase and cellulose 

enzymes (Patil et al., 2015). The extract from Penicillium sp., isolated from neem leaves showed 

promising antioxidant property at concentrations of 0.125 mg / ml to 0.5 mg / ml with a percent 

inhibition of 45% or above when tested using DPPH assay (Abubakar et al., 2017). Endophytic 
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fungi of A. indica were screened for extracellular enzyme activity. All the fungi screened such as 

Alternaria sp., Aspergillus spp., Aspergillus flavus, Cladosporium sp., Colletotrichum truncatum, 

Fusarium sp., and Penicillium spp., exhibited cellulase production. Alternaria sp., showed 

laccase activity and  amylase was produced by Alternaria sp.,  Aspergillus sp., A. flavus, and 

Cladosporium sp. Tyrosinase activity was shown by Alternaria sp. and C. truncatum, while 

asperginase activity was observed by Aspergillus sp., and Xylanase activity was observed in A. 

flavus and Alternaria sp. (Taware et al., 2017).  

Fungal secondary metabolites were extracted using ethyl acetate from two endophytic fungi 

(AIn-L4 and AIn-L5) isolated from the leaves of A. indica. In cytotoxicity assay the extract of 

AIn-L4 at 10 µg / ml concentration showed 100% cytotoxic activity and completely inhibited the 

growth of mouse lymphoma cells L5178Y, while AIn-L5 showed no cytotoxic activity (Nnanna 

et al., 2018). The HPLC analysis of endophytic fungi AIn-L4 extract revealed the presence of 

aureonitol, while AIn-L5 extract showed the presence of scytalone, cladosporin, and 

citreoisocoumarinol. Thus these endophytic fungi could be promising sources of novel bioactive 

compounds with pharmaceutical or industrial importance (Nnanna et al., 2018). Two endophytic 

fungal isolates from neem were identified as Fusarium sp., and Neocosmospora ramose. These 

microbes were found to produce three neem metabolites such as Epoxy/ hydroxyazadiradione, 

nimbin and salanin (Agasimundin et al., 2019).  

Different concentrations of ethyl acetate fraction of Alternaria alternata AE1 were tested 

for antioxidant activities using DPPH free radical scavenging assay. The extract showed good 

antioxidant property with IC50 value of 38.0 μg / ml. Seventeen different biologically active 

molecules were found to be present in the extract by GC-MS analysis (Chatterjee et al., 2019). 

Ethyl acetate extracts of endophytic fungal isolates (EF3 to 6) isolated from neem leaves 

demonstrated effective anti-diabetic activity by showing 40 – 60% inhibition of alpha amylase. 

EF4 showed comparatively maximum activity (60%) while EF6 showed minimum activity 

(40%). The extracts didn‘t exhibit considerable antioxidant property (Patel and Shah, 2019). 

 

Conclusion: 

There are reports on endophytic fungi of neem (A. indica). However they are limited. A. 

indica with appreciable medicinal values, the microbial population of this plant has not been 

studied so far in detail. Further studies are required in this direction as such studies might have 

enormous possibilities to provide an important data base regarding the microbial population of 

such novel ecosystem for exploration and evaluation of their bioprospective potentialities in 

future.  
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Introduction: 

 The Latin name of virus (venom / poison) was given by Pasteur. The viral disease ‗Leaf 

roll of potato‘ was reported first from England (1770). The viruses   have the ability to pass 

through bacteria proof filters. The Schlesinger (1935) was the first to determine the composition 

of a bacteriophage which contains only protein and DNA molecules. The scientist Luria (1953) 

states that viruses are submicroscopic and after introduction in specific living hosts, reproduce 

there only. According to Andre Lwoff (1966), French Virologist, the definition of viruses is 

―viruses are viruses‖. The viruses are the obligatory parasite, self replicating, non-cellular 

organisms and composed of a protein coat surrounding a central nucleic acid molecule (i. e. 

DNA or RNA). The most of the scientists define the viruses on the basis of physical, chemical, 

biological and clinical properties. 

 F. W. Twort (1915) and   F. D. Herelle (1917), both the scientists discovered that a virus 

was capable of dissolving bacterial cells (Bacteriophage). A Dutch bacteriologist- N. W. 

Beijerinck studied (1898) the viruses and differentiated from other cellular organisms. Virus is 

not a simply protein but it is a nucleoprotein and its infectious principle is the nucleic acid 

(RNA/DNA) rather than the protein, for this work Stanley was awarded Noble prize in 1946. 

► General characters of viruses:  

1. All the viruses are ultramicroscopic. 

2. All the viruses are obligatory intracellular parasites. 

3. They are crystalline nucleoprotein with high molecular weight. 

4. They cannot be grown in artificial culture media. 

5. They are highly infectious (1/1,000,000 dilutions). 

6. They are resistant to high temp, however loose power of infection at 85-90
0
c within 10 

minutes. 

7. Direct sunlight has no effect on viruses. (TMV- is not affected by X-ray).  

8. Viruses are highly resistant to acids, alkalies and salts.  

9. They can be precipitated with the solution of safranin, acetone and ethyl alcohol. 
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10. They can be filtered through Brefeld and Chamberlain filters. 

11. Particular viruses can be transmitted through particular species of insect vector. 

12. They can retain the power of infection from 5-31 years. e.g. -TMV).  

13. They can be sedimented like protein when subjected to a high speed centrifuge. 

14. They can increase in number and size within living cells only.  

15. They possess DNA or RNA enclosed within a protein coat but never both.  

16. Viruses are transmissible from diseased to healthy plants by animal/insect vectors. 

17. The amount of protein in different viruses varies from 60 to 95 % and the rest is nucleic 

acid. 

18. Viruses are very small and vary in size (from 20 to 350nm); the size can be measured by 

ultracentrifugation and electron microscopy.  

19. Viruses that infect only bacteria are called bacteriophage and those   infect only fungi are 

termed mycophage. 

20. The viruses contain only DNA are known as Deoxyviruses and those viruses contain only 

RNA are known as Riboviruses. 

21. In general, all plant viruses have single stranded RNA; animal viruses have either single or 

rarely double stranded RNA or DNA. In case of bacterial viruses, mostly double stranded 

DNA but can also have single stranded DNA or RNA. 

22. Most of the insect viruses contain RNA and very few have DNA. 

23. Viruses are infectious agents with both living and nonliving characteristics. 

► Living nature of viruses: 

i) They live only in living organisms and can infect animals, plants, and even other 

microorganisms.  

ii) They have physiological specialization in relation to the insect vectors and plants. 

iii) They respond to acids, alkalies, light and temperature. 

iv) They reproduce very rapidly   only in host cells. 

v) They can increase in number and size within living cells only and they can mutate. 

vi) They can infect healthy plants and animals like fungi and bacteria.  

► Nonliving nature of viruses: 

i) They are acellular, that is, they are without cytoplasm and without cell organelles.  

ii) They can be precipitated by many chemicals and can be crystallized. 

iii) They can retain the power of infection at low concentration.  

iv) They can be sedimented like protein  
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v) They do not carryout metabolism on their own but can replicate using the host cells 

metabolic machinery. In other words, viruses don‘t grow and divide outside the hosts.  

Structure of virus: 

 The infectious virus unit is known as viron, which consists of a nucleic acid core 

surrounded by a protein coat (capsid) to form the nucleocapsid. The nucleocapsid may be with a 

loose membranous envelop or may be naked. The membrane is composed of a number of protein 

subunits known as capsomeres. The capsid protects the nucleic acid core against the action of 

enzyme nuclease. The virus contains only a single large molecule of nucleic acid with number of 

nucleotide pairs (1000 to 250,000).  

There are three types of viruses:  

A) Polyhedral  B) Helical C) Complex viruses 

A) Polyhedral viruses (Icosahedral symmetry): They are of two types 

i) Naked capsid- e.g. polio virus  

ii) Enveloped capsid e.g. Herpes simplex virus. (Fig-2 -A) 

The Polyhedral viruses are classified (by Crick and Watson) into  

i) tetrahedral, ii) octahedral and iii) icosahedral forms. Out of these, icosahedral form is 

considered to be the most efficient shape because of packing and banding of capsomeres as 

compared to tetra and octahedral forms. The icosahedron has 12 corners, 20 triangular faces and 

30 edges. Therefore viruses are icosahedral rater than tetrahedral and octahedral.  

 The capsomeres are of two types i.e. pentameres (with five identical monomeres) and the 

hexameres (with six monomeres). Each monomer is connected with the neighbouring monomers 

on the either side with the help of bonds, likewise the capsomeres are also connected with each 

other but the bonds between the capsomeres are weaker. Capsid consists of many capsomeres, 

each capsomeres is composed of a few monomers which form polygonal rings with a central 

spaces having 40 A
o
 (Fig- 1-A). The monomeres are the structural units and made up of one or 

more polypeptide chain (Fig-1-B).  

Number of capsomeres: Only a certain number of capsomeres can be present in an icosahedral 

capsid. The minimum number of capsomeres can theoretically be 12, followed by 32, 42, 72, 92, 

162, 252, 362, 492, 642 and 812, of these capsomeres, 12 are pentameres occupying the 12 

corners, while the rest are hexameres. The actual numbers of capsomeres found in different 

viruses are Фx174, 12, Turnip yellow mosaic virus, and poliovirus-32; polyoma virus- 72; 

recovirus- 92; herpes virus -162; adenovirus - 252 and tipula iridescent virus 812. The 

bacteriophage Фx174 contains 12 capsomeres then each caposmeres is actually a cluster of five 

units and therefore the capsid is probably made up of 60 identical units. 
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Examples of polyhedral viruses are Poliovirus, Adenovirus, and Herpes simplex virus as shown 

in Figure 2, 3. 

Turnip Yellow Mosaic Virus (TYMV): This has elongated capsid containing the clusters of 5 

or 6 protein molecules project from a core of RNA. The 12 clusters have 5 units each 

(pentameres) and 20 clusters have 6 units each (hexameres), thus in all there are 32 clusters of 

capsomeres. (Fig- 3) 

 

Figure 1: A) Hexomeres and Pentameres  B) Formation of ring (From 5 monomeres) 

 

 

Figure 2: A-E. Viruses: Structures of some viruses 
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Figure 3: Structure of polyhedral viruses  

 

B) Helical Viruses (Cylindrical Symmetry)  

 In these types of viruses, the helical capsid consists of monomers arranged in a helix 

around the single rotational axis, the monomeres curve into a helix because they are thicker at 

one end than the other. Shape and size of the monomers determine the shape of the virus, they 

may be naked or surrounded by envelop. There are of two types. 

1) Naked capsid e. g. - TMV (Fig 4-A)  

2) Enveloped capsid e. g. - Influenza virus and Mumps virus. (Fig-4 –B, C) 

Structure of Tobacco Mosaic Virus (TMV) - Stanley in 1936 studied the tobacco mosaic virus 

in crystalline state from the sap of infected tobacco plants. This virus is rod shaped (300 nm x 15 

to 18 nm.) containing a protein tube having identical subunits of protein arranged in a helical 

manner. The tube has a lumen of 20Aº enclosing a single strand of helically coiled RNA (Fig- 4 

A). Watson, Franklin and others (1954) have shown that there are 49 subunits of protein form 

three turns of helix, (total 2,130 subunits for the rod.) Mol. Wt. of each subunit has a 17,500 

Dalton and has single polypeptide chain (with 158 amino acids).  The RNA is the single stranded 

and coiled into a helix 80Aº in diameter, it follows the pitch of the protein helix. Each turn of the 

RNA helix contains about 49 nucleotides, and has a pitch of 23Aº. The unprotected RNA is 

subjected to the action of enzymes (nuclease) and thus destroyed.  
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Figure 4: Structure of Helicle Viruses 

 

C) Complex viruses- (Complex symmetry) 

 These viruses are divided into two groups as- i) Without identifiable capsids to which 

other structures attached e.g. bacteriophages. T-even series (T2, T4 and T6) - Figure 5, 6.  ii) 

With identifiable capsid - Vaccinia virus. (Fig-6-C)   

►Structure of T4 bacteriophage (Fig- 5 A, B)  

 The virus ‗T4 bacteriophage‘ generally grows in the colon of bacterium Escherichia coli. 

The bacteriophage has tadpole shape with head and tail regions. The head capsid (95 nm x 

65nm) has the form of prolate icosahedrons. It is made up of 2,000 similar subunits and is 

packed with circular double stranded DNA (500 nm in length). The head capsid may be divided 

by two 10 faceted equatorial bands with a pyramidal vertex at either end. The tail has a helical 

symmetry, thus the bacteriophage shows a combination of icosahedral symmetry and helical 

symmetry (binal symmetry). 
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Figure 5: Structure of the T4 bacteriophage.  A. Sectional view. (L. S.) B. External view 

 

 In this virus, the tail consists of a core tube 80A
0
 in diameter, through which DNA passes 

out and surrounded by a protein tail sheath. The sheath consists of 144 subunits arranged in 24 

rings of 6 subunits each. The sheath is connected to a thin disc called the collar at the upper end 

and a base plate at the lower end. The base plate is hexagonal and has a pin or spike at each 

corner, from each of the six corners is also given off a long thin tail fibre 1300Aº long, which 

serves for the attachment of the bacteriophage to the host cell. 

Variation in the structure of complex viruses: 

 The lambda coliphage has the head capsid which is regular icosahedrons (fig 6-E) in the 

coliphage T3 and T7; the tail is short and stubby and ends in a base plate like structure. The 

coliphage T1 and T5 have no tail sheath and their tail fibres are rudimentary. The Pox viruses are 

brick shaped, ovoid or flattened – cylindrical. The vesicular stomatitis virus and the rabies virus 

are bullet shaped with transverse striations probably produced by tubular components arranged in 

a criss-cross pattern (Fig6-B). 
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Figure 6: Complex viruses. D-head capsid of a lambda (λ) phage and a T-even phage 

(prolate icosahedron). The tails of these phages have not been shown 

 

►Classification of viruses (Plant, Animal, Bacterial):  

 Due to their ultramicroscopic size, presence of both living and non-living features and 

absence of fossil records, the classification of viruses has been problematic. In 1966, the 

International Committee on Nomenclature of Viruses (ICNV) was established at the 

International Congress of Microbiology in Moscow. In 1973, the ICNV became the International 

Committee on Taxonomy of Viruses (ICTV). Today the ICTV operates under the Virology 

Division of the International Union of Microbiological Societies. Today the ICTV recognizes 

more than 3,600 virus species. It has been estimated more than 30,000 viruses, virus strains and 

subtypes are being tracked in various labs, centres and culture collections communicating with 

WHO, FAO and other international agencies. 

 The present universal system of virus taxonomy is set arbitrarily at hierarchical levels of 

order, family, subfamily, genus and species. Virus orders represent groupings of virus families 

and are designated by names with the suffix-virales.Virus families represent grouping of virus 

genera and are designated by the names with the suffix - viridae. Subfamilies are designated by 

the terms with the suffix-virinae. Virus genera represent groupings of species of viruses that 

share common characteristics and are distinct from members of viruses of other genera. The 

virus genera are designated by the term with the suffix-virus. A virus species is a polythetic class 

of viruses having particular ecological niche.    
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 On the basis of their host range, clinical, epidemiological and pathological symptoms 

initially viruses were classified into the following four groups that are as follows. 

i) Plant viruses: These viruses infect only plants (bacterial, algal   and fungal viruses.) 

ii) Invertebrate viruses: viruses infecting the invertebrate animals. 

iii) Vertebrates viruses: Viruses infecting vertebrate animals. 

iv) Dual host viruses: Those viruses which infect two different hosts mentioned above  

 In 1948, Holmes followed the Linnaen system of binomial nomenclature. He included all 

viruses in a single order Virales which is divided into three suborders. 

1. Phagineae: (viruses infecting bacteria), 2. Phytophagineae: (viruses infecting plants.) 

3. Zoophagineae: (viruses infecting animals.) 

 Andre Lwoff, Robert Horne and Paul Tournier in 1962 proposed a system of 

classification (LHT System) of viruses which was accepted by International Committee for Virus 

Nomenclature which is based on the following characteristics: 

i) The types of nucleic acid.  

ii) The molecular weight of virus.  

iii) Shape and size of virus. 

iv) Symmetry of virus. 

v) Number of protein subunits in capsid. 

vi) Diameter of nucleic acid coil. 

vii) Presence of outer envelope. 

viii) Intercellular multiplication. 

ix) Temperature inactivation of virus 

x) Method of virus transmission and 

xi) Symptoms of virus on host plant. 

The following generalized classification is made considering the nucleic acids. 

1) Bacterial viruses: - viruses contain-ssDNA, dsDNA, ssRNA or dsRNA.   

2) Animal viruses: -They contain dsDNA, ssRNA or dsRNA. 

3) Plant viruses:- They contain  only ssRNA or dsRNA  

►Classification of Plant viruses:  

 Virus classification is given as per Seigel and Hariharasubramanian (1974, 

Comprehensive Virology, Vol-2 H. Fraenkel and R.P Wagner. 

ssRNA Viruses: 

I) Rod shaped viruses 

A) Undivided genome:  

1) Tobamovirus group    2) Potex virus group   3) Carlavirus group         4) Potyirus group 
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B) Divided genome:  

5) Tobravirus group  

6) Barley stripe mosaic virus (BSMV) 

II) Bullet shaped (bacilliform) viruses. 

7) Lettus necrotic virus group  

a) Potato yellow dwarf virus, etc. b) Broccoli necrotic yellow virus etc. 

III) Isometric viruses.  

A) Undivided genome. 

8) Tombusvirus group  

9) Tobacco necrotic virus 

10) Tymovirus group 

a) Turnip yellow mosaic virus, etc.  

b) Belladona mottle virus, etc. 

B) Divided genome 

11) Comovirus group 

12) Nepovirus group 

13) Pea enation mosaic virus 

14) Bromovirus group 

15) Alfalfa mosaic virus 

IV) Viruses requiring helper virus 

16) Satellite viruses- Satellite Tobacco necrosis virus, etc. 

V) Pleomorphic myxoviruses 

17) Tomato spotted wilt virus 

ds RNA Viruses: 

18) Reo virus group: Rice dwarf virus, etc. 

19) ds DNA Viruses: Cauliflower mosaic virus, etc. 

► Classification of Animal viruses according to their genetic systems (Baltimore, 1971) 

 Animal viruses can be grouped in to six classes on the basis of the relationship between 

their virion nucleic acid and mRNAs. Viral RNA is called as plus RNA and its complementary 

strand are called minus RNA. 

1) Class-I: dsRNA viruses: The mRNA is synthesized on a dsDNA genome template.  

2) Class-II: ssDNA viruses: The mRNA has the same polarity as the DNA, minus DNA strand 

acts as a template for mRNA synthesis 
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3) Class-III: dsRNA viruses:-ds RNA acts as a act as a template for asymmetric synthesis of 

mRNA.  

4) Class-IV- dsRNA viruses:- Positive strand RNA viruses- The genome RNA has the same 

polarity as mRNA.These viruses are divided in to two class iv a (with single mRNA strand) and 

class iv b (with two forms of mRNA strands) 

 5) Class-V Negative strand RNA viruses:-The viron RNA is complementary to mRNA with 

class Va – (Single RNA molecule) and Vb- (with segmented genome)  

 6) Class VI: RNA-DNA Viruses- RNA directs synthesis of DNA. 

 ►Classification of Bacterial viruses (Bacteriophages): 

Types of phages- Bacteriophages are viral parasites of bacteria.They may contain- ss DNA, ds 

DNA, ss RNA or dsRNA. 

A) ss DNA phages: They are two types- 

i) Icosahedral pahages  

ii) Helical phages-These are of three types- a) F1 group b) IF group c) Like group - Similar to F1 

B) ds DNA phages: 

These phages include 

T- even phages of E. coli (T2, T4, T6) and T-odd phages of E. coli (T1, T3, T5, T7). 

C) ss RNA phages: 

E. coli RNA phages have 4 serological subgroups. The group I RNA phage attach to E. coli. (f2, 

MS2, R17 etc.) Group III includes QB, 

D) ds RNA phages: e.g. ф6 

►Economic importance of viruse: 

1. Some viruses like nuclear polyhedrosis virus are used as pesticides for the control of crop 

pests. 

2. The viruses can also be used in biology institutions to carry out experiments.  

3. Virotherapy is an experimental form of cancer treatment using biotechnology to convert 

viruses into cancer fighting agents by reprogramming viruses to attack cancerous cells, 

(healthy cells remain undamaged.) 

4. Viruses are used against various diseases, most commonly as a vector used to specifically 

target cells and DNA in particular. This has been largely attributed to the production of 

interferon and tumor necrosis factors in response to viral infection but oncolytic viruses are 

being designated that selectively target and lyse only cancerous cells. 

5. Viruses cause serious disease of crop plants reducing both quality and quantity of final 

produce. Some important viral diseases are tobacco mosaic virus, tomato mosaic, tomato 
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spotted wilt, potato leaf roll, papaya mosaic,  leaf curl of chilly and banana bunchy top 

disease. 

6. Bacteriophage T4 and Lambda are used to sale by companies to biology institutions for 

experiments to carry out. With the advent of virology researchers have found several uses 

for these unique organisms. They have been used extensively in medicine and in genetic 

engineering. (DNA replication, transcription, RNA formation, translation, protein 

formation and basic of immunology.) 

7. Viruses have been used extensively in molecular and cellular biology studies.They can be 

used to manipulate and investigate the functions of cells. 

8. There are highly specific viruses that can target, infect and destroy pathogenic bacteria; 

they are used in bacteriophage therapy. 

9. Nanotechnology deals with microscopic particles; these have various uses in biology, 

medicine and nanotechnology and have been used in genetic engineering.  

10. Viruses may be tiny but have the capacity to cause death and devastation to large 

populations in epidemics and pandemics. This led to the concern that viruses could be used 

for biological warfare. 

11. Viruses in agriculture are used for modification of host genome (genetic engineering) 

which results into genetically modified plants and animals.   

12. Viruses have been used since the time of Edward Jenner who used vaccines. Jenner used 

cow pox viruses to inoculate people against small pox infection. Vaccines are also used 

against polio, measles, chicken pox etc.  

13. Vaccines for hepatitis B and those for human papillomavirus protect against liver and 

cervical cancer respectively.  

14. Viruses are used in directed enzymes prodrug therapy. 

15. An adenovirus expressing the thymidine kinase (TK) enzyme of herpes simplex virus can 

be combined with systematic administration of ganciclovirus which is converted by the TK 

to its active form only in cells where this enzyme is present. This is used in HIV treatment. 

16. Viruses are of economic importance because they show genetic variation, persistence and 

prospects for their control in different species. 
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Introduction: 

 Of all the pathogens which are lethal to man, fungi are the least well studied and 

understood. Though the superficial fungal infections of skin and mucosa are often treatable with 

current antifungal agents, the main problem lies with the case of immunosuppressant which 

causes life-threatening invasive fungal diseases. The incidence of HIV/AIDS pandemic and 

modern immunosuppressive has increased substantially leading to increase in mortality and 

morbidity. Moreover, invasive fungal diseases are difficult to diagnose and treat. The main 

problem and concern lies in global emergence of Antimicrobial-resistant microorganisms are 

increasingly common. Drug resistance greatly limits treatment options and is identified as the 

major cause of treatment failure. While this is a well-recognized problem, the majority of public 

attention and antimicrobial research and development have been focused on multi-drug resistant 

bacteria. Like other living organisms, fungal cells may become resistant to toxic compounds.  

Keywords: Antifungals, Amphotericin A, Azoles, Polyenes 

 

What is Antifungal resistance? 

 Antifungal resistance may be defined as a stable, inheritable adjustment by a fungal cell 

to an antifungal agent, resulting in a less than normal sensitivity to that antifungal. Table 1 shows 

antifungal available for the treatment of invasive mycosis, mode of action, their targets, 

mechanism of action and mechanism of resistance (Bossche 1997; Eliopoulos et al. 2002; 

Srinivasan et al. 2014). 

 

Mechanism of action: 

Polyene: Amphotericin B is a polyene antibiotics, it makes sterol-containing biological 

membranes ―leaky by binding to sterols present in cell membrane forming aqueous pores. Their 

mode of action is Fungicidal (Holz et al., 1974). 
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Azoles: it includes Fluconazole, Itraconazole, Ketaconazole, Posaconazole Voriconazole and  

Miconazole. They are known as Fungistatic (Rex et al. 1995; Perea et al. 2001). They affect the 

ergosterol biosynthesis by blocking the key enzyme, lanosterol 14a-demethylase. 

Table 1: list of antifungal and their mechanism of action and resistance 

Antifungals Mode of 

action 

target Mechanism of 

action 

Mechanism of 

resistance 

Polyenes: 

amphotericin 

B 

Fungicidal It alters the 

membrane 

function 

Binds to sterols in 

cell membrane 

forming aqueous 

pores 

Reduction of ergosterol 

concentration ablating 

drug-target binding 

Alteration in POL gene 

family 

Pyrimidine 

analogs: 

flucytosine 

Fungicidal inhibits either 

DNA or RNA 

synthesis 

Inhibits cellular 

DNA and RNA 

synthesis 

affecting 

molecular 

machinery 

Mutation in cytosine 

permease and deaminase 

Azoles: 

fluconazole, 

itraconazole, 

voriconazole, 

posaconazole, 

and 

ravuconazole 

Fungistatic inhibits 

ergosterol 

biosynthesis 

Affects ergosterol 

biosynthesis by 

blocking the key 

enzyme, 

lanosterol 14a-

demethylase  

Efflux of drug by multi-

drug transporters; ABC 

gene family Amino acid 

substitution to Erg11p 

affecting drug-target 

binding, Overexpression 

of Erg11p minimizing 

effect of drug, Change in 

toxic-sterol 

concentration due to 

mutation in Erg3 allele 

Echinocandin

s: 

caspofungin, 

micafungin 

Fungistatic or 

fungicidal 

inhibition of 

glucan 

synthesis 

Binding to b-(1, 

3)-D-glucan 

synthase and 

inhibition of b-

(1,3)-D-glucan, a 

cell-wall 

component. 

Mutation in Fks1 and 

Fks2 binding units 
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Echinocandin: it includes Caspofungin and Micafungin. This drug targets the fungal cell wall 

as it has the ability to bind with b-(1,3)-D-glucan synthase and inhibition of b-(1,3)-D-glucan the 

major cell wall biopolymer (Perlin 2007). They are fungicidal for Candida spp. and fungistatic 

for moulds, such as Aspergillus fumigatus, The echinocandins have a limited antifungal spectrum 

but are highly active against most Candida spp. (Kurtz et al. 1994; Douglas 2001; Kurtz MB and 

Rex 2001; Bowman et al. 2002; Douglas 2006;  Perlin 2011). 

Pyrimidine analogs: it includes 5-Flucytosine. It has the ability to inhibit cellular DNA and 

RNA synthesis affecting molecular machinery. They are Fungicidal (Houšť et al.2020).  

Antifungal resistance mechanisms: 

 Antifungal resistance can occurs when a patient fails to respond or no longer respond to a 

drug. It occurs when a patient either fails to respond or no longer responds to a drug administered 

at a standard dose. There are few factors responsible for phenomenon of such Therapeutic failure 

such as increased efflux of the drug, phenotypic alterations in the drug target site, genomic 

recombinations that minimize toxic effect of the drug and biofilm formation. It may sometimes 

develop spontaneously or it may result from antibiotic overuse or misuse of antifungal 

medicines. Despite the availability of antifungal agents, the incidence of mycoses, increasing 

death rate and complexity of treatment can mostly be attributed to the emergence of resistance to 

antifungal therapy. This condition is worst in the case of patients with compromised immunity. 

Hence to improve and control the worst scenario and the treatment strategies it is very essential 

to understand the mechanism developed by fungal cell against the antifungal drug. 

Mechanisms of Resistance:  

 Since each class of antifungal act via different mechanisms, they need to be discussed 

separately. 

Polyenes: About six polyenes antifungal have been used for antifungal therapy. They are 

amphotericin B, nystatin, candicidin, trichomycin and methyl partricin but only amphotericin B, 

nystatin and natamycin polyenes are used widespread. Amphotericin B for systemic mycoses, 

nystatin for mucosal infections such and natamycin for ophthalmic infection (Dixon et al. 1996; 

Zotchev 2003; Chandrasekar 2011). Although polyenes have been used for many decades (Lattif 

and Swindell 2009), polyene resistance is still rare compared to resistance to other antifungal 

drugs (Vincent et al. 2013). It targets a major cell membrane component instead of an essential 

enzyme. Nevertheless, several mechanisms of resistance have been proposed. The most common 

mechanism of acquired amphotericin B resistance is attributed to alterations in the sterol 

composition of the fungal cell membrane (Geber et al. 1995; Sanglard et al. 2003). 
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Azoles : The mechanisms of resistance to azole antifungal can be categorized as impaired uptake 

of azole due to changes in the cell wall or plasma membrane, efflux of drug mediated by 

membrane transport proteins, alterations in the affinity of the drug target Erg11p (lanosterol 14-

demethylase) to azoles or in the cellular content of Erg11p due to overexpression of the ERG11 

gene; Change in toxic-sterol concentration due to mutation in Erg3 alleles (Mathe and Van Dijck 

2013, Chamilos and  Kontoyiannis 2005; Sanglard et al. 1998; Lopez-Ribot et al. 1998; Lupetti 

et al. 2002). 

Echinocandins: They are often effective for the treatment of fungal infections caused by azole-

resistant isolates.   In Candida albicans, echinocandin resistance is strictly associated with 

mutations in Fks1, a large integral membrane protein and putative β-1,3-glucan synthase, while 

mutations in both Fks1 and its paralog Fks2 (but not Fks3) have been associated with resistance 

in C. glabrata. (Katiyar et al. 2012; Shields et al. 2014) 

Pyrimidine analogs: they include 5-Flucytosine. The Mechanism of resistance is develop by 

mutation in cytosine permease and deaminas (Perlin 2011) 

 

Conclusion:  

 Antifungal resistance is a growing threat to public health. As treatment options remain 

limited, understanding the mechanisms and risk factors for antifungal resistance is essential. The 

ability of fungi to develop resistance against a drug is an evolutionary process and cannot be 

stopped. Nevertheless, effective measures should be taken for managing the antifungal 

resistance. There should be a comprehensive understanding of drug-resistance mechanisms. To 

overcome the increasing number of fungal pathogens and the growing problem of resistance new 

antifungal agents are required. Early efforts should be taken to avoid delaying in the 

development of new effective antifungal.  

 

References: 

Bossche, V. (1997). Mechanisms of antifungal resistance. Revista Iberoamericana de 

Micología, 14(2), 44-49. 

Bowman, J. C., Hicks, P. S., Kurtz, M. B., Rosen, H., Schmatz, D. M., Liberator, P. A., & 

Douglas, C. M. (2002). The antifungal echinocandin caspofungin acetate kills growing 

cells of Aspergillus fumigatus in vitro. Antimicrobial agents and chemotherapy, 46(9), 

3001-3012. 

Chamilos, G., & Kontoyiannis, D. P. (2005). Update on antifungal drug resistance mechanisms 

of Aspergillus fumigatus. Drug resistance updates, 8(6), 344-358. 



Bhumi Publishing, India 

82 
 

Chandrasekar, P. (2011). Management of invasive fungal infections: a role for polyenes. Journal 

of Antimicrobial Chemotherapy, 66(3), 457-465. 

Dixon, D.M.; Walsh, T.J. Antifungal Agents. In Medical Microbiology, 4th ed.; University of 

Texas Medical Branch at Galveston: Galveston, TX, USA, 1996 

Douglas, C. M. (2001). Fungal β (1, 3)-D-glucan synthesis. Sabouraudia, 39(1), 55-66. 

Douglas, C. M. (2006). Understanding the microbiology of the Aspergillus cell wall and the 

efficacy of caspofungin. Medical Mycology, 44(Supplement_1), S95-S99. 

Eliopoulos, G. M., Perea, S., & Patterson, T. F. (2002). Antifungal resistance in pathogenic 

fungi. Clinical Infectious Diseases, 35(9), 1073-1080. 

Geber, A., Hitchcock, C. A., Swartz, J. E., Pullen, F. S., Marsden, K. E., Kwon-Chung, K. J., & 

Bennett, J. E. (1995). Deletion of the Candida glabrata ERG3 and ERG11 genes: effect on 

cell viability, cell growth, sterol composition, and antifungal susceptibility. Antimicrobial 

Agents and Chemotherapy, 39(12), 2708-2717. 

Holz, R. W. (1974). The effects of the polyene antibiotics nystatin and amphotericin B on thin 

lipid membranes. Annals of the New York Academy of Sciences, 235(1), 469-479. 

Houšť, J., Spížek, J., & Havlíček, V. (2020). Antifungal drugs. Metabolites, 10(3), 106. 

Katiyar, S. K., Alastruey-Izquierdo, A., Healey, K. R., Johnson, M. E., Perlin, D. S., & Edlind, 

T. D. (2012). Fks1 and Fks2 are functionally redundant but differentially regulated in 

Candida glabrata: implications for echinocandin resistance. Antimicrobial agents and 

chemotherapy, 56(12), 6304-6309. 

Kurtz, M. B., & Rex, J. H. (2001). Glucan synthase inhibitors as antifungal agents. Advances in 

protein chemistry, 56, 423-475. 

Kurtz, M. B., Heath, I. B., Marrinan, J., Dreikorn, S., Onishi, J., & Douglas, C. (1994). 

Morphological effects of lipopeptides against Aspergillus fumigatus correlate with 

activities against (1, 3)-beta-D-glucan synthase. Antimicrobial agents and 

chemotherapy, 38(7), 1480-1489. 

Lattif, A.A.; Swindell, K. (2009) History of Antifungals. In Antifungal Therapy; Ghannoum, 

A.M., Perfect, R.J., Eds.; CRC Press: Boca Raton, FL, USA; Volume 1. 

Lopez-Ribot, J. L., McAtee, R. K., Lee, L. N., Kirkpatrick, W. R., White, T. C., Sanglard, D., & 

Patterson, T. F. (1998). Distinct patterns of gene expression associated with development 

of fluconazole resistance in serial Candida albicans isolates from human 

immunodeficiency virus-infected patients with oropharyngeal candidiasis. Antimicrobial 

agents and chemotherapy, 42(11), 2932-2937. 

Lupetti, A., Danesi, R., Campa, M., Del Tacca, M., & Kelly, S. (2002). Molecular basis of 

resistance to azole antifungals. Trends in molecular medicine, 8(2), 76-81. 



Advances in Microbiology Volume I 

    (ISBN: 978-93-91768-60-7) 

 

83 
 

Mathé, L., & Van Dijck, P. (2013). Recent insights into Candida albicans biofilm resistance 

mechanisms. Current genetics, 59(4), 251-264. 
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Introduction:  

Biofertilizer: 

 In nature soil and plant-associated numbers of useful soil, microorganisms can help 

plants to absorb plants. They play a key role in ecosystem functioning by carrying out numerous 

biogeochemical cycles and organic matter degradation. Their utility can be enhanced with human 

intervention by selecting efficient organisms, culturing them, and adding them to soil directly or 

through seeds.  For this reason, biofertilizers are considered to be vital constituents of 

supportable farming, with lifelong effects on soil fertility. The term biofertilizer can be defined 

as formulations comprised of living microbial cells, either a single strain or multiple strains 

(mixed or consortium), that promote plant growth by increasing nutrient availability and 

acquisition. 

 Biofertilizers are a substance that contains microbes, which help in promoting the growth 

of plant and trees by increasing the supply of essential nutrients to the plants. It involves alive 

organisms which comprise blue-green algae, bacteria, andmycorrhizal fungi. Mycorrhizal fungi 

preferentially withdraw minerals from organic matter for the plant whereas cyanobacteria are 

characterized by the property of nitrogen fixation. Nitrogen fixation is defined as a process of 

converting di-nitrogen molecules into ammonia. For instance, some bacteria convert nitrogen 

into ammonia. As a result, nitrogen becomes available for plants.  

Advantages of biofertilizers: 

 Biofertilizers are living microorganisms of bacterial, fungal, and algal origin.  

1. Biofertilizers fix atmospheric nitrogen in the soil and root nodules of legume crops and 

make it available to the plant 

2. They solubilize the insoluble forms of phosphates like tricalcium, iron, and aluminum 

phosphates into available forms 

3. They scavenge phosphate from soil layers 

4. Low cost and easy to produce 
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5. Free from environmental pollution 

6. Improve the tolerance of plants against toxic heavy metals 

7. They produced hormones and antimetabolites which promote root growth 

8. They decompose organic matter and help in mineralization in soil 

9. When applied to the seed or soil biofertilizers the availability of nutrients improves the 

yield by – 10-25% without adversely affecting the soil and environment. 

 

Classification of bio-fertilizers: 

Types of biofertilizers: 

1) Symbiotic nitrogen fixer: The diazotrophic microorganisms serves as biofertilizers 

because they are symbiotic nitrogen fixer. It is strictly related to rhizobial and legumes 

bacteria. Nitrogen fixation is the conversion of atmospheric nitrogen to ammonia. 

Symbiotic nitrogen fixation is the process of N2 fixation in presence of microbes. 

Example: Rhizobium sp. andBradyrhizobium sp. 

It is one of the more effective and vital symbiotic nitrogen-fixing bacteria. Rhizobium In 

association with legumes fixes atmospheric Nitrogen. Rhizobium population is dependent 

on the presence of legumes crop in the field. 

2) Asymbiotic nitrogen fixers: The asymbiotic nitrogen-fixing bacteria can directly convert 

the gaseous nitrogen to nitrogen-rich compounds. When these asymbiotic nitrogen fixers 

die, they enrich the soil with nitrogenous compounds and thus serve as biofertilizers. 

Example:Azospirilium, Azobacter, Blue-green algae 

Blue-green algae:The Blue-green algae in the form of amino acid, can fix the nitrogen 

proteins. The term algilization is used in the process of cultivation of blue-green algae in 

the field as a source of biofertilizer. They improve the physical properties of soil. 

Azolla:Azolla is an aquatic fern, which contains an endophyticcyanobacterium Anabaena 

azollae in the leaf cavities providing a symbiotic relationship. 

3) Phosphate solubilizing bacteria: Certain microorganisms are capable of converting non-

available inorganic phosphorus present inside the soil to utilizable natural or inorganic 

types of phosphate. PSB are beneficial bacteria capable of solubilizing inorganic 

phosphorus from insoluble compounds. The potential of rhizosphere microorganisms is 

phosphorus solubilization considered to be one of the most essential developments related 

to plant phosphate nutrients. 
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Examples:Rhizosphere, Pseudomonas putida, Pantoeaagglomerans, and mycobacterium 

laevaniformans 

Mycorrhizas:Mycorrhizas are fungus roots with distinct morphological structures. They 

are developed as a result of a manual symbiosis between certain root-inhabiting fungi and 

plant roots. 

4) Organic fertilizers: the organic wastes which are useful as fertilizers. These include 

animal dung, urine, urban garbage, sewage, crop residue, and oil cakes. A majority of this 

waste remains unutilized as organic fertilizers. There exists the good potential for the 

development of organic manures from these wastes. 

Examples: manure, slurry, worm casting, peat, seaweed, guano, sewage sludge, food 

processing wastes, Feather meal, fish meal, bone meal, blood meal, and crab meal. Types 

of fertilizer are often high nitrogen and the rate of nutrient release ranges between medium 

and rapid. 

Classification based on the type of microorganism: 

1) Bacterial biofertilizers: Eg: Rhizobium, Azospirilium, Azobacter, phosphobacteria 

2) Fungal biofertilizers: Eg: Mycorrhiza 

3) Algal biofertilizers: Eg: Blue-green Algae (BGA) and Azolla. 

4) Actinomycetesbiofertilizer: Eg: Frankia 

Application of biofertilizers: 

1. Soil treatment: At the time of sowing or planting, appropriate biofertilizers are mixed 

into the soil and allowed to sit overnight. When sowing or planting, this mixture is 

absorbed into the soil. 

2. Seedling root dip: this approach can be used on rice plants. For 8-10 hours, the seedling 

is planted in a waterbed. 

3. Seed treatment: combine the biofertilizers and compost fertiliser in a mixing bowl and 

set them aside for one night. This mixture is then applied to the soil where the seeds will 

be planted. 

 

Biopesticides:  

 Biopesticides are compounds that are taken from natural materials such as plants, 

animals, microbes, or specific minerals and are used to control pests. Biopesticides are 

substances such as canola oil and baking soda that have been treated with insecticides. As the 

drawbacks of employing synthetic insecticides became clear, academic and industrial research on 

biopesticides resurfaced. Since 1990, the rate of development of new and useful biopesticides 
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has accelerated. Since 1995, more than 100 active ingredients for biopesticides have been 

registered in the United States. Many of these have been commercialized in a wide range of 

products. 

 Biopesticides, or biological pesticides, are used to control pests in a variety of ways, 

including predatory, parasitic, and chemical connections. Biological pest control and, by 

extension, the manipulation of live organisms have long been connected with the phrase. 

People's perceptions can affect regulatory positions in the following ways: Biopesticides have 

been classified in the EU as a type of pesticide derived from microorganisms or natural 

ingredients. 

Advantages of biopesticides: 

Biopesticides have the following advantages: 

1. Biopesticides are generally less harmful than conventional pesticides by nature. 

2. In contrast to broad-spectrum, chemical pesticides, which may impact organisms as 

diverse as birds, insects, and mammals, usually affect just the target pest and closely 

linked organisms. 

3. Biopesticides are effective in relatively small quantities and break down rapidly, leading 

to lower exposures and generally avoiding conventional pesticides for reaching the 

population. 

4. Biopesticides, if used in combined with integrated pest management (IPM) programs, can 

significantly decrease the use of conventional pesticides while preserving high crop 

yields. 

Types of biopesticides: 

A) Microbial pesticides: The active ingredient in microbial pesticides is a microorganism 

(bacteria, fungus, virus, protozoan, or algae). Although each active ingredient is somewhat 

specialized for its target pest, microbial pesticides can manage a broad range of pests. 

There are fungus that regulate specific weeds and fungi that kill a specific insect, for 

example. They hold pests at harbour by developing a toxin that is specific to the pest that is 

causing the disease.The Bacillus thuringiensis (Bt) bacterium, which can control certain 

insects in cabbage, potato, and other crops, is a very well microbial pesticides. Bt produces a 

proteins that is harmful with one type of insect pest. Other microbial insecticides act by 

removing pest organisms. Microbial pesticides must always be continuously checked to make 

sure that they really do not develop the potential to degrade non-target organisms, such as 

people. Bt can be applied to plant leaves or included into agricultural genetic material, and it 
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has been discovered to be poisonous to moth and butterfly caterpillars (larvae). These can 

also be used to keep mosquitoes and black flies bay. 

Uses of microbial biopesticides: 

1) Entomopathogenic fungi are essential natural insect population controls and also have 

the potential to use as mycoinsecticides against a wide range of agricultural insect 

pests. 

2) Entomopathogens could be particularly effective in the fight against pest resistance. 

3) Entomopathogenic fungi could be useful in the control of B. cockerelli and other 

potato pest insects as part of an integrated pest management strategy. 

4) Many bacteria can infect insects, but those belonging to the genus Bacillus are the 

most commonly employed insecticides. Bacillus thuringiensis, one of the Bacillus 

species, has evolved a variety of molecular pathways for producing pesticide toxins, 

with several cry genes coding for the majority of the toxins. 

B) Biochemical pesticides: Plant extracts, fatty acids, and pheromones are examples of 

naturally occurring substances that control pests in benign ways. Conventional pesticides, 

on the other hand, are synthetic materials that kill or prevent the pest dormant. Plant 

growth regulators and substances that repel or attract pests, such as pheromones, are 

examples of biochemical pesticides that interfere with growth or mating. Because it can 

be difficult to tell whether such a natural pesticide is controlling a pest in a non-toxic 

manner, the Environmental Protection Agency (EPA) has formed a committee to evaluate 

if a pesticide fits the criteria for a biochemical pesticide. Insect mating pheromones that 

compromise with pairing and also different scented plant extracts that attract caused by 

insects to traps are examples of biochemical pesticides. 

Peptidomimetics:  

Examples: Plant products: Neem: Azadirachtin, meliantetyraolenone, and adoration 

1. Uses of biochemical pesticides: The use of botanicals is now emerging as one of the 

important means to be used in the protection of crop production and the environment 

from pesticide pollution, which is a global problem. 

2. Peptide toxins block vertebrate calcium or potassium channels. 

C) Plant- Incorporated-Protectants (PIPs): PIPs are pesticides that plants produce as a 

result of genetic material being added to the plant. Scientists can, for example, extract the 

genes for the Btpesticidal protein and introduce it into the plant's genetic code. The plant, 

rather than the Bt bacteria, then provides the chemical that eliminates the pest. The EPA 

regulates both the protein and its genetic material, but not the plant itself. 
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For instance, the Cry1Ac or Cry9C proteins are all designed to combat the European corn 

borer (OstrinianubilalisHubner) (Lepidoptera), an important maize pest in North 

America and Europe. 

Uses of plant-incorporated protectants: 

1. To reduce the destruction of crops by phytophagous arthropod pests is to genetically 

modify plants to express genes encoding insecticidal toxins. 

2. The expression of these toxins confers protection against insect crop destruction. 

 

Rhizobiology: 

 Recent advancements in the role of various biomolecules in controlling root development 

are discussed in Rhizobiology. "A proactive sub-discipline of plant biology that collates 

investigate from different components such as physiology, biochemistry, genetic testing, and 

plant-microbe interactions," according to Rhizobiology. In the last two decades, remarkable 

progress has been made in understanding the physiology and molecular mechanics of root 

development. Plants required a number of essential and tress components, and certain intrinsic 

hormones, to grow and develop properly. Aside from well-known phytohormones including 

IAA, GA, cytokine, ethylene, and ABA, other biomolecules have been suggested as potential 

growth factors or hormones that control the growth and development of plants. 

 Because of factors like leaching and denitrification, especially in tropical climates, and 

contamination of underground water, nutrient concentrations in the soil vary frequently. Nitrogen 

(N), phosphorus (P), and potassium (K) are the 3 most significant nutrients for growing plants 

(K). The trio known as NPK is made up of them. Because each plant competes with its 

neighbours and soil microbes for nutrient availability, there is a tremendous selective pressure to 

change nutrient capture efficiency. Soil nitrogen levels are maintained or improved by applying 

these industrially-fixed nitrogen sources, which avoids leaching and denitrification, especially in 

tropical settings, and also polluting of underground water with nitrogen fertilizers. 

Root architecture and physiology: 

 The health of the plant is inextricably linked to its roots. When roots become weak or 

infected, the entire plant loses. In order to be healthy, the roots may continue expanding. The 

root system can perform numerous critical functions. The roots are responsible for absorbing the 

water and mineral nutrients that a plant needs to live. They gain the support of the plant to the 

ground and provide support to the plant's above-ground parts.Plant roots are usually hidden from 

view, growing and living below in symbiotic relationships with fungus. They use its root apex to 
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traverse large areas of soil in quest of enough water and essential mineral ingredients. The supply 

of nutrients, mainly nitrate and phosphate, is closely connected to and shapes root 

architecture.Soil fungal hyphae incorporate root systems into massive root webs which allow not 

only for the exchange of water and mineral nutrients but also the transportation of chemical and 

electrical signals over long distances. Mycorrhizal fungi produce underground hyphal 

connections that link individual plants and transfer water, carbon, nitrogen, and other nutrients 

and minerals. 

The cellular level of Root interaction with soil biomolecules: 

 The root model emerged to the 3D distribution of roots inside the soil, which regulates 

how effective the root is at investigating the volume of the soil.The rate and duration of each root 

tip growth, and also the frequency and spread of root branches within the constantly changing 

environment in which the root system is developing, determine root architecture. Each growing 

root tip behaves as a semi-autonomous unit. The meristematic zone, where cell division takes 

place, and the elongation zone, where freshly created cells extend, both are contained within a 

few millimeters of the terminal portion of the root. A range of environmental factors influences 

the rate of tip elongation and growth angle. The root cap is where a lot of this environmental 

awareness takes place.Because its behaviour must be integrated with processes occurring 

throughout the plant, the single root tip does not operate as a wholly autonomous unit. As a 

result, root tip activity is also influenced by various long-range endogenous signals, including 

phytohormones, polysaccharides, and maybe other, less well-studied signal molecules like 

peptides. 

Rhizobacteria: Plant Growth Regulator Rhizobacteria, the bacteria that form nodules on 

legumes and are known as rhizobia, are divided into 2 genera: Rhizobium and Bradyrhizobium. 

Rhizobium strains are all fast-growing microorganisms. 

Nitrogen fixation by fungi: Nitrogen fixation is the essential biological process in which 

nitrogen in the atmosphere is converted into ammonia by certain bacterial species like 

Rhizobium, Azotobacter, etc. and by other natural phenomena. The nutrients required for 

synthesis various plant elements obtain from the atmosphere as well as from the soil. This group 

of elements includes nitrogen as well. Plants obtain nitrogen from the soil and utilise it in the 

process of protein synthesis. Unlike carbon dioxide and oxygen, atmospheric nitrogen cannot be 

obtained through the stomata of leaves. Because the nitrogen gas present in the atmosphere 

cannot be directly used by plants. There are certain bacteria and some natural phenomena that 

help in Nitrogen fixation. 
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Nitrogen fixation: Nitrogen Fixation is a biological process in which the nitrogen gas is 

converted into a usableform for plants and other microbes. In this process, nitrogen gas present 

in the atmosphereis converted into ammonia and other related nitrogenous compounds.Nitrate 

(NO3
−
) is the major N source for plants growing in aerobic soils. Nitrate present in soil often 

converted into organic nitrogen by the glutamate synthases cycle in presence of nitrate reductase 

as a catalyst. 

Nitrogen fixation: 

 Nitrogen fixation is a biological process in which nitrogen gas is transformed into a form 

that plants and other microorganisms can use. Nitrogen gas from the environment is transformed 

into ammonia and other nitrogenous components in this process. Plants growing in aerobic soils 

utilize nitrate (NO3) as their primary source of nitrogen. In the presence of nitrate reductase, 

nitrate present in soil is frequently converted into organic nitrogen via the glutamate synthases 

cycle. 

 Some plants can form a symbiotic relationship with nitrogen-fixing soil bacteria in search 

of nitrogen, allowing them to survive in nitrogen-deficient soils. The development of a special 

plant root organ known as the nodule is the outcome of this symbiotic relationship. Bacteria in 

these nodules may transform air dinitrogen into ammonia, which the plant can utilise. The 

establishment of a successful symbiosis necessitates the compatibility of the two symbiotic 

partners throughout the symbiotic development phase. Nodulating plants, which are 

commercially important, belong to the legume family. Plants carefully manage the bacterial 

community that surrounds them in terms of composition and activity. In exchange for the plant 

delivering reduced carbon and other metabolites to the microbial community, these bacteria 

provide a variety of services and benefits to the plant. Soils are typically damp, low-carbon 

environments that support a wide variety of soil microbial communities. The rhizomicrobiome is 

particularly significant to agriculture because of the diverse spectrum of root exudates and plant 

damaged cells that attract unique and distinct patterns of microbial colonisation. 

 The nitrogen fixing symbiosis between rhizobia and legumes is the most well-studied and 

exploited beneficial plant bacterium connection. Rhizobia are Gram-negative bacteria that 

mostly colonise the roots of legumes and aid their host plant's development in nitrogen-deficient 

environments. Rhizobia are taxonomically diverse, with around 98 species. The legume creates a 

new organ, the nodule, to house the rhizobia, which then transforms into a branching, N-fixing 

bacteroid subsequently converts from its free-living rod-shaped cell type into a branching N-

fixing bacteroid.Inoculating plants with plant-growth-promoting rhizobacteria (PGPR) or 
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treating plants with microbeto-plant signal chemicals has been shown to be an effective 

technique for stimulating crop development in studies. Furthermore, these strategies can help 

crops withstand abiotic conditions like drought, heat, and salt, which are likely to become more 

common as climate change conditions worsen. This finding has led to the development of 

multifunctional PGPR-based formulations for commercial agriculture, reducing the need for 

synthetic fertilisers and agrochemicals. 

Transfer of nitrogen-fixing capacity to non-nitrogen-fixing plants:  

 Certain plants are unable to fix nitrogen naturally, there are some techniques by which 

plants can obtain sufficient nitrogen from the environment. 

1. Genetic transfer of nitrogen fixation ability to the plant cells: The transfer of cloned genes 

between nitrogen-fixing micro-organisms and plants should be considered as a long-term 

project since the stability of the genes required for nitrogen fixation following their 

incorporation, expression and inheritance by the whole plant after their introduction into 

the plant cells is not yet known. Several possibilities are offered by this strategy. 

2. Hybridization of nitrogen-fixing and non-nitrogen-fixing plant: Sophisticated 

technologies such somatic hybridization by protoplast fusion or embryo rescue are now 

available, which could hopefully be most helpful in this unexplored field of research. 

3. Micro-grafting: By grafting former plants onto nitrogen-fixing root stocks, it is possible 

to introduce nitrogen-fixing capabilities to one plant from the same family. 

4.  Indirect nitrogen-fixing capabilities via mycorrhizal fungi: Transferring the whole set of 

genes necessary to fix nitrogen from a bacterium to a mycorrhizal fungus is likely to be 

possible and easier than transferring the genes to a plant. 

Scope of Rhizobiology: 

1. The Soil Microbiota's Role in Root Architecture: The root microbiome is made up of 

microorganisms that are born in the soil and can influence plant root shape and 

architecture. Certain microbes produce volatile compounds that encourage lateral root 

branching and aerial shoot growth, whereas others cause root necrosis, which leads to 

plant death. We can boost root biomass while simultaneously promoting overall plant 

development in the current setting by manipulating the microbiota. 

2. Improving environmental constraints tolerance: Highly active nitrogen-fixing systems 

would be useless if they were not tolerant of environmental constraints that limit their 

activity. As a result, nitrogen-fixing systems must be chosen or engineered so that their 

activity is not or only little decreased by limiting constraints. On the one hand, one can 

employ the genetic manipulation of microorganism techniques that have advanced 
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substantially in recent years. Plant cell and tissue culture techniques, on the other hand, 

have improved to the point that they may be successfully employed to increase host 

performance in adverse conditions. 

 Nitrogen fixation in tropical agriculture and forestry: A stem-nodulated legume has the 

unusual ability to absorb combined nitrogen with roots while also fixing atmospheric nitrogen 

with stem-nodules, even when soil mineral nitrogen levels are high. Transferring the stem 

nodulation characteristic of this plant to non-stem nodulated legumes has been suggested as a 

strategy to establish new, uncontrolled nitrogen-fixing systems. 

Immunology: 

 Immunology is a branch of biomedical science that deals with the immune system of 

living organisms. The immune system develops the necessary defence mechanisms to combat 

numerous microorganisms that can cause disease. Immunology is the study of the immune 

system's physiological behaviour in both healthy and diseased tissues. Immunological disorders 

or autoimmune illnesses are diseases that affect the immune system. Immunology is an 

interdisciplinary science that is strongly linked to a variety of other scientific fields, and as a 

result, it has a number of sub-disciplines. While the immune system's main lymphoid organs are 

the thymus and bone marrow, the secondary lymphatic system includes the spleen, tonsils, lymph 

nodes, lymph vessels, adenoids, skin, and liver. 

 Immunology is a discipline of medical and biological research that studies the immune 

system. Microbes cause disease, which triggers an immunological response and influences the 

immune system during infection, hence microbiology and immunology are linked. It's a hot issue 

for researchers interested in bacterial and eukaryotic microorganisms and viruses that cause 

diseases including Dengue Fever, Malaria, Leishmaniasis, and Tuberculosis, as well as how host 

organisms' immune systems respond to infection. Microbiologists and immunologists will be 

able to design antibiotics and antiviral drugs by understanding how the immune system reacts to 

such assaults. Microbiologists and immunologists can develop antibiotics and antiviral drugs by 

examining how the immune system responds to these types of threats. 

 Microbiology research is improving our health. Microbiology is the scientific study of 

microorganisms (such as viruses, bacteria, and parasites) and their involvement in human 

existence.Immunology is the study of how the body defends itself against infectious diseases and 

tumours caused by microorganisms.The immune system is a complex network of structures and 

functions that have evolved to keep us healthy. The immune system is made up of molecular and 

cellular components. Nonspecific mechanisms, which are intrinsic to an organism, and 
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responsive responses, which are adaptive to specific pathogens, are the two types of functions 

performed by these components. Fundamental or classical immunology involves studying the 

components that make up the innate and adaptive immune system. 

Innate immunity is the first line of defence that is non-specific. That is, regardless of how 

varied potential pathogens are, the responses are the same. Physical barriers (e.g., skin, saliva, 

etc.) and cells make up innate immunity (e.g. macrophages, neutrophils, basophils, mast cells 

etc.) These components are ready to go,' protecting an organism for the first several days after 

infection. In some circumstances, this is sufficient to eliminate the pathogen, but in others, the 

initial line of defence is overwhelmed, and a secondary line of defence is activated. 

Adaptive immunity is the second line of defence, involving the formation of a memory of 

previously encountered infections in order to create a more targeted reaction to the pathogen or 

foreign material. Antibodies are involved in adaptive immunity. Which generally targets foreign 

pathogens roaming free in the bloodstream. Also involved are T cells, which are directed 

especially towards pathogens that have colonised cells and can directly kill infected cells or help 

control the antibody response. 

Humoral immunity: Antibody-mediated immunity (AMI) is defined by the creation of antigen-

specific immunoglobulin molecules, often known as 'antibodies.' Antibodies are largely used to 

protect the body against exogenous infections and poisons. Humoral immunity gets its name 

from the fact that it contains compounds present in humour, or bodily fluids. 

Cell-mediated immunity: Cell-mediated immunity (CMI) entails the activation of antigen-

specific cells such CTLs and macrophages, which then destroy the antigen on the cells. 

Intracellular infections, multicellular parasites, transplanted tissue, and cancer cells are the 

primary targets of cellular immunity. 

Active immunity is a type of immunity in which the host develops an adaptive immune response 

and creates the cells and molecules that provide immunity. In the host, active immunity can last 

for a long time. 

Passive immunity refers to the acquisition of immunological components from another species, 

such as pre-formed antibodies and/or immunoreactive cells, by the host. Passive immunity is 

typically short-lived and usually persists only a few weeks or months. 

Antigen-antibody interaction: During an immunological reaction, there is a chemical 

interaction between antibodies produced by B cells of the white blood cells and antigens. 

Agglutination is the process through which antigens and antibodies interact. It is the body's basic 

mechanism for protecting itself from complex foreign substances such as infections and their 

chemical poisons. Antibodies bind to antigens in the blood, binding them precisely and with a 
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high affinity to form an antigen-antibody complex. The immune complex is subsequently 

delivered to cellular systems to be destroyed or deactivated.  

Antibodies and antigens come in a variety of shapes and sizes, and each antibody can only 

attach to one type of antigen. The chemical composition of each antibody determines the 

specificity of the binding. Electrostatic interactions, hydrogen bonds, Van der Waals forces, and 

hydrophobic interactions are all examples of weak and noncovalent interactions that bind 

antigens to antibodies. 

Chemical basis of antigen-antibody interaction: Antibodies binds to antigens via weak 

chemical interactions that are effectively non-covalent. Depending on the interaction locations, 

electrostatic interactions, hydrogen bonds, van der Waals forces, and hydrophobic interactions 

are all known to be involved. 

Precipitation reaction: In the presence of an electrolyte and at a certain temperature and pH, 

soluble antigens join with soluble antibodies to produce an insoluble visible complex. A 

precipitation reaction is what this is known as. It is used to determine the quality and quantity of 

both antigen and antibody. The interaction of soluble antigen with soluble antibodies results in 

the formation of a massive interlocking structure known as a lattice. There are two main stages to 

it. The antigen and antibody first form antigen-antibody complexes in a matter of seconds, and 

then the antibody-antigen complexes form lattices that precipitate from the solution in a slower 

reaction. Anthrax can be diagnosed and food adulteration can be determined using a particular 

ring test. 

Agglutination reaction: It works by interfering with the antigen-antibody interaction, in which 

antibodies cross-link particulate antigens, causing visible particle clumping. There are two types, 

namely active and passive agglutination. They are used in blood tests for diagnosis of enteric 

fever. 

Application of Antigen-antibody interaction: Antigen-antibody interaction is used in 

laboratory techniques for the serological test of blood compatibility and various pathogenic 

infections. The most basic is ABO blood group determination, which is useful for blood 

transfusion. Sophisticated applications include ELISA, enzyme-linked immunospot (Elispot), 

immunofluorescence, and immunoelectrophoresis. 
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Introduction: 

Psychrotrophic bacteria differ from psychrophilic bacteria, as psychrophiles have 

optimum growth temperature of 15
0
C or lower and 20

0
C as a maximum growth temperature. 

Minimum temperature at which the psychrophiles can grow is 0
0
C or lower(Kushner, 1978). 

Bacteria which can grow at a temperature of 7
0
C or lower but their optimum growth temperature 

was higher in mesophilic range, called as psychrotrophs. Studies reveals that psychrotrophic 

bacteria have been isolated from different cold environments such as Antarctic regions, deep 

oceans, also from environments where seasonally cold conditions were observed shows their 

ability to resist high temperature. These bacteria are able to produce cold active enzymes with 

higher catalytic activities at lower temperatures compare to mesophilic and thermophilic 

temperature. Recently biotechnology and dairy science focused on applications of psychrophiles, 

psychrotrophs and cold active enzymes. Different biochemical reactions carried out by milk 

micro flora leads to flavor deterioration and milk spoilage. These reaction leads to breakdown of 

lactose, protein, fat and makes the milk not suitable for drinking. Microorganisms brings the 

fermentation of milk constituents like conversion of milk to curd due to lactic acid formation 

which is considered as normal fermentation whereas ropiness, gassiness, proteolysis, lipolysis 

are unusual fermentation reactions. 

According to Margesin et al., Due to special properties such as cold shock proteins, 

enzymes with high specific activity and short and unsaturated fatty acids in their membranes, 

psychrotrophic bacteria live in cold environment (Margesin et al., 2007). Milk is very good 

medium for bacteria‘s luxurious growth, so there is maximum risk of contamination. Milk is 

highly perishable in nature and, depending on the storage temperature, its shelf life is reduced to 

3 to 4 hours (Kumar and Seth, 2008). The extension of shelf life has been an important goal of 

the dairy industry to meet the requirements for rising shipping times and distances (Goff and 

Griffiths, 2006). Main agents of milk contamination are the microorganisms which produce 

several substances during their growth and degrade milk components, such as lactose, fat and 
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protein (Chambers, 2002). The milk quality of dairy products considerably improved by 

refrigeration in processing plants.  But the current practices for the collection and storage of raw 

milk favors the growth of psychrotrophic bacteria which can grows at a temperature of 7
0
C 

(Moussa et al., 2008). 

Sample collection and Labelling  

Diversity of Psychrotrophic bacteria was studied by using milk and milk products(buffalo 

and cow milk, sour and sweet curd) obtained from five dairies of Aurangabad.Samples were 

collected from five dairies of Aurangabad namely Bharat milk dairy, Quality Milk dairy, Seema 

Milk Dairy, Janta Milk dairy and Ajanta Milk Dairy in different seasons such as winter, summer 

and rainy. Samples were assigned codes to study further. The buffalo milk samples were coded 

BBM (Bharat buffalo milk), QBM [Quality buffalo milk], SBM [Seema buffalo milk], ABM 

[Ajanta buffalo milk] and JBM [Janta buffalo milk]. These samples were further separated by 

seasonal variation showed in table 1. 

Table 1:  Labelling of buffalo milk samples in different seasons 

 

 

Table 1 shows each milk sample further separated by seasonal variation i.e.BBMw 

[Bharat buffalo milk winter season], BBMs [Bharat buffalo milk summer season], BBMr [Bharat 

buffalo milk rainy season]. Other milk samples also assigned codes accordingly. 

Cow milk samples were coded BCM [Bharat cow milk], QCM [Quality cow milk], SCM 

[Seema cow milk], ACM [Ajanta cow milk] and JCM [Janta cow milk]. Seasonal variation of 

these samples was showed in table 2. 

Table 2 shows each milk sample further separated by seasonal variation i.e.BCMw 

[Bharat cow milk winter season], BCMs [Bharat cow milk summer season], BCMr [Bharat cow 

milk rainy season]. Other milk samples also assigned codes accordingly. 

 

 

Sr. No Codes Assigned Winter(w) Summer(s) Rainy(r) 

1 BBM BBMw BBMs BBMr 

2 QBM QBMw QBMs QBMr 

3 SBM SBMw SBMs SBMr 

4 ABM ABMw ABMs ABMr 

5 JBM JBMw JBMs JBMr 
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Table 2: Labelling of cow milk samples in different seasons. 

Sr. No Codes Assigned Winter(w) Summer(s) Rainy(r) 

1 BCM BCMw BCMs BCMr 

2 QCM QCMw QCMs QCMr 

3 SCM SCMw SCMs SCMr 

4 ACM ACMw ACMs ACMr 

5 JCM JCMw JCMs JCMr 

 

 The Sweet and Sour Curd samples were also collected from above mentioned dairies and 

assigned the codes by the same manner in seasonal variation showed in table 3a sweet curd = 

SwC and 3b (sour curd = SoC). 

Sweet curd 

Table 3a: Labelling of Sweet curd samples in different seasons. 

Sr. No Codes Assigned Winter(w) Summer(s) Rainy(r) 

1 BSwC BSwCw BSwCs BSwCr 

2 QSwC QSwCw QSwCs QSwCr 

3 SSwC SSwCw SSwCs SSwCr 

4 ASwC ASwCw ASwCs ASwCr 

5 JSwC JSwCw JSwCs JSwCr 

 

Table 3a shows each sweet curd sample further separated by seasonal variation 

i.e.BSwCw [Bharat sweet curd winter season], BSwCs [Bharat sweet curd summer season], 

BSwCr [Bharat sweet curd rainy season]. Other milk samples also assigned codes accordingly. 

Sour curd 

Table 3b shows each sweet curd sample further separated by seasonal variation 

i.e.BSoCw [Bharat sour curd winter season], BSoCs [Bharat sour curd summer season], BSoCr 

[Bharat sour curd rainy season]. Other milk samples also assigned codes accordingly. 
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Table 3b: Labelling of Sour curd samples in different seasons 

Sr. No Codes Assigned Winter(w) Summer(s) Rainy(r) 

1 BSoC BSoCw BSoCs BSoCr 

2 QSoC QSoCw QSoCs QSoCr 

3 SSoC SSoCw SSoCs SSoCr 

4 ASoC ASoCw ASoCs ASoCr 

5 JSoC JSoCw JSoCs JSoCr 

Diversity of psychrotrophic bacteria  

Diversity of psychrotrophic bacteria studied by enumeration of these bacteria from milk 

and curd samples with respect to seasonal variation. All the samples were collected in sterile 

screw cap tube and kept under refrigeration for further study. Enumeration of psychrotrophic 

bacteria was carried out in different seasons ie winter, summer and rainy. Serial dilutions of milk 

(buffalo/cow) and curd (sweet/sour) samples were carried out by method mentioned by 

American Public Health Association (Vanderzant and Splittstoesser, 1992). In winter, summer 

and rainy season each sample of milk and curd is tenfold diluted (10
-1

 to 10
-10

) by using sterile 

normal saline water. 9 ml of milk/curd sample was taken in sterile test tube and 1 ml of sterile 

saline was added in first test tube to make the dilution of 10
-1

 and from this test tube 1ml sample 

is transferred to second tube containing 9 ml of milk/curd sample. Same procedure was carried 

out to obtain final dilution of 10
-10

 in last test tube. Once the samples were diluted 0.1 ml from 

each test tube (10
-1

 to 10
-10

) inoculated in sterile molten milk agar plates by pour plate technique 

and all the plates were incubated for 10 days at 7
0
C temperature for the growth of psychrotrophic 

bacteria. After ten days growth was observed in plates and colony count was carried out as a total 

viable count in different seasons for all diluted samples were carried out as a colony forming unit 

per ml or per gram according to ISO (1995) and expressed as a log10 CFU/ml. 

Enumeration of psychrotrophic bacteria: 

Buffalo milk 

Psychrotrophic bacteria from buffalo milk was enumerated in different seasons from selected 

dairies of Aurangabad and results shows bacterial count log10 CFU/ml changes slightly in 

different season figure 1. 
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a      b 

 

c 

Figure 1: Enumeration of psychrotrophic bacteria from buffalo milk in different seasons 

[1a (winter season), 1b (summer season) and 1c (rainy season)]. 

  

Figure 1shows in different season bacterial count log10 CFU/ml changes slightly. In 

winter maximum enumeration was observed in BBM ie 3.18 log10 CFU/ml while least in SBM 

1.85 log10 CFU/ml milk sample. In summer BBM and SBM showed the same enumeration with 

little variation i.e. 3.12 log10 CFU/ml and 1.94 log10 CFU/ml respectively. Similarly, in rainy 

season ABM sample was highest value of 3.42 log10 CFU/ml and JBM 2.65 log10 CFU/ml. Other 

milk samples collected from different dairies showed bacterial count between highest and lowest 

log10 CFU/ml in each season. All the buffalo milk samples showed psychrotrophic bacteria with 

some variation.  
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Cow milk 

 

a       b 

 

c 

Figure 2: Enumeration of psychrotrophic bacteria from cow milk in different seasons 

[2a (winter season), 2b(summer season) and2c (rainy season)]. 

 

Figure 2a, 2b and 2c shows enumeration of psychrotrophic bacteria from cow milk was 

less as compare to buffalo milk because cow milk is not stored for a long time in refrigeration. In 

winter sample of ACM showed maximum 1.82 log10 CFU/ml and sample of SCM 0.95 log10 

CFU/ml. In summer and rainy season, the samples of ACM and SCM have the highest 1.45 log10 

CFU/ml, 2.46 log10 CFU/ml and lowest 1.12 log10 CFU/ml, 1.95 log10 CFU/ml bacterial count. 

These results suggest that in rainy season enumeration of psychrotrophic bacteria increases 

whereas buffalo milk showed slight variation. These results suggest that psychrotrophic bacterial 

count varies due to prolonged storage. 

Curd 

Curd is also very good source of psychrotrophic bacteria. Presence of psychrotrophic 

bacteria in curd sample depends on the milk used for the preparation of curd. Enumeration of 

psychrotrophs in curd is also very important because quality of curd depends on the types of 

bacteria present in the milk as more the number of these bacteria curd quality is changed. In 
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Aurangabad we found that curd is stored in refrigeration for a long period in many dairies. We 

enumerated psychrotrophic bacteria from two types of curd samples namely sweet curd and sour 

curd samples. 

Sweet curd 

 

a       b 

 

c 

Figure 3:  Enumeration of psychrotrophic bacterial from sweet curd samples  

[3a (winter season), 3b(summer season) and 3c (rainy season)] 

 

Sour curd 

 

a       b 
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c 

Figure 4: Enumeration of psychrotrophic bacteria from sour curd samples 

[3a (winter season), 3b(summer season) and 3c (rainy season)] 

  

 The Figure 3 and 4 shows that seasonal variation in psychrotrophic count of sweet and 

sour curd sample in different dairies. Maximum count for sweet curd was 0.82 log10 CFU/ml in 

winter season of Quality milk dairy and minimum of 0.42 log10 CFU/ml in Janta milk dairy. 

Similarly, in summer maximum of 0.74 log10 CFU/ml and 0.45 log10 CFU/ml as minimum was 

observed in Quality milk and Janta milk dairies respectively. In rainy season 0.64 log10 CFU/ml 

was a maximum count in Seema milk dairy and 0.43 log10 CFU/ml a minimum count in Janta 

milk dairy observed. Sour curd shows different psychrotrophic count compare to sweet curd for 

the seasons. In winter maximum of 0.91 log10 CFU/ml in Aurangabad milk dairy and minimum 

of 0.59 log10 CFU/ml in Seema milk dairy was counted. In summer 0.82 log10 CFU/ml in Quality 

milk dairy and 0.58 log10 CFU/ml in Aurangabad milk dairy while the rainy season shows 

maximum of 0.67 log10 CFU/ml and minimum of 0.42 log10 CFU/ml in Janta milk dairy. The 

considerable variation in different season in different dairies is might be due to demand and 

supply of curd. If demand is more the curd is not stored for a long time in freezers. 

These findings show that diversity of psychrotrophic bacteria shows considerable 

variation in different milk samples and dairy products, also season effect on their count 

considerably. 
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Abstract: 

 The ability of fungi to degrade and/or detoxify organic contaminants from the 

environment has been established as an efficient, economical, versatile, and environmentally 

sound technology called mycoremediation. The term has emerged as an effective technology for 

treating hydrocarbon contaminants in soil in recent years due to a diverse consortium of fungi's 

ability to degrade a wide range of hydrocarbon molecules. The chapter reviews various 

literatures among many hydrocarbons degrading lower (micro) and higher (macro) fungi isolated 

and reported from various oil and petroleum contaminated sites as well as various enzymes 

isolated from those fungus responsible for hydrocarbon degradation. 

Keywords: Mycoremediation, biodegradation, hydrocarbon degradation, microfungi, 

macrofungi 

 

Introduction: 

 The term ―mycoremediation‖ coined by Paul Stametsrefers to detoxificationof polluted 

site by applying various kinds of fungal species. The concept of mycoremediation was 

discovered in the 1984 film ‗Nausicaa of the Valley of the Wind‘, where vast tracts of fungal 

forest rehabilitatetheplanet aftercatastrophic human polluting andapocalypse.Mycoremediation is 

one of the important biotechnologicalapproachwhich can be defined as the use of fungalsystems 

to catalyze the destruction or transformation of various hazardous chemicals to lessharmful 

forms.As it is simple to maintain, applicable over large areas, cost effective and leads to 

complete destruction of the contaminant, it has been proved out to be one of the fascinating 

approaches for cleaning up of the carcinogenic and mutagenic polycyclic aromatic hydrocarbon 

and petroleum present in the environment, it better determine the right fungal species to target a 

specific pollutant (Huesemann, 1994; Stamets, 2005).  
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 Higher fungi, such as mushrooms, have been used in the rehabilitation of polluted soil for 

several years. Because white-rot fungus can be cultivated on a variety of inexpensive agricultural 

or forest wastes such as rice straw, corn cobs, and sawdust, their use in bioremediation is 

currently considered to be cost-effective. Because of their ability to digest lignin and other 

similar chemicals like PAHs, the utility of fungi for biodegradation has a high likelihood. 

 Fungi produce diversified extracellular enzymes to degrade various kinds of substrate 

including lignin, which cannot pass through the cell walls of microorganisms. This process of 

degradation is called mineralization, and the end product is carbon dioxide. Since lignin is 

comprised of many different aromatic rings in long varied chains, the fungal enzymes for 

mineralization are non-specific and frequently can also mineralize PAHs (Mai et al., 2004). 

Some of the higher fungi mostly members of basidiomycetes square measure amongst nature‘s 

most powerful decomposers, secreting sturdy additional cellular enzymes because of their 

aggressive growth and biomass production. These enzymes embody lignin peroxidases (LiP), 

manganese peroxidase (MnP) and laccase, etc. Phanerochaetechrysosporium, Agaricus 

bisporus, Trametes versicolor and Pleurotus ostreatus amongst several mushrooms 

are according within the remotion of contaminated sites. In Nigeria, Lentinus squarrosulus, 

Pleurotus tuber-regium, P. ostreatus and P. pulmonarius are utilized in bioremediation of 

contaminated soils both in-situ and ex-situ. 

Role of fungi in hydrocarbon degradation: 

 Fungi possess an astonishing potential to scrub up polluted environments. The role of 

fungus in the biodegradation of oil and petroleum products has received a lot of attention. One of 

the initial functions of fungi in the plan is decomposition, which is carried out by the mycelium. 

Extracellular enzymes and acids secreted by the mycelium break down lignin and cellulose, the 

two major building elements of plant fibre. These are organic molecules made up of lengthy 

carbon and hydrogen chains that are structurally similar to various organic contaminants 

(stamets, 2003). Fungi produce extracellular enzymes to degrade lignin, which cannot pass 

through the cell walls of microorganisms. This process of degradation is called mineralization, 

and the end product is carbon dioxide. Since lignin is comprised of many different aromatic rings 

in long varied chains, the fungal enzymes for mineralization are non-specific and frequently can 

also mineralize PAHs (Mai et al., 2004).   

 Fungi's decomposing capabilities are compatible with the assembly of naturally occurring 

chemicals that could be used as carbon sources. Hydrocarbon contaminants, according to Norton 

(2012), have similar or identical molecular structures, allowing fungus to act on them as 
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well.Emuh (2010) proclaimed that the mushroom hypha and mycelia possess the capability to 

break down and absorb the crude oil and heavy metals present in polluted soil through the 

secretion of enzymes into environmentally safe levels.Non-specific extracellular ligninolytic 

enzymes secreted into the soil by mushrooms are responsible for degradation of lignin and other 

structurally similar organic compounds, such as polycyclic aromatic hydrocarbons (PAH), 

polychlorinated biphenyl (PCBs), dioxins, pesticides, explosives, dyes, solvents, etc.   

Isolation and identification of hydrocarbon degrading micro fungi (Lower Fungi): 

 AI- Hawash et al. (2019) isolated the highly efficient hydrocarbon-degrading fungal 

strain Aspergillus sp. RFC-1 from Rumaila oil field polluted sludge and reported that Aspergillus 

sp. RFC-1 biodegraded crude oil, NAP (naphthalene), PHE (phenanthrene), and PYR (pyrene) 

with 51.8 percent, 84.6 percent, 50.3 percent. 

 Isolation and characterization of hydrocarbon-degrading fungi from OgbeIjoh oil creek, 

Warri, Delta State, Nigeria, reported by Akinnibosun, and Ashegbare (2018) revealed the ability 

of Penicillium sp., Aspergillus niger, and Fusarium sp. to use crude oil as a carbon source, 

producing acid during their metabolism, and confirmed that these isolates were able to reduce the 

total. Hock et al. (2018) studied isolation and identification of potential fungal species for spent 

engine lubrication oil remediation in Peninsular Malaysia in which they discovered the potential 

effectiveness of fungi for degrading spent engine oil was confirmed, with the species identified 

via molecular identification. Fungi that were able to grow in Bushnell Haas Broth supplied with 

spent engine oil were identified with the potential to utilize spent engine oil as a carbon supply. 

Six species of fungi particularly Penicillium simplicissimum, Aspergillus nidulans, Aspergillus 

niger, Trichoderma longibrachiatum, Aspergillus ustus, and Aspergillus flavus were successfully 

identified during this study. Over a course of seven days, P. simplicissimum (21.11 percent) was 

known because the only fungi in degrading spent engine oil, followed by A. nidulans (17.75 

percent), A. niger (15.85 percent), T. longibrachiatum (15.12 percent), A. ustus (15.02 percent), 

and A. flavus (11.80 percent). As these species of fungi were isolated from the natural 

environment in Peninsular Malaysia, the potential of employing these fungi in mycoremediation 

of spent engine oil was thus confirmed. 

 Burghal et al. studied the abilities of four fungal species isolated from contaminated soil 

for crude oil biodegradation in 2016, finding that Aspergillus niger had the highest 

biodegradation rate compared to Candida kruseiand Candida glabrata, and Saccharomyces 

cerevisiae had the lowest biodegradation rate after 7 days of incubation.Mycoremediation of 

used engine oil polluted soil samples was studied by Thenmozhi et al. (2013). Engine oil 

contaminated soil samples were collected from various automobile workshops in Pudukkottai, 
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Tamil Nadu, South India, by the researcher. JJF3 Aspergillus niger and JF9 Aspergillus 

luchiencis were chosen for further investigation because they produced better findings. At 30 

days, both isolates deteriorated used engine oil 40.5 percent and 51.6 percent, respectively, 

according to gravimetric analyses. 

 Al-Nasrawi (2012) studied biodegradation of crude oil by fungi isolated from Gulf of 

Mexico about sixteen fungal strains were collected from Pensacola beach (Gulf of Mexico) and 

examined for biodegradation properties out of which four strains were verified for 

biodegradation efficiency of crude oil. It was resulted out that the isolated fungi Aspergillus 

niger showed higher activity followed by Penicillium documbens, Cochlioboluslutanus and 

Fusarium solani. Aspergillus nigerdocumented the highest weight loss whereas, the lowest 

weight loss was evidenced by Fusarium solani strain. 

 Husaini et al. (2008) reported biodegradation of aliphatic hydrocarbon by autochthonous 

fungi isolated from used motor oil contaminated sites during which he discovered five fungal 

isolates i.e., Trichoderma asperellum strain TUB F-1067 (SA4), Trichoderma asperellum 

strain Tr48 8/(SAS), Trichoderma asperellum strain TUB F-756 (SA6), Penicillium species 

(P1), and Aspergillus species (P9) which were further chosen for their hydrocarbon 

degradation potential.  

Isolation and identification of hydrocarbon degrading macro fungi (Higher Fungi): 

 In an investigation, Agrawal et al. (2018) discovered a phenanthrene- and pyrene-

degrading white rot fungus Ganoderma lucidum strain CCG1 in the JanjgirChampa district of 

Chhattisgarh, India. Later, high-performance liquid chromatography was used to quantify the 

breakdown of phenanthrene and pyrene by G. lucidum. G. lucidum destroyed 99.65% of 20 

mg/L phenanthrene and 99.58 percent of pyrenein mineral salt broth in just 30 days at 27°C, 

according to the results. G. lucidum released ligninolytic enzymes like Laccase, lignin 

peroxidase, and manganese peroxidase, as well as mineral salt broth loaded with phenanthrene 

and pyrene. Teerapatsakul et al. (2016) studied biodegradation of polycyclic aromatic 

hydrocarbons by a thermotolerant white rot fungus Trametes polyzona during which they 

broadcasted biodegradation of three polycyclic aromatic hydrocarbons (PAHs), phenanthrene, 

fluorene, and pyrene, by a novel discovered thermo tolerant white rot fungal strain from 

Thailand. T. polyzona displayed excellent removal of PAHs even at a high concentration of 1and 

complete degradation of phenanthrene in a mineral salt glucose medium culture was observed 

within 18 days of incubation at 30 ºC, whereas 90% of fluorene and 52% of pyrene were 

degraded under the same conditions. The strain T. polyzona was reported as a potential fungus 
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for PAH bioremediation, especially in a tropical environment where the temperature can be 

higher than 40ºC.  

 Ekundayo (2014) compared the biodegradative capacity of Pleurotus ostreatus and 

Pleurotus pulmonarius to digest crude and used engine oil polluted soils for six months. 

Adongbede and Sanni (2014) conducted a biodegradation investigation of motor oil by Agaricus 

campestris (A White Rot Fungus). Agaricus campestris was gathered in the wild in Lagos State, 

Nigeria, and grown on minimal salt medium (MSM) contaminated with engine oil to see how 

degradative it may be. Agaricus campestris dramatically reduced the total petroleum 

hydrocarbons in the polluted minimum salt solution, according to research (i.e., 90 percent of 

petroleum hydrocarbons were degraded). Two isolates of P. ostreatus and a sample of P. 

ostreatuswere collected from Chitila woods by Popa et al. (2013) in order to evaluate their 

ability to use crude-oil as a supply of carbon during an in vitro analysis of crude oil degradation 

potential of some Pleurotus ostreatus isolates. The P. ostreatus samples were infected in (MSM) 

plates with filter paper pieces soaked in crude oil placed around the inoculum and in plates with 

carbon free mineral salt medium (MSM) over the top of which 1ml of crude oil was dispersed 

thoroughly. The culture media were totally covered by mycelium after two weeks. Both isolates 

of P. ostreatus and P. ostreatus from the Chitila forest were able to use crude oil as a source of 

carbon and energy in their metabolism, according to these findings.In 2013 Sourav et al. reported 

molecular Characterization of Pleurotus ostreatus, participated in mycoremediation of Benzo[α] 

Pyrene under which they disclosed that the white rot fungus Pleurotus ostreatus can be the 

selective organism for the degradation of benzo[α]pyrene, are calcitrant organic pollutant. The 

researchers wanted to use partial 18S rDNA sequencing to identify the selected fungal isolate 

and compare the benzo-pyrene biodegradation capacity of both the wild isolation and the 

reference strain of Pleurotus ostreatus. The fungal isolate (wild type) was found to have 99 

percent sequence similarity to the Pleurotus ostreatus reference strain. Pleurotus ostreatus 

isolate (wild type) and Pleurotus ostreatus reference showed 32 percent and 29 percent 

deterioration, respectively. Pleurotus ostreatus PO-3 may thus prove to be a promising isolate 

for benzo[]pyrene degradation, based on the above-mentioned evaluations.A study on the 

mycoremediation employing oyster mushroom (Pleurotus ostreatus) mycelia on petroleum-

hydrocarbon-contaminated substrate was carried out within the mushroom unit of the Faculty of 

Agriculture Demonstration Farm, located in the University of Port Harcourt, Port Harcourt, 

Nigeria. Three treatment regimes (A, B and C) were incorporated in treatments, whereas their 

corresponding controls were equally contaminated with crude oil having no mushroom mycelia 

and were further sterilized to remove any microbial life. Depletion in the total hydrocarbon 
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concentrations in treatments (mushroom mycelia) A, B and C by 90%, 87 % and 85% 

respectively was resulted out within four weeks as compare to their control after the successful 

findings Zitteet al. (2012) recommended the application of mushroom mycelium a novel, rapid 

and effective tool for the bioremediation of oil and petroleum hydrocarbon other than usual 

conventional, time-consuming, and inefficient methods of waste management. 

 Adenipekun and Lawal (2011) worked on mycoremediationof crude oil and palm kernel 

contaminated soils by P. pulmonarius. They divulged an increment in the nutrient contents of 

palm kernel sludge contaminated soil while depletion in the heavy metal contents was observed 

at all level of crude oil leaving lead (Pb) which exaggerated at 5 and 20% crude oil 

contamination. Emuh (2010) recited the ability of mushroom hypha and mycelia for absorption 

and disruption of the crude oil and heavy metals present in polluted soil via secretion of enzymes 

into environmentally safe level leading to carbon (IV) oxide, water and feasibly biomass. 

Bishnoi et al. (2008), isolated Lignolytic white rot fungus, Phanerochaete chrysosporium, from 

soil sample of petroleum refinery, as used for degradation of five polycyclic aromatic 

hydrocarbons (PAHs: acenapthene, anthracene, phenanthrene, fluoranthene and pyrene), 

simultaneously and individually in sterile and unsterile soil.  

 Adenipekun and Isikhuemhen (2008) explored the bioremediation of motor oil 

contaminated soil by L. squarrosulus. It was discovered that polluted soil increased organic 

matter, carbon, and accessible phosphorus while decreasing nitrogen and available potassium. At 

1% engine oil content, a rather significant proportion of total petroleum hydrocarbon (TPH) 

degradation was detected (94.46).According to Ogboet al. (2006), the effect of varying levels of 

used lubricating oil on the amplification of P. tuberregiumat, this fungus proliferated maximally 

at a contamination level of 98 percent. According to Adenipekun and Fasidi that in 2005, 

Lentinus squarrosulus has has been found to mineralize soil contaminated with various 

concentrations of crude oil, resulting in hyperbolic nutrient contents in treated soil. During this 

investigation, organic matter and carbon levels in soils inoculated with L. subnudus were higher 

than the control at all concentrations of crude oil contamination. Another fungus being studied 

for its ability to remediate crude oil-contaminated soil is P. tuber-regium, a white-rot fungus. 

Role of fungal enzymes in hydrocarbon degradation: 

 Numerous enzymes isolated from bacteria, fungi, and plants have been reported to be 

involved in the biodegradation of toxicorganic pollutants. Bioremediation mechanism mainly 

depends on microorganisms which enzymatically attack the pollutants and converts them to 

innocuous products (Karigar and Rao, 2011). 
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 Barr and Aust (1994) found that fungi secrete nonspecific extracellular enzymes like 

laccase, lignin peroxidase, and manganese peroxidase, which are used to degrade a wide range of 

hydrocarbon pollutants with lignin-like structures, such as total petroleum hydrocarbons (TPHs), 

dichloro diphenyl trichloroethane (DDT), trinitrotoluene (TNT), polychlorinated (PAHs). 

Because many of the bonds that keep plant material together are identical to those found in 

petroleum products such as diesel and oil, mycelial enzymes can breakdown many refractory 

materials created by people or nature (Stamets, 2005). 

 Zebulun et al. (2011) reported his work on decontamination of anthracene-polluted soil 

through a white rot fungus (P. ostreatus) which induced biodegradation. Further he divulged that 

lignolytic enzymes such as lignin peroxidase, laccase and manganese peroxidase by P. ostreatus 

catalyzed the degradation of anthracene.  

Laccase: 

 Laccases (p-diphenol: dioxygen oxidoreductase) are multicopper oxidases generated by 

plants, fungi, insects, and bacteria that catalyse the oxidation of a wide range of reduced phenolic 

and aromatic substrates with the reduction of molecular oxygen to water as a side effect 

(Gianfreada and Bollag,1999). Many bacteria produce intracellular and extracellular laccases that 

catalyse the oxidation of ortho- and paradiphenols, aminophenols, polyphenols, polyamines, 

lignins, and aryl diamines, as well as some inorganic ions (Ullah et al., 2000). Laccases not only 

oxidise phenolic and methoxyphenolicacids, but also decarboxylate them and attack their 

methoxy groups, causing demethylation, as seen in Figure 1 (Karigar and Rao, 2011). These 

enzymes depolymerize lignin into a variety of phenols, which are then used as microbial 

nutrition or repolymerized to humic materials by laccase (Kim et al., 2003). 

 

Figure 1: General reaction mechanism for phenol oxidation by Laccase  

(Dedeyan et al., 2000) 

Peroxidases: 

 Peroxidases (donor: hydrogenperoxide oxidoreductases) are ubiquitous enzymes which 

accelerates the catalysation of lignin oxidation and other phenolic compounds at the expense of 

hydrogen peroxide (H2O2) in the presence of a moderator (Karigar and Rao, 2011). These 

peroxidases can be haem and nonhemeproteins. According to Bogan et al. (1996) Phanerochaete 
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chrysosporium – canoxidize pyrene, anthracene, fluorine and benzo[a]pyrene tothe 

corresponding quinines by lignin peroxidase and manganese peroxidase. 

Classification of Peroxidase Enzymes: 

 Classification of peroxidases is generally based on its source and activity. Among 

peroxidases, lignin peroxidase (LiP), manganese-dependant peroxidase (MnP), have been 

studied themost due to their high potential to degrade toxic substancesin nature (Karigar and 

Rao, 2011). 

1. Lignin Peroxidases 

 During secondary metabolism, the white rot fungus produces lignin peroxidases, which 

are heme proteins. Lignin peroxidase (LiP) is a key enzyme in the biodegradation of the lignin-

forming plant cell wall. In the presence of the cosubstrate H2O2 and an arbitrator such as veratryl 

alcohol, LiP catalyses the degradation of lignin and other phenolic compounds. With the addition 

of an electron from LiP, H2O2 is reduced to H2O as the reaction progresses (which itself gets 

oxidized). Veratryl aldehyde is generated when oxidised LiP gains an electron from veratryl 

alcohol and returns to its reduced state. By acquiring an electron from the substrate, 

veratrylaldehydethen is reduced back to veratryl alcohol, resulting in the oxidation of 

halogenated phenolic compounds, polycyclic aromatic compounds, and other aromatic 

compounds (Figure 2) (Yoshida, 1998; Ten and Teunissen, 2001). Numerous researches have 

reported that the mechanism ofoxidation of PAHs by fungi ligninolytic enzymes is similar tothe 

degradation of nonphenolic lignin (Peng et al., 2008). LiP is able to oxidizearomatic compounds 

with redox potentials higher than 1.4V(NHE) by single-electron abstraction (Piontek et al., 

2001). 

 

Figure 2: Lignin Peroxidase (LiP) - catalyzed oxidation of nonphenolic β-O-4 lignin 

exemplar compound (Wong, 2009) 
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2. Manganese Peroxidases 

 MnP, an extracellular heme enzyme produced by the lignin-degrading basidiomycetes 

fungus, oxidises Mn2+ to the oxidant Mn3+ in a multistep mechanism. Mn2+ boosts MnP 

synthesis and acts as a substrate for MnP during this multistep process. MnP stimulates the 

synthesis of Mn3+ and functions as a catalyst for the oxidation of phenolic compounds. 

According to Ten and Teunissen (2001), the resulting Mn3+ chelate oxalate is small enough to 

scatter into locations outside the enzyme's reach, such as lignin or similar structures buried deep 

within the soil, such as xenobiotic contaminants (Figure 3), which are not always accessible to 

enzymes. Wang et al. (2003) discovered a new manganese–lignin peroxidase (MnLiP) hybrid 

enzyme secreted by Bjerkanderaadusta that can oxidise Mn(II) to Mn(III). 

 

Figure 3: Planned mechanism for the oxidation of 2,6-dimethoxyphenol by the MnP system 

(Warishii et al., 1992) 

Lipases 

 Current works have shown that lipase shares close relation with the organic pollutants 

present in the soil and confirm that lipase activity is responsible for the reduction in total 

petroleum hydrocarbon in oil contaminated soil. Lipase activity is found to be the most useful 

indicator parameter for detecting hydrocarbon degradation in oil contaminated soil (Margesin et 

al., 1999; Riffaldi et al., 2006). Lipases are universal enzymes which catalyse the hydrolysis of 

triacylglycerols to glycerol and free-fatty acids. Lipolytic reactions appear at the lipid-water 

interface, where there occurs equilibrium between monomeric, micellar, and emulsified states 

usually formed by lipolytic substrates. Research studies made on triolein hydrolysis from 

Candida rugosa lipase in the biphasic oil-water system has proved to be effective. According to 

this research, lipase adsorbs on to the oil-water interface in the bulk of the water phase which 

later breaks the ester bonds of triolein to produce consecutively diolein, monoolein, and glycerol. 
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At each consecutive reaction stage of catalysis, oleic acid is formed. The glycerol produced is 

hydrophilic and thus dissolves into the water phase (Figure 4) (Hermansyahet al., 2007).

 

Figure 4: Proposed mechanism for triolein hydrolysis by fungus Candida rugosa lipase 

enzyme in biphasic oil-water system. CE represents the enzyme concentration within the 

bulk of the water phase (Hermansyah et al., 2007) 

 

Conclusion and Future Perspective: 

 The cleanup of petroleum hydrocarbons in the subterranean environment is the most 

pressing issue facing the globe today. After essential removal of huge amounts of oil by various 

physical and chemical means, Mycoremediation process facilitates in the removal of spilled oil 

from the environment. This is conceivable because fungi have enzyme systems that can degrade 

and use various hydrocarbons as a carbon and energy source. As a result of this analysis, it is 

possible to infer that Mycoremerdiation can be considered a vital component in the clean-up plan 

for petroleum hydrocarbon remediation.The use of enzymes and biomass from various fungi to 

remove environmental contaminants from disturbed soil is an emerging new trend in 

environmental biotechnology. It is also known as environmentally friendly or green technology, 

and it has greater promise than other traditional approaches. Mycoremediation has been tested on 

a laboratory scale using a variety of environmental conditions in a number of investigations. 

Furthermore, due to an increase in industry contamination by newly isolated fungus, the 

enzymatic activity necessary for the biodegradation of newly introduced pollutants. 
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Abstract: 

 The microbiome is a broad community of microorganisms that live in the human body. 

Colonization and composition of microbiomes starts during the delivery process and unique 

microbial composition of hosts are mainly the members of four phyla; Firmicutes, Bacteroidetes, 

Actinobacteria and Proteobacteria. The microbial environment differs from one person to 

another depending on diet, gender, age, environment and geographic factors and genetic factors. 

Studies over the past few years have proven the importance of maintaining a balanced 

environment of gut bacteria for their good impact on human health. ―Gut bacteria play an 

important role in digesting food and maintaining the immune system, in addition to obtaining 

energy and producing enzymes, vitamins, and hormones that affect the host body, in addition to 

its formation of many receptors, bile, and small organic acids‖.  Nowadays, the relation between 

intestinal dysbiosis and development of metabolic disorders is being increasingly recognized.  In 

this review, the roles of microbiomes in various diseases are discussed and it is clear that 

probiotics could play an important role in disease therapy. 

Keywords: Gut Microbiome, Diabetes, Cardiovascular Diseases, Wound healing, Cancer, and 

Rheumatoid Arthritis. 

 

Introduction: 

 The gut microbiome refers to the diverse microbial community composed of bacteria, 

fungi, protozoa, archaea and viruses that are found in the host's gastro intestinal (GI) tract as 

normal microflora. Colonization of microbiome starts during the delivery process and their 

composition are shaped by mode of delivery i.e., natural delivery allows contact with vaginal and 

faecal microbiota of the mother and caesarean section (CS) favours the contact with commensal 

bacteria present on other surfaces, such as the skin (Dominguez-Bello et al., 2010). Gut 
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microorganisms are typically host specific, with varying numbers and types depending on the 

host species and environment. Gut microbiota is a highly dynamic system, with many exogenous 

(e.g., diet, drugs, infections, environmental factors) and endogenous (e.g., age, sex, host genetic 

features) factors influencing its density and composition. They are involved in a variety of 

physiological activities, including digestion, vitamin production, and metabolism.The human 

microbiota is quite similar to that of other mammals at the phylum level and unique microbial 

composition of hosts are mainly the members of four phyla; Firmicutes, Bacteroidetes, 

Actinobacteria and Proteobacteria (Dethlefsen et al., 2007; Chung and Kasper, 2010;  Kallus 

and Brandt, 2012). The gut microbiome plays critical roles in host immunity training, food 

digestion, regulating gut endocrine function and neurological signalling, modifying drug action 

and metabolism, eliminating toxins, and producing a variety of compounds that influence the 

host (Lynch and Pedersen, 2016).  

 Human diet has a significant impact on individual and population health. Hippocrates 

coined the phrase "let food be thy medicine" over 2,000 years ago, and health organisations all 

over the globe have been working to establish guidelines for a "healthy diet" that define the 

recommended consumption of micronutrients, macronutrients, and total calories (Zmora et al., 

2019). Gut bacteria can produce a variety of bioactive compounds that can get absorbed into the 

enterohepatic circulation and enter the bloodstream of the host. The faecal, blood, and urine 

metabolomes currently have lots of attention, since they are considered as the determinants for 

metabolic health and different metabolic illnesses.  

 Gut microorganisms can produce a diverse type of metabolites by anaerobic fermentation 

of undigested dietary components that reach the colon, and from endogenous compounds that are 

generated by the microorganisms themselves as well as their hosts (Rooks and Garrett, 2016). 

Major metabolites are short chain fatty acids (SCFA), methylamines, branched chain amino acids 

(BCAAs), polyphenols and indole derivatives, bile acids, and some other compounds like 

benzoic acid etc. (Brial et al., 2018). The microbial conversion of dietary fibre in the gut results 

in synthesis of the three major SCFAs; acetate, propionate, and butyrate, whose concentration 

varies along the length of the gut and are important energy and signalling molecules (Koh et al., 

2016; Cummings et al., 1987). TMAO is a metabolite produced from dietary components and L-

carnitine, lecithin, choline, and betaine etc by microbial enzyme and liver enzyme flavin-

containing monooxygenase 3 (FMO3) whose levels are strongly associated with many disease 

conditions (Bennett et al., 2013). Gut microbes have role in the synthesis of BCAAs such as 

leucine, isoleucine, and valine, which can directly correlate with conditions such as insulin 
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resistance and obesity (Felig et al., 1969; Amorim Franco and Blanchard, 2017). The 

polyphenols formed from the fermentation of dietary polyphenols like hydroxycinnamic acids 

and flavonoids affect bacterial production of SCFAs and can affect its own populational 

architecture (Parkar et al., 2013; Vetrani et al., 2016). Many studies also support the role of 

microbes in bile acid metabolism and homeostasis (Kellogg and Wostmann, 1969). Various gut 

microbes and their metabolites are given in Table 1. This information suggests that gut 

microbiome sits at the interface between the host environments, and the role of bacterial 

metabolites as biomarkers of pathophysiological diseases, with applications in disease 

diagnostics and prognosis in precision medicine (Brial et al., 2018).  

 Table 1: Various Microbiota and their metabolites 

Microorganism Metabolites Reference 

Akkermansia muciniphila, Bacteroides spp., 

Bifidobacterium spp., Prevotella spp., Ruminococcus  

Acetate (Macfarlane and 

Macfarlane, 2003) 

(Cummings et al., 1987) 

Anaerostipes spp., C. catus, E. hallii, Eubacterium 

rectale, Faecalibacteerium prausnitzii, Roseburia spp 

Butyrate (Smith and Macfarlane, 

1997) (Deehan et al., 2020) 

Roseburia inulinivorans, Ruminococcus obeum, 

Salmonella enterica 

Propionate (Macfarlane and 

Macfarlane, 2003) 

(Cummings et al., 1987) 

C. sporogenes, Ruminococcus gnavus Tryptamine (Williams et al., 2014) 

Achromobacter liquefaciens, Bacteroides ovatus, 

Bacteroides Thetaiotamicron, Escherichia coli 

Indole (Agus et al., 2018) (Devlin 

et al., 2016) 

Acidaminococcus spp., Acidaminobacter spp., 

Campylobacter spp., Clostridia spp., Eubacterium 

spp., Fusobacterium., Peptostreptococcus  

SCFAand 

BCAAs 

(Macfarlaneand 

Macfarlane, 2003) (Deehan 

et al., 2020) 

E. coli, Morganella morganii, Lactobacillus vaginali Histamine (Valles-Colomer et al., 

2019) (Barcik et al., 2017) 

 

 Advances in sequencing technologies have enabled structural analysis of the human gut 

microbiota and allowed detection of changes in gut bacterial composition in several common 

diseases (Brial et al., 2018). Recent developments in shotgun sequencing methods and lower 

sequencing costs, together with advances in bioinformatics, have enabled a more complete 

perspective of the full population of gut bacteria and their functional potentials to be captured 
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(Fan and Pedersen, 2021). Mass spectrometry or nuclear magnetic resonance-based 

metabolomics of faeces, plasma, urine, or other biofluids can identify specific metabolites 

associated with disease phenotypes, allowing researchers to conduct joint analyses of the 

microbiome, metabolome, and host phenotypes to uncover potential mechanistic links (Pedersen 

et al., 2018). 

 Alterations in the composition and abundance of the gut microbiota as compared to 

healthy individuals is referred to as intestinal dysbiosis, that occurs during metabolic and 

inflammatory disease states such as cardiovascular diseases, diabetes, cancer, arthritis, obesity 

etc. (Spor et al., 2011; Okin and Medzhitov, 2012). The association of inflammation with these 

diseases still remains an unsolved mystery and new therapeutic methods are evolving. 

Microbiota could be strongly involved both in the regulation of physiological metabolic 

pathways and in the pathological mechanisms by which all the metabolic diseases occur (Pascale 

et al., 2018). Here, we review the literature on the intestinal microbiota and host interaction 

under different disease conditions.  

Gut Microbiome in Cardiovascular Diseases  

 Some early evidence of external pathogens and atherosclerosis were noted in rabbit 

studies showing the development of fatty lesions over the past hundred years. Gut microbiota 

plays a role in converting cholesterol into coprostanol which makes it easier to eliminate and 

reduces its absorption (Kriaa et al., 2019). The effectiveness of this modification depends on the 

number of cholesterol-lowering bacteria (containing the reductase enzyme). This enzyme is 

found in few probiotic bacteria such as L. acidophilus ATCC 314, L. acidophilus FTCC 0291, L. 

bulgaricus FTCC 0411, and B. bifidum PRL2010 (Reis et al., 2017).Gut microbiota and its 

metabolites such as short chain fatty acids (SCFA), lipopolysaccharides (LPS), and 

trimethylamine-N-oxide (TMAO) affect heart health. An association between high levels of 

TMAO plasma and coronary artery disease was reported (Randrianarisoa et al., 2016). Bile-salt 

hydrolase is present in many bacteria, and archaea such as Methanobrevibacter smithii, 

Clostridium, Enterococcus (Jones et al., 2012). The activity of bile-mediated bile-salt hydrolase 

can promote atherosclerotic growth by stimulating cholesterol accumulation, the formation of 

foam cells, and increasing the size of atherosclerotic plaque (Hansson et al., 2006). 

Atherosclerotic plaque possesses microbes such as Streptococcus, Pseudomonas, Klebsiella, 

Veillonella spp., and Chlamydia pneumoniae (Ott et al., 2006). Studies in the gut microbiota of 

patients with symptomatic atherosclerosis compared to healthy controls showed abundance of 

Collinsella genus, Enterobacteriaceae, Streptococcaceae, and Klebsiella spp., and lower 
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abundance of SCFA-producing bacteria Eubacterium, Roseburia, and Ruminococcaceae spp. (Jie 

et al., 2017, Liu et al., 2019). A significant increase of Faecalibacterium, Subdoligranum, 

Roseburia and Eubacterium, and decrease of Escherichia, Shigella and Enterococcus were found 

to be reduced in CAD patients (Zhu et al., 2018). 16S ribosomal RNA sequencing showed a 

decrease in Bacteroidetes and Proteobacteria phyla, whereas the phyla Firmicutes and 

Fusobacteria were increased in CAD patients (Cui et al., 2017). Analysis of the gut metagenome 

showed significantly lower levels of Roseburia and Eubacterium, while Collinsella was higher in 

patients with CVD than in healthy individuals (Karlsson et al., 2012).  

Gut Microbiome in Diabetes 

 Many studies suggest that gut microbiota is contributing to many human diseases 

including diabetes, both type 1 and type 2 (Baothman et al.,2016). The hypothesis of association 

of T1D with microbiota was first speculated in 1987 (Vaarala, 2012). Tilg H. and Moschen A.R., 

2014 reported that butyrate-producing bacteria such as Roseburiaintestinalis and Faecali 

bacterium prausnitzii concentrations were lower in T2D subjects which supports the increasing 

evidence that butyrate and other short-chain fatty acids are able to exert profound 

immunometabolic effects.The occurrence of T1D in Non-obese diabetic (NOD) prototype mice 

depends on the composition of gut microflora and NOD mice lacking MyD88 protein will not 

develop T1D in LPS-mediated gut signals involving TLR4 and MyD88 (Hänninen et al.,2018, 

Wen et al.,2008). Higher concentration of LPS in diabetes patients supports that there is a 

decrease in the percentage of gram-negative and increase in gram-positive Firmicutes in such 

patients (Horton, 2014).Multiple bacteria taxa in the phylum Actinobacteria are associated with 

the risk of T2D and prevalence of obesity, suggesting that the oral microbiome may play an 

important role in diabetes etiology in a cooperative way with gut microbiome (Long et al., 2017). 

The investigation on the role of microbiota in T1DM found that after the appearance of the first 

disease-predictive autoantibodies in children who progress to clinical T1DM have a reduced 

bacterial diversity and a decreased abundance of bacteria that produce butyrate or lactate. It 

suggested that the intestinal microbiota might be involved in the progression from β-cell 

autoimmunity to clinical disease (Knip and Heli, 2016). Overexpression of FMO3 in human 

hepatoma cell lines elicited a significant increased glucose production, insulin resistance and 

higher TMAO plasma levels are associated with an increased risk of T2D (Shih et al., 2015 and 

Shan et al., 2017). New findings from recent studies include faecal transplantation, and use of 

probiotics and prebiotics as new treatment strategies for diabetes (He et al., 2015).  

Gut Microbiome and Wound Healing 
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 Studies reveal that intestinal microflora can impact a positive effect on wound healing 

(infectious surgical wounds and distant wound healing) (Krezalek et al., 2018). The gut 

microbiota can indirectly or directly influence the various factors of wound healing such as blood 

pressure, inflammation, immune responses and tissue oxygenation levels (Tsiouris et al., 2017). 

Okada in 1994 proved that normal intestinal flora activates wound healing, which is caused by 

their beneficial nutritional effects through his study using germ free and conventional mice. The 

gastrointestinal microflora can also inhibit the proliferation of bacteria that produce 

proinflammatory molecules that cause inflammation. They interact with the inflammation 

driving components of the immune system. Gut microbiota can also improve the barrier effect of 

intestinal mucosa. Bifidobacterium and Lactobacillus are the certain strains which suppress the 

inflammation (Hakansson et al., 2011). The probiotic microbes also help in the process of wound 

healing which are present in the intestinal tract. When Lactobacillus reuteri, a probiotic, treated 

water was given to mice with cutaneous wound, the healing increased by two-fold, compared to 

the untreated group by upregulation of oxytocin with the help of vagus nerve (Poutahidis et al., 

2013). Lactobacillus plantarum improved the diabetic foot ulcer healing when given by local 

administration (Choundappan, 2017). The outcome of a clinical trial by Moseny et al. was very 

interesting; it showed beneficial effects on the level of glycemic control, size of ulcer, cholesterol 

level etc, which enhances the wound healing activity in diabetic patients. The gut microbiome 

also has a negative role in wound healing in some conditions. For example, food associated 

candida species such as Debaryomyces hansenii, which is enriched in inflamed tissue in patients 

with Crohn‘s disease, prevent wound healing in mice by turning protective macrophages into 

macrophages expressing the chemokine CCL5 that impair wound healing, which is, in itself, 

affected in IBD (Doron et al., 2021). 

Gut Microbiome in Cancer 

 The microbiome can support the immune system in fighting against cancer and are able 

to alter the effectiveness of anticancer drugs (Viaud et al., 2013; Iida et al., 2013; Cheng et al., 

2020; Butterfeld et al., 2021). Cheng (2020) reports that the lost anti-cancer drug response can 

also be restored by supplementation with different bacterial organisms. Cyclophosphamide used 

in leukaemia and lymphoma treatment is found to influence gut microbes and they promote 

immune cell production (Viaud et al., 2013). Butyrate produced by microbes is reported to have 

antitumorigenic and antiproliferative effects due to its regulation of genes that inhibit cell 

proliferation and induce apoptosis via epigenetic mechanism (Chang, et al., 2014). Bile acids, 

like deoxycholic acid and lithocholic acid, have been potentially introduced as carcinogenic 
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agents having a negative correlation with the level of anti-carcinogenic products in the colon (Ou 

et al., 2012). A recent study also demonstrated an increased serum TMAO level among 

colorectal cancer (CRC) patients, compared to healthy controls, rendering TMAO a potential 

prognostic marker for CRC (Liu, 2017). Reports suggest that inflammatory response produced 

by microbes has a beneficial impact on cancer treatments like Platinum chemotherapy and CpG-

oligonucleotide immunotherapy since mice treated with antibiotics did not respond to these 

treatments compared to mice with intact gut microbes (Iida et al., 2013). 

Gut Microbiome in Rheumatoid Arthritis 

  An imbalance in the microbial environment made researchers link it to many diseases, 

including rheumatoid arthritis (Taneja, 2014). Some studies observed the effect of ―host MHC 

genes on the intestinal microbiome, as well as an increased rate of antibodies against the antigens 

of certain types of gut bacteria‖ (Scher et al., 2011; Jonsson et al., 2003). Other studies have 

confirmed that the presence of bacterial DNA within the synovial fluid causes rheumatoid 

arthritis (Dargham et al., 2019). For example, people with the HLA_B27 genotype who have 

been exposed to infections such as Yersinia and Salmonellar will develop RA (Gerard et al., 

2001; Vaahtovuo et al., 2008). Additional analyses conducted between RA patients and healthy 

individuals showed a difference in terms of the intestinal bacterial composition in addition to the 

presence of products of the intestinal bacterial cell wall in their joints‖ (Gerard et al., 2001; 

Vaahtovuo et al., 2008). Some researches noticed RA patients had a high incidence of 

‗Prevotella copri, which is associated with other diseases such as diabetes mellitus and 

atherosclerosis‖ (Philippa et al., 2019, Yuichi and Kiyoshi, 2019). Many studies depicted a high 

percentage of ―Lactobacillus salivarius and Haemophilus species in the gut and saliva of 

patients, moreover several types of Lactobacillus in the fecal samples of the patients (Zhang et 

al., 2015; Yuichi and Kiyoshi, 2019) and in other experiments, there was a lower number of 

―Bifidobacterium, bacteria of the Bacteroides (Vaahtovuo et al., 2008). Studies showed butyrate 

supplementation enhances arthritis in a B cell-dependent way by increasing the secretion of 

serotonin 5-hydroxyindole-3-acetic acid (Rosser et al., 2020). In one of the studies conducted on 

germ-free mice, they introduced the sugar-producing ‗bacteria B. fragilis to these mice and 

observed It forms a complex with MHC II and thus activates CD4T cells‘ (Mazmanian et al., 

2006). ―Rogier et al conducted a study on IL1 receptor antagonists mice, which have a low 

percentage of bacterial diversity such as Ruminococcus species, and a good percentage of 

Helicobacter species, and he discovered in his study the importance of IL-1 receptor antagonists 

in maintaining the diversity and composition of microorganisms commensal‖( Rogier et al., 

2017; Yuichi and Kiyoshi, 2019). An experiment on CIA- DBA1 mice, observed the abundance 
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of Lactobacillus strains including L. salivarius, L.iners, and L.ruminis, Lachnospiraceas, 

Enterorhabdus”and the less abundant Desulfo vibrio and Alistipes” (Xiaofei et al., 2016).― 

Remedy of rheumatoid arthritis through gut bacteria can be via many complementary and 

alternative treatment methods such as giving ―probiotics and prebiotics, improving the diet, and 

transplanting fecal microbes‖ (Philippa et al., 2019). 

 

Conclusion: 

 The role of the intestinal microbiota in human health is gaining more attention since clear 

changes in the composition of the intestinal bacteria could affect the immune system and disease 

state of a person. Experiments are numerous and are ongoing to know the importance of gut 

microbes and their metabolite‘s ability to cause disease or make a real difference in treatment 

depending on their abundance. From the studies it can be hypothesized that certain types of gut 

microbiomes could modulate the effect of lifestyle diseases in host through many independent 

pathways and probiotics could play an important role in disease therapy. 
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Abstract: 

 Plants are very useful source for our living, from providing oxygen to food to medicine 

etc many products we receive from plants. Not only they fulfil our appetite they also provide 

substance which can be useful for making many medicines. Medicinal plants are considered to 

be rich in substance which can be used in drug development pharmacopoeial, non- 

pharmacopoeial or synthetic drugs. Medicinal plants, also called medicinal herbs, they have been 

discovered and used in traditional medicine practices since prehistoric times. Plants synthesise 

hundreds of chemical compounds for functions including defence against insects, fungi, diseases, 

and herbivorous mammals. Plants provides good source of naturally occurring, biologically 

active substances, many of which have proven therapeutic effects.  

 

Introduction: 

 Herbs that have medicinal quality provide rational means for the treatment of numerous 

internal diseases, which are considered to be difficult to get cured. Medicinal plants such as 

Aloe, Tulsi, Neem, Turmeric and Ginger cure several common ailments. These are considered as 

home remedies in many parts of the country.Some plants produce chemicals that act as 

herbicides to inhibit the growth of competing plants, such as the salicylic acid which is produced 

by willows. Many other plants produce substances that repel browsing by insects and herbivores. 

Many of these plants are used to create well-known drugs for medicinal purposes. 

 Plants especially those with ethnopharmacological uses have been the primary sources of 

medicine for early drug discovery. Scientist in 2001 reported that, 80% of 122 plant derived 

drugs were related to their original ethnopharmacological purposes. 

 Approx 40 percent of the drugs behind the pharmacist's counter in the Western part of 

world are derived from plants that people have used for century. Lotus flower helps in the 

reduction of high temperature, diarrhea, and bronchitis. According to the Institute for Traditional 

Medicine, the lotus seeds are used to strengthen the kidney, spleen, and heart. 
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What medicine comes from plants? 

Aspirin- Used for pain relief and anti-clotting, Salix is found in willow bark. 

Cocaine- Used for anaesthesia and as a recreational drug.  

Digitalis- Used to treat arrhythmia, Digitals is derived from Foxglove (Digitalis purpurea).  

 Morphine, codeine, opium all these durgs are plant product. 

Herbal medicines: 

 Across the world, now it is seen that modern allopathic medicine has been replaced by 

herbal medicine. Some herbal medicines are used in treatment of many disease that has been 

scientifically proven and it is seen that, herbal medicinal products like raw material, finished 

products, and preparation of herbs are more accepted in place of herbal medicine. These products 

are made from different part of plant or a mixture of various active parts of the therapeutical 

plants (Bhatt, 2016). 

Medicinal plants demand: 

 In present time drugs industries, old medicinal plants still have a center position due to its 

combined action of compounds with least side effects. In the last 50 years the drugs used in 

modern medicinal practices are obtained from plants mainly. The remedial characteristics of 

drugs by animals and plants were exhibited with the bioactive chemicals. Addition of herbal 

drugs to national health care programs is promoted and announced by WHO because of its cost 

effectiveness for common men, time verified, approx. No side effects and is considered safe 

from artificial modern drugs (Singh and Singh, 1981). Thus, the drugs obtained by checking of 

biologically active agents from plant extracts with high pharmaceutical value helps in the curing 

human illness. Recently, pharmacological and phytochemical research work has introduced 

many efficient solutions to several diseases, in which the synthetic drug industry was 

unsuccessful (Rastogi, and Meharotra, 1993).  

Indian industries: Pharmaceutical  

 The manufacturing of traditional and allopathic medicines depends almost on 15,000 

licensed producing units. Among them, 300 are in organized sectors , from which 40% of them 

are of multinational companies, The top 5-10 industrial, multinationals, and domestic companies 

accounts market share at a growth rate of 30%, 7.2%, and 14% respectively (Viswanathan and 

Salmon, 2002). In India, the turnover is about US$ 1 billion, and 80 million of herbal medicine is 

exported yearly. The cost of US$ 8 million is exported as plant products like opium extract, 

castor oil, psyllium seeds, and husk along with 20 other plants as a crude drug. The traditional 

pharmaceuticals and allopathic manufacturers in India like Dabur, Himalaya, Hamdard, 
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Maharshi, ZanduLupin, Alembic, and Ranbaxyuses TLC and HPTLC fingerprinting for 

standardizing their herbal formulation (Kataria et al., 2011). Classification of herbal industries is 

as- 

 

 

Figure 1: Classification of herbal industry 

 

Traditional medicine for health: 

 Traditional medicines are known by there old principle along with the combination of 

knowledge, practice, and skill that comes from experience, theory, and belief of physicians who 

are practicing and who can generate remedies from original system of medicine. It is used to 

balance the mental and physical illness from prevention, diagnosis, improvement and treatment 

(Anonymous, 2001). Traditional medicines are prepared by the use of minerals, medicinal, and 

aromatic plant and different other organic matter whereas herbal drugs are developed only from 

the major medicinal plants. Nowadays, non-conventional and conventional medical modal are 

also used together like in cancer therapy it is used in medical treatment in developed nations 

(Eisenberg et al., 1998; Olsen and Helles, 2009). 
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Natural products and health: 

 Natural health products (e.g. Cosmeceutical, nutraceuticals, phytomedicines, vitamins, 

homeopathic, minerals, herbals, and traditional medicines.) are available all over the world 

(Gutierrez et al., 2014). Plants and herbs are complex material and contain many vital 

components while the science behind the modern pharmaceutical agents was based on the 

development of single molecules. It is observed that single compounds, which are extracted from 

an herb usually have little potency, whereas mixture of extracted bio-active compound shows 

greater effect (Pang et al., 2002). Multiple individual chemicals in relatively low quantities also 

have herbal extract or mixture. The combined constituents may act together in a very effective 

way to produce a more effective pharmacological result we get as compared to single chemical . 

The chemical mixture may also have desirable medicinal properties irrespective of individual 

components (Shan et al., 2007). 

Phytomedicines: 

 It is defined as the science of medicine from plants. Plant composition and dose, route of 

administration, therapeutic values are evidence for phyto-pharmaceutical usage as well as 

supporting point of existing health or effective literature and knowledge on human or clinical 

pharmacology trials. Medicinal plant antioxidants activity is found to be related with secondary 

metabolites which provide benefits in pharmaceutical research (Prashar et al., 2020).USA, China, 

and other scientifically evaluating and data generating countries comes out with the new rules of 

pharmaceuticals. For the development of drugs, the new phyto-pharmaceuticals rule allows using 

advance techniques of modern formulation development, fractionation, potentiating steps, 

solvent extraction. It is expected to encourage advancement of novel drugs from herbal plants in 

a scientific way, these new ways that helps in analysing the herbal product to be used by 

paramedics and will promotes research in phytopharmaceutical drug development for 

researchers, industry and academics (Narayana and Katiyar, 2013; Nooreen et al., 2018). 

Supply of medicinal plants in relation to global trade: 

 Medicinal plants are a source of both health and income. Globally, approx. 70-90 % of 

wild or natural variety of plant resources meets the market demand and gives support to large 

number of rural people (Prasad and Bhattacharya, 2003). According to the human need and 

priority of society there were lots of changes seen by international medicinal plant‘s trade in 

more than last 500 years. Different sources including wild and cultivated plants. Many countries 

use plant raw material for processing plant extracts such as cosmetics, solvent for food extracts, 
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essential oils, vegetable oil, and pharmaceuticals (Prakash et al., 2019). It is done for the 

commercialization of active herbal ingredients on a global scale. 

 There are approximately six-seven stages in the supply chain of the products from the 

primary producer, collector,contractor to local, regional, and large wholesale markets, and then 

to specific suppliers. This long chain does not provide sufficient prices to primary producers, 

cultivators or collectors for their products (Kala et al., 2006). On the basis of plant‘s area where 

they‘re grown, how they were harvested and stored and the parts of the plant used make different 

products shows a major difference between the quality of raw material and the amount of its 

active constituents. The collection of wild harvest does not guarantee the quality and uniformity 

of raw material (Booker et al., 2012). The traceability of product is almost impossible as 

industries buy the brand range of raw material, which is in large quantity from suppliers and 

whole sellers despite of small holders (Lange, 2004). Now a time, buy-back arrangements and 

contract farming are the practical alternatives for exporters on the customer traceability demands. 

Wild material harvesting: 

 Wild harvesting is the main source for plant material collection. It can be collected in 

many forms, such as leaves, bark, stem, roots, flowers, and fruits. Also, it can be collected from 

various locations according to seasonal variation or climatic changes. Both domestic and 

international materials which is used for trading bulk material is still wild harvest parts of plant 

and only a few plant species are cultivated before transporting (Lange, 1996). It is common to 

use unauthorized and unscientific collections. While most of the wild collected materials arrive 

from emerging countries, there is also a relatively massive block in developed countries. India 

had already banned the import of raw materials of many threatened plant species, but they are 

authorized to export fully completed plant material products. Different varieties of Himalayan 

plants are widely cultivated but are almost extinct because of over use (Mebrahtu et al., 2016). 

Materials which are cultivated: 

 Cultivated material are more appropriate for broad applications such as drug production 

in pharmacy industries and companies, involving assured, proven reliability, and value of 

standardized products. In most cases, only those plants which they use in good amounts or the 

natural extract of plant they want and plant derivatives, these plants are produced by big 

companies and organizations. The quality and standards of these plants are very critical to obtain. 

It is clear that the cultivation of medicinal plants in both developed and developing countries is 

essential for traditional medicines, natural cosmetics, and important as sources of food (Lange, 

1996; Klaus and Teresa, 2015) 
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Medicinal plants and it’s future prospects: 

 Medicinal plants have a very rich future, as approximately half a million plants across 

world are medicinal. Many of the researchers have not yet been accuse for their medical 

activities and may be important for treating current and future science for their unknown value of 

medical activities (Singh, 2015). The research of medicinal plants helps us to understand plant 

toxicity and prevents natural toxins to harm living beings. The secondary metabolites produced 

by the plants shows therapeutic effects and can be increased due to several factors, including the 

remarkable variety of both the chemical structure and biological activities of naturally occurring 

secondary metabolites, development of the ideal and sensitive techniques to detect the 

biologically active natural products and compounds as biochemical probes, their therapeutic 

needs, advances in solving the need for the supply of the complex natural products and improved 

techniques for extracting, purifying, and structural characterization of biological active 

constituents (Clark, 1996; Jain et al., 2020e; Razzak et al., 2020). 

 

Conclusion: 

 The chemical medicines can cure diseases fast but may leave some side-effects . In case 

of traditional or plant based medicines side-effects are almost negligible. Even the chemicals 

which are used in allopathy are obtained from plants only. 

 Now a time it is seen that world is switching towards the plant based medicines as we 

saw during covid pandemic. 

 This increased use of medicinal plants and herbs shown a major impact on raw material 

collection and therefore they require a sustainable conservation method . Study of 

phytochemistry, ethnobotany, and pharmacology is also essential in order to take impacting step 

towards the conservation as well as in medicine production. Almost all small-scale herbal 

industries require change in raw material manufacturing, packaging, quality assurance, (because 

they have no facility for research and development) 

 Medicinal plants which are used in pharmaceutical industry are being cultivated in large 

parameter in order to fulfil the requirement. The varieties of plants which are in endangered 

category or at a risk of extinction are given special attention. Globally a large amount of 

medicinal plants are exported and imported for fulfilling the demand of pharmaceutical industry. 
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Abstract: 

Worship of the tree traditional culture throughout the World, specifically in TamilNadu it 

is quite common practice. Sthalavirikshas are protecting the trees in myth of God. The Lord 

Arthanareeshwararhill temple located in Tiruchengode, Namakkal District, Tamil Nadu. The 

Madhuca longifolia is a Sthalavriksha of this temple and it is categorized under biodiversity 

conservation. Sthalavaralaru (history of temple) and various aspect of the plant are discussed in 

this present study. Ancient period Sthalavriksha is peculiar species of that area. The Madhuca 

longifolia is medicinally, economically and environmentally useful plant species. Sthalavriksha‘s 

are ethnobotanically important plant species utilized by traditional healers and vaithiyars. During 

Vedic periods many Lehiams, churnas prepared and they were easily curable. 

Keywords: Sthalavriksha, Madhuca longifolia, Conservation, medicinal 

 

Introduction: 

 The plantis considered a godin the temple since the Vedic periods in India.Tamil Nadu 

has myth and religious, cultural practices among their day-to-day activities. The term 

Sthalavriksha defines (Sthal: locality, Vriksha: tree). Sthalavriksha practice and its role in social, 

ecological, economic and environmental impacts of local people (Oliver King et al., 1997; 

Gunasekaran and Balasubramanian, 2012). The Sacred trees are protect under ex - situ 

conservation and myth of God (Vinoth Kumar and Aruna, 2018). Sthalavrikshas have single 

plant maintained by local people for medicine or food. Tree worship is common in Tamil Nadu, 

tree name wasassociated with the place name like Thiruarasili after ―arasu‖ (Ficus religiosa),  

Thirualampolil means ―Aal‖ (Ficus benghalensis) and Thirukadambur, Thirukadambanthurai 

means ―Kadambu‖ (Neolamarckia cadamba) (Oliver King et al., 1997). 
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 During sixth and ninth century A.D in South had witnessed about growth of Hindu 

religion. Great Saints ―Naianmars‖ and ―Alwars‖ were born on this period and initiated Hindu 

Philosophy into ―Saivism‖ and ―Vaisnavism‖. The Tamil Literature and poetic expressions 

explains the ancient period temple visit and nature‘s wealth through Bakthi literature. The saints 

were visited many temples during that period religious mission had composed verses on the 

deities of many temples which are known as ―Padal Petra talangal‖. There are 383 temple sthalas 

in Tamil Nadu of which 275 represent ‗Siva sthalas‘ and 108 the ‗Vishnavasthalas‘ (Oliver King 

et al., 1997). 

History of Lord Arthanareeshwarar Temple: 

 The temple is very ancient, and the wall inscriptions hint that it was probably built around 

2000 years ago. The hill on top of which the temple is found is composed mostly of sandstone 

and has a reddish color. Hence, the place is called Sencode. There is also another probable 

reason for the name - the hill is a ‗Senguthanamalai‘ or a hill, which has a straight formation. It 

has other names too. One is Nagagiri or Snake Mountain. Nagam means ‗snake‘ and giri means 

‗hill‘. It‘s also called Vayumalai or Windy hill, Vayu meaning ‗wind‘. 

Legends: 

 According to mythology, Adiseshan and Vayu had frequent fights as to who was superior 

among the two. Adiseshan is the huge serpent on which Lord Vishnu rests, and Vayu is the Wind 

God. During one of their fights, Adiseshan could not hold on to Mount Meru, as Vayu sent a 

strong wind. As a result, three portions of Meru Malai fell to earth, with Adiseshan‘s bloodstain 

on them. This hill is one among them, and its red color is attributed to Adiseshan‘s bloodstain. 

That is also why it is called Sencode. Interestingly, the hill itself is regarded as the Lingam. The 

statue of a large Nandi, 7 ft long and 4 ft tall, can be seen on the west side, in front of the hill. 

The idol of the main deity is 6 ft tall. Its right half is male and the left half, female, hence it is 

called Ardhanareeswarar – half man, half woman. 

 The idol‘s male part is seen with jadamudi (a knot of tangled hair), Rudraksha mala, 

Silambu (anklet), and thandam (baton). The female part has a thali around its neck and a kazhal 

on the leg. Madhorubagan and Ammayappan are two other names for the Lord here [Fig. 3 (g)]. 

It is believed that in the whole of Asia, only this temple is the main deity represented in this very 

rare form. There is an emerald lingam called ‗Maragatha lingam‘ and a small statue of Sage 

Bhringi in front of the main deity. 

 Mythology says that whenever Sage Bhringi visited Mt. Kailas, he used to turn into a 

small insect and worship Shiva by flying around him, ignoring Shiva‘s consort, Ambal or 

Parvati. An annoyed Ambal cursed the sage, but Lord Shiva tried to calm her down by saying 
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that she was inseparable from him. The legend also explains how Ardhanareeswarar came into 

being. It represents the union between the masculine and feminine energies in the universe. 

 There is one more reason for the androgynous form of the Lord here. It is linked to the 

belief that Ambal worshipped the Maragatha Lingam. Pooja is performed three times daily to the 

Lingam, and they are supposedly performed by Ambal herself. 

 It is said that Saint Thirugnanasambandar visited Thiruchengode once and found many 

people were suffering from ‗Vishakaichal‘ or viral fever. This was due to the ‗vishakkatru‘ or 

polluted air. To bring relief to the sick, he sang the ‗ThiruneelakandaPathigam‘. 

 In Tamil Literature Silapathikaram as ‗Nedulkundru‘ and is celebrated in the hymns of 

Saivite Saints. The equally famous Chenkottuvelavar Temple, dedicated to Lord Murugan, is 

situated on the same hill (Lekha and Menakashree, 2018). 

Special features: 

 Under the Lord‘s feet is a small ‗NeerOotru‘ or fresh water spring. It is a perennial 

spring. Called Devatheertham, it is given to the devotees as prasadam. Lord Murugan 

worshipped here is called ‗Senkottu Velar‘ and his idol is self-manifested. It is made of 

Vellaipashanam, or white poison. 

 Legend says that Murugan and his brother, Ganesha, entered into a contest once. The 

prize was the Gnanapazham or divine fruit. Having lost the contest, Murugan became angry and 

left Mt. Kailas and his parents. He arrived in south India and reached Thiruvavinankudi. From 

there, he went to Nagachala Hills (Thiruchengode) and began to reside there and bless devotees. 

 There is a 60 ft long relief of the serpent Adiseshan inscribed in the hill. This can be seen 

en route to the temple and is very famous. Those who wish to get relief from the ill effects of 

Sarpa Dosham, Rahu Dosham, Kalathra Dosham, and Kala Sarpa Dosham, worship this relief 

[Fig. 3 (h and i)]. In front of the SenkottuVelavar shrine is a hallway, and here, one can see 

sculptures of intricate design and beautiful workmanship. The hallway also has beautifully 

chiseled pillars and sport many rock reliefs [Fig. 3 (c)]. In short, this temple showcases the 

expertise of ancient Tamilnadu‘s craftsmen and artisans. This is evident from references in 

Sangam and post-Sangam literature. 

 The temple is also the subject of a popular composition by Muttuswami 

Dīkshitar, Arthanāreeshwaram, set in the ragam Kumudakriya. Important renovations were made 

during the reigns of the Chola, Pandya and Nayak kings, and by a British colonial officer, Davis, 

whose image can be found in the MukkoottuVinayagar temple. Inscriptions of Pandyas, 

Vijayanagara and Mysore Kings also show that over millennia many dynasties have built/rebuilt 

and renovated this place. 

https://en.wikipedia.org/wiki/Muthuswami_Dikshitar
https://en.wikipedia.org/wiki/Muthuswami_Dikshitar
https://en.wikipedia.org/wiki/Muthuswami_Dikshitar
https://en.wikipedia.org/w/index.php?title=Kumudakriya&action=edit&redlink=1
https://en.wikipedia.org/wiki/Chola_dynasty
https://en.wikipedia.org/wiki/Pandyan_dynasty
https://en.wikipedia.org/wiki/Nayak_dynasty


Advances in Microbiology Volume I 

    (ISBN: 978-93-91768-60-7) 

 

147 
 

 The prime deity is Ardhanareeswara - reflecting the fusion of male & female nature in all 

creation (on the left it appears as Goddess Parvati, while the right half is Lord Siva). The other 2 

main deities are Muruga (as Chengottu-velan) and Maha Vishnu (as AdiKesavaPerumal). 

Arupatham padi: 

 Along the path are 60 steps called the ArubadamPadi (அறுபதாம்படி), which are 

considered to have special significance, and are mentioned by Arunagirinathar. 

Ucchi pillaiar: 

 The Ucchi Pillaiyar shrine is found about 425 feet further up and is dedicated 

to Ganesha and to the lingam form of Shiva. On the west of it lies a stone called Varadikal, 

Maladikal, or VandhyaPaatanaSikara. Couples offer worship at this shrine in the hope of being 

blessed with a child [Fig. 3 (d)]. 

Important festivals: 

 In Purattasi month (September-October), women perform a special pooja called 

KedaraGowriVratham for 21 days. Devi 21,000 years made pooja to unite to Lord 

Arthanareeshwara. This is done for ensuring the longevity of husbands and conjugal bliss. 

VaikasiVishaka festival is celebrated grandly here. A distinguishing feature of this festival is that 

there are 4 car chariots. The first is for Lord Vinayakar, the second for SengottuVelavar, the third 

for Ardhanareeswarar, and the fourth for Lord Adikesava Perumal [Fig. 3 (f)]. 

 This temple has been immortalized in the poems of great saints and poets like 

IlangoAdigal, Arunagirinathar, KavirajaPandithar, etc. Thirupugazh on SenkottuVelavar was 

composed by Arunagirinathar, at this temple. Erode railway station is the nearest [Fig. 3 (e)]. 

Philosophy of Arthanareeswara: 

 When it comes to worshipping of Ardhanareeshwara, some worship the Shiva aspect and 

some worship the Shakti aspect. Shiva is viewed as the holder of power, though he is inert. Shiva 

is Shava (dead body) without Shakti. All that power in creation, maintenance, and dissolution 

rests with Shakti. However, the great mother does not exist without Shiva. When they become 

one, Ardhanareeshwara becomes a being of generative and constructive force (Raveesh, 2013). 

Biology of Arthanareeshwara: 

 A human being is not a pure unisexual organism. Each human organism bears the 

potentiality of both male and female sex. It is the predominance of one over the other sex which 

determines the sexuality. A female gamete always bears one X chromosome and a male gamete 

may either possess one X chromosome or on Y chromosome. So masculinity and femininity are 

not mutually exclusive. Two halves of the body, therefore, remains in one organism (Raveesh, 

2013). 

 

https://en.wikipedia.org/wiki/Arunagirinathar
https://en.wikipedia.org/wiki/Ganesha
https://en.wikipedia.org/wiki/Lingam
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Materials and Methods: 

Study area: 

The Sacred hill temple of Lord Arthanareeshwarar is located in Tiruchengode, Namakkal 

District, Tamil Nadu. This temple was expanded between the latitude 11° 15‘ N and longitude 

77° 56‘ E. The climatic condition differs from 21 °C to 27 °C in winter and 23 °C to 39 °C in 

summer. The Lord Arthanareeshwarar temple is an ancient Hindu temple, 4
th

 place of among 7 

TevaraStalams in the Kongu Region of Tamil Nadu. The sacred hill is about 650 ft. high and a 

climb of 1156 steps leads worshippers to the temple at its peak. The hill contains about 350 acres 

of land, which lies 2000 ft. about sea level (Anbarasu et al., 2022). 

Methodology: 

 The Sthalavriksha of Lord Arthanareeshwarar is located in Tiruchengode, Namakkal 

District, Tamil Nadu identifying and their literature collected through earlier documents. 

 

Result and Discussion: 

 The Madhuca longifolia [Fig. 3 (a)] is Sthalavriksha of Lord Arthanareeshwarar is 

located in Tiruchengode, Namakkal District, Tamil Nadu. Sthalavriksha under Lord Kasi 

Viswanathar and Vishalakshiamman located to bless [Fig. 3 (b)]. Literature collection of the 

Madhuca longifolia as follows: 

Systematic position: 

Kingdom:  Plantae,     Order:       Ericales 

Family:       Sapotaceae   Sub – family:   Caesalpiniodeae 

Tribes:  Caesalpiniae    Genus:  Madhuca 

Species:  longifolia (J.Koing)J.F. Macbr.(Devi &Sangeetha, 2016). 

Habitat: Central, Southern, North Indian plains and forests, Nepal, Myanmar and Sri Lanka. 

Common Name: 

Hindi: Mohva; Kannada: Erappe; Telugu: Ippa; Tamil: Illuppai; Sanskrit: Madhukah; 

Malayalam: Illuppa, Iruppapu; Marathi: Moha, Mhowra; Bengali: Mahula, Kochra; Oriya: 

Mohuka, Mohulo. 

Habit: Tree 

Leaves: Leaves areclustered at theends of the branches; young branches, leaves and petiole 

purbescent or tomentose.Leavesarecoriaceous,ellipticoroblong-elliptic,shortlyacuminate, base 

cuneate. Petiole is short and easily fractured (Dambhare et al., 2020). 

Stem: The stems of Madhucalongifoliaconsists thin layeredcell cork, cortex, epidermis, xylem, 

phloem, pith (Dambhare et al., 2020). 

Trichomes: Leaves consists uniseriate type of trichomes andcovering trichomes (Dambhare et 

al., 2020). 

Stomata: Both lower and upper surface consist paracytic stomata (Dambhare et al., 2020) 
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Flowers: 

 Mahua flowers are found in definite fascicles near the ends of branches, drooping on the 

pedicels. They are small (2cm long), fleshy, dull or pale white in colour. Corolla is tubular, 

freshly, pale yellow, aromatic and caduceus. Calyx is densely clothed with rusty tomentum. 

Stamens number between 20-30, usually 24-26 anthers are hispid at the back with stiff hair 

follicles (Bibha Mishra, 2019). 

 Wine prepared from Madhuka flowers (Madhuca longifolia) finds mention in several 

Hindu and Buddhist literature works. 

 Kali who is seated on a red lotus in full bloom, her beautiful face radiant, watching 

Mahākāla, who, drunk with the delicious wine of the Madhuka flower, is dancing before he. 

Table 1: Mmorphology of leaves (Dambhare et al., 2020) 

Morphology of leaves Observation 

Colour Green 

Odour Characteristics 

Taste Bitter 

Size 11-15 cm long, 5-8 cm wide 

Shape Lanceolateto ovate 

Texture Short 

Apex Acute 

Arrangement Opposite 

Appearance Smooth 

Traditional uses: 

1. The flowers are utilized as tonic, analgesic, cooling agent, astringent, demulcent and for 

the treatment of helminths and pharyngitis as well as bronchitis. 

2. The bark is cure traditionally such as snake- bite, rheumatism, bleeding and spongy 

gums, and diabetes mellitus, fractures, itching and swell. 

3. The fruits are astringent, a lotion in chronic ulcer, in acute and chronic tonsillitis and 

pharyngitis. 

4. The leaves are expectorant and also used for chronic bronchitis, Cushing‟s disease, 

verminosis, gastropathy, dipsia, bronchitis, consumption, dermatopathy, rheumatism, 

cephalgia and haemorrhoids. 

5. The seeds fat has emuluscent property, used in skin disease, rheumatism, headache, 

laxative, piles and sometimes as galactogogue (Mishra Sunita and PadhanSarojini, 2013). 

Phytochemistry: 

 Each part of the plant contain specialized phytochemicals, which have numerous 

medicinal value as follows 
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Table 2: Active constituent present in Different parts of Madhuca indica (Patel et al., 2012) 

Part Phytoconstituents 

Bark Flavonoids, Triterpene, Sterol 

Latex Soluble Resin, Insoluble Resin 

 

Leaf 

Moisture, Organic Matter, Minerals, Potas (K2O) Phosphoric Acid 

(P205) Silica, Alkaloids, Flavonoids, Protobasic Acid 

Flower Carotene, Ascobic Acid, Thiamine, Riboflavine, Niacine, Folic 

Acid, Biotine, Inositole 

 

RipeFruit 

Moisture, Protein, Fat, Carbohydrates, Minerals, Calcium, 

Phosphoras, Iron, Carotine, Ascorbic Acid, Tannins 

   Table 3: Parts vise use of madhuca indica (Patel et al., 2012) 

Part of Plant Medicinal Properties 

Leaf Enzyma, Wound Healing, Anti Burns, Bone Fracture 

 

Oil 

Emollient, SkinDisease, Rheumatism, Headache, laxative,  Piles,  

Hemorrhoids,  Emetics,  Anti Earthworm 

 

Fruit 

Sweet, Refrigerant, Aphrodisic, Tonic, Dipsica, Bronchitis, Astringent, 

AntiUlcer, Acute and Chronic Tonsillitis, Pharyngitis 

 

Bark 

Rheumatism, Ulcer, Inflammation, Bleeding, Spongy Gums,  Tonsillitis,  

Diabetic,  Stomach Ache,  Anti Snake Poisoning, Astringent, Emollient,  

Fracture, Itching 

 

Flower 

Refrigerant, Liquor, Jelly, SweetSyrup, Expectorant, Increase the 

production of milk in woman, Stimulant, Diuretics, Anthelmentic, 

Strangury, Verminosis, Hepatoprotective, Gastropathy 

Table 4: Essential amino acid content of mahua flower (Mishra, 2019) 

Aminoacids g/100g Aminoacids g/100g 

Isoleucine 7.91 Cystine 3.35 

Leucine 12.98 Threonine 5.86 

Lysine 4.67 Methinine 1.8 

Phenylalanine 6.4 Valine 7.25 

Tyrosine 3.94   

 

 

 

 

 

Figure 1: Morphology of madhuca longifolia (mahua) flower (Mishra, 2019) 
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Antimicrobial activities: 

 The Madhuca longifolia leaves shown presence of bacterial growth. The images were 

found through the result of SEM (Subanithi Purima and Swarnalatha, 2018). This extract was 

tested and proven results were exhibit against Eschericia coli and Staphylococcus aureus. The 

flower extract of Madhuca longifolia was against Bacillus subtilis and Klebsiella pneumonia. 

Aqueous extract shown better result compared than methanolic extract (Jyoti Sinha et al., 2017). 

Pharmacological activities: 

  The Madhuca longifolia is rich in phytochemicals. Each phytochemicals involves in 

curing different pharmacological applications. They are: 

 Antioxidant activity 

 Analgesic activity 

 Anti-cancer activity 

 Analgesic 

 Anticonvulsant activity 

 Immunomodulatory activity 

 Anthelminthic activity 

 Antimicrobial activity 

 Antihyperglycemic activity 

 Cytotoxic Activity 

 Antiulcer activity 

 Anti-inflammatory activity 

 Anxiolytic activity 

 Ant pyrexia activity 

 Wound healing activity 

 Neuropharmacological activity  

       (Devi and Sangeetha, 2016) 

 Antifertility activity 

 Hepatoprotective activity 

 Antiepileptic activity 

 Antipyretic activity (Dambhare, 2020) 

 Stimulation of liver regeneration (Mishra, 2019) 

 Dermatological use (Patel et al., 2012) 

Economic importance: 

 The Mahua tree is rich in nutrition. They were used as follows, 

 Mahua butter is edible, used to prepare biodiesel. 

 It is alternative for Cocobutter and ghee. 

 Mahua fruit oil used in cooking and making Chocolates. 

 Seeds used as medicine and oil moisturize skin. 

 To make laundary soaps and lubricants. 

 Sugar syrup extracting from Mahua flower is used to make chocolates or sweetening 

agent. 

  Seed cake is used as insecticide and pesticide for crops such as Rice, Sugarcane, etc., 

 (Patel et al., 2012). 

 Fodder: Leaves, flowers and fruits are lopped for goats and sheep. Seed cake is also fed 

to cattle. 
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 Timber used for house construction, naves and felloes of cartwheels, door and window 

frames. 

 Nitrogen fixing: Vesicular-arbuscularmycorrhizal associations and root colonization have 

been observed in mahua. 

 Ornamental: Mahua is occasionally planted as an avenue tree (Mishra and Padhan, 2013). 

 

Figure 2: Uses of Mahua flowers in different types of food products (Jyoti Sinha et al., 2017) 

   

Figure 3a: Madhuca longifolia 

 

Figure 3b: Sthalavriksha under 

God and Goddess 

Figure 3c:  

Temple Entrance 

 
  

Figure 3d: Uchipillayar 
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Figure 3g: 

Arthanareeswarar 

Figure 3h:  

Nagarpallam 

Figure 3i:  

Aadhiseshan 

Some of the work similar to present study as follow as: 

 Sthalavriksha is mostly present in single tree, which is used as symbolic representation of 

that temple; this myth is followed by Hinduism and Buddhism. The different tree species are 

worshipped in the various temples, they are Neem (Azardirachta indica), Peepal (Ficus 

religiosa), Bael (Aegle marmelos), Sandalwood (Santlum album), etc., (Vinoth Kumar and 

Aruna, 2018). The sthalavriksha‘s for health issues, Child birth and getting married, achieved 

desired boon. In sthalavriksha prayers people offers to God such as flower, lightening camphors 

and spread turmeric and kumkum over the trunk. Materials falling from the trees are collected by 

the women based on the beliefs, kept at doorsteps ofhouse due to evil spirits. Earlier married 

women‘s were who needed child advice to go round the Peepal tree in temples. Scientist were 

proven Peepal tree is only produce more Oxygen both day and night. Most of the places Peepal 

tree is planted along with Neemtrees, they were produce oxygen and induce body organs through 

magnetic field of the trees. This will shows the result of getting pure air from sacred trees of 

temple garden (Prabakaran and Sabari Lakshmi, 2017). 

 

Conclusion: 

 The Sthalavriksha plant worshipped as God in most of the temple. As like here in this 

temple also Madhuca longifolia people doing special pooja for marriage and child birth. Trees 

are protecting indirectly in the myth of God. The Sthalavriksha is conservation of trees for future 

generation and it is one of the biodiversity conservation strategies. From the Sthalavriksha 

people not only gain purified air, water or food, our World indirectly protect from Natural 

calamities. 
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Introduction:   

 Bacteria are small single-celled organisms with a unique internal structure. Humans and 

other multicellular organisms are eukaryote, which means our cells have distinct nuclei bound 

with a membrane. Bacteria are prokaryotes, meaning they don't have organized nuclei or any 

other membrane-bound organelles.According to B. J. Graham bacteria are microorganisms that 

come in various shapes; they can be spheres, rods, spirals, cylindrical, corkscrew, coma shaped, 

etc. As a group, they display exceedingly diverse metabolic capabilities and can use almost 

any organic compound, and some inorganic compounds, as a food source.    

 Bacteria are found almost everywhere on Earth and are vital to the planet's 

ecosystems.Bacteria are so widespread that it is possible only to make the most general 

statements about their life history and ecology. They may be found on the tops of mountains, the 

bottom of the deepest oceans, in the guts of animals, and even in the frozen rocks and ice of 

Antarctica. Most bacteria may be placed into one of three groups based on their response to 

gaseous oxygen. Aerobic bacteria thrive in the presence of oxygen and require it for their 

continued growth and existence. Other bacteria are anaerobic, and cannot tolerate gaseous 

oxygen, such as those bacteria which live in deep underwater sediments or those which cause 

bacterial food poisoning. The third group is the facultative anaerobes, which prefer growing in 

the presence of oxygen, but can continue to grow without it. Bacteria may also be classified both 

by the mode by which they obtain their energy. Classified by the source of their energy, bacteria 

fall into two categories: heterotrophs and autotrophs. Heterotrophs derive energy from breaking 

down complex organic compounds that they must take in from the environment -- this includes 

saprobic bacteria found in decaying material, as well as those that rely 

on fermentation or respiration. 

Structure: 

 Bacteria lack a membrane-bound nucleus and other internal structures and are therefore 

ranked among the unicellular life-forms called prokaryotes. Bacterial cells are generally 

mailto:pankajkahate@gmail.com
https://www.merriam-webster.com/dictionary/diverse
https://www.britannica.com/science/organic-compound
https://www.britannica.com/science/inorganic-compound
https://www.britannica.com/science/nucleus-biology
https://www.britannica.com/science/prokaryote


Bhumi Publishing, India 

156 
 

surrounded by an outer cell wall and an inner cell membrane. Whip-like extensions often cover 

the surfaces of bacteria — long ones, called flagella, or short ones, called pili — and help 

bacteria move around and attach to a host. Delving beneath the cell wall and membrane, bacteria 

contain cytoplasm, a solution of mostly water and salts. Within the cytoplasm float the nucleoid, 

plasmids and tiny protein factories called ribosomes, which are the sites where the cell's genetic 

instructions are translated into the cell's products. 

Economic uses: 

 From ancient times, dairy products have been part of human diet. These serve as good 

source of calcium, vitamin D, proteins and other essential nutrients. These products also provide 

phosphorus, potassium, magnesium, and various vitamins viz. vitamin A (retinols), vitamin B12 

(cyanocobalamin), and riboflavin. various fermented dairy products are prepared using different 

microbial strains. Microbes ferment the carbohydrates present in milk, which is mainly lactose to 

lactic acid and some other products. The acid precipitates the proteins in the milk; therefore 

fermented products are usually of thicker consistency than milk. The high acidity and low pH 

hinders the growth of other bacteria including pathogens.    Beside profitable 

relationship they maintain with us bacteria have many other practical and exploitable properties, 

most notably, perhaps, in the production of creams, yogurt, cheese and vinegar. Less widely 

known are their industrial applications as antibiotic factories, insecticides, sewage processors, oil 

spill degraders, etc. Bacteria put the tang in yogurt and the sour in sourdough bread; bacteria help 

to break down dead organic matter; bacteria make up the base of the food web in many 

environments. Bacteria play an essential role in recycling nutrients, for example fixing nitrogen 

from the atmosphere into the soil. The human body contains vast numbers of bacteria, most of 

which are harmless or rendered so by the immune system and some are vital in processes such as 

digestion. 

Food Products: 

 Foods typically contain a variety of bacteria of which some may be beneficial, such as 

those preserving foods through products of fermentation viz., Lactic acid bacteria are largely 

included in the genera Carnobacterium, Entercoccus, Lactobacillus, Lactococcus, Leuconostoc, 

Oenococcus. Yoghurt is a dairy product which is produced by the bacterial fermentation of milk. 

Most commonly, cow‘s milk is used, though it can be made from any kind of milk. It can be 

prepared from a variety of milk including whole, skimmed, dried, evaporated or semi-skimmed 

milk. The acids cause the curdling of the milk protein, casein into a solid mass called curd. The 

gel like texture and taste of yoghurt is due to the fermentation of lactose to lactic acid. Cheese is 

prepared by inoculating milk with a starter culture containing specific microorganisms. Cheese is 
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a solid food made from the milk of various animals, most commonly cows. The cheese can be 

matured or ripened by the addition of bacteria or fungi or both. The bacteria added reduce the 

pH, alters texture and develops a flavour. Chocolate is prepared with the help of microbes. 

Chocolate comes from the seeds of cacao trees. These seeds are found in a white fleshy pod. To 

remove the seeds out of the pod, the pod is allowed to ferment with naturally occurring microbes 

that include yeasts and bacteria such as Lactobacilli and Acetobacter.  

Wine industries:  

 Currently, the main role of Lactic Acid Bacteria (LAB) in wine is to conduct the 

malolactic fermentation (MLF). This process can increase wine aroma and mouthfeel, improve 

microbial stability and reduce the acidity of wine. Under favourable conditions, malolactic 

fermentation (MLF) occurs spontaneously after alcoholic fermentation by the growth of 

indigenous lactic acid bacteria (LAB) population in wine. However, selected strains of LAB can 

be inoculated into wine to induce MLF.  According to the types of wines produced, this 

biological deacidification may be considered beneficial or detrimental to wine quality. LAB can 

also liberate hydroxycinnamic acids from their tartaric esters and have the potential to break 

down anthocyanin glucosides, thus impacting wine color. LAB can also produce enzymes with 

the potential to help in the winemaking process and contribute to stabilizing the final product. 

 Lactic Acid Bacteria are Gram-positive bacteria, grouped in the phylum Firmicutes, 

class Bacilli, order Lactobacillales. Oenococcus, Leuconostoc, and Pediococcus, within the 

formerly known Leuconostocaceae family, and the formerly known genus Lactobacillus, within 

the formerly known Lactobacillaceae family, are the only genera associated to wine.  

Antibiotics: 

 By manipulating bacteria to grow a protein of interest, for example, insulin, and then 

grow them in large vats to produce a large quantity of the desired protein.Antibiotics are low 

molecular-weight (non-protein) molecules produced as secondary metabolites, mainly by 

microorganisms that live in the soil. Therefore, many species such as Streptomyces, Bacillus and 

Penicillium have been studied continuously for their ability to produce antibiotics. In addition, 

due to the fact that Bacillus species have produced antibiotics in the soluble protein structure and 

that these antibiotics have been found to be cheaper and more effective in studies conducted to 

date, these microorganisms are preferable for commercial production.  Streptomycin was isolated 

in 1944 by Waksman, a Microbiologist, from a species of soil bacteria, called Streptomyces 

griseus, particularly tubercle bacilli, and has proved to be very valuable against 

tuberculosis. Most of the peptide antibiotics produced by Bacillus are active against Gram 
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positive bacteria. However, compounds such as polymyxin, colistin, and circulin exhibit activity 

almost exclusively upon Gram-negative forms, whereas bacillomycin, mycobacillin, and 

fungistatin are effective agents against molds and yeasts  

Insecticides:          

 Synthetic chemical insecticides provide many benefits to food production and human 

health. In many instances, alternative methods of insect management offer adequate levels of 

pest control and pose fewer hazards. One such alternative is the use of microbial insecticides- -

insecticides that contain microorganisms or their by-products. Microbial insecticides are 

especially valuable because their toxicity to nontarget animals and humans is extremely low. A 

microbial toxin can be defined as a biological toxin material derived from a microorganism, such 

as a bacterium or fungus. Pathogenic effect of those microorganisms on the target pests are so 

species specific. The effect by microbial entomopathogens occurs by invasion through the 

integument or gut of the insect, followed by multiplication of the pathogen resulting in the death 

of the host, e.g., insects.        

 Bacterial pathogens used for insect control are spore-forming, rod-shaped bacteria in 

the genus Bacillus. Bacterial insecticides must be eaten to be effective; they are not contact 

poisons. Insecticidal products comprised of a single Bacillus species may be active against an 

entire order of insects, or they may be effective against only one or a few species. For example, 

products containing Bacillus thuringiensis var. kurstaki kill the caterpillar stage of a wide array 

of butterflies and moths.  One bacterial species like Bacillus thiringiensis may be more effective 

on Adesaegypti while one another B. sphaericus strain can be effective on a different types of 

mosquito like Culexquinquefascicatus.  

Sewage processors:           

 Biological wastewater treatment is the most common method of sanitation in the world. 

This technology uses different types of bacteria and other micro-organisms for the treatment and 

cleaning of polluted water.Wastewater treatment is essential to human health as it is to 

environmental protection. Indeed, the use of these bacteria accelerates the treatment of pollution 

on a small surface: the purification plant.Everywhere, from the water arriving at the treatment 

plant to its outlet. The operating parameters set in the treatment ponds influence the development 

of various microbial structures and the species that compose them.Usually, these organisms 

swarm and agglutinate into a flake-like mass in free cultures, called the floc. These flocs, visible 

to the naked eye, contain living and dead cells of bacteria, fungi, protozoa and metabolic 

products. They agglomerate around the suspended organic matter on which they feed. The most 

numerous types of bacteria are Tetrasphaera, Trichococcus, CandidatusMicrothrix, Rhodoferax, 
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Rhodobacter, Hyphomicrobium.Anerobic bacteria are an important element in the wastewater 

treatment processes. They are responsible for methane fermentation of sewage sludge, 

facilitating decomposition of sewage sludge macromolecular organic matter into simpler 

compounds. Among the bacterial genera involved in the anaerobic methane fermentation process 

are Methanosarcina, Methanosaeta and Clostidium 

 Almost all commercially available bacteria blends only contain a mix of Bacillus. 

Bacillus is an excellent treatment of bacteria in wastewater but is best suited for treating fats, 

oils, greases and proteins. That is why they are primarily used in wastewater treatment plants. 

The primary constituents of brewery, winery and food processor waste are sugars and 

carbohydrates in very high concentrations. This makes their waste dramatically different than 

sewage treatment plants. The best bacteria for breaking down sugars and carbs are Pseudomonas. 

Pseudomonas will act very quickly on them and will reduce BOD levels far more rapidly. 

Oil spill degraders:  

 One of the major environmental problems today is hydrocarbon contamination 

resulting from the activities related to the petrochemical industry. Accidental releases of 

petroleum products are of particular concern in the environment. Hydrocarbon components have 

been known to belong to the family of carcinogens and neurotoxic organic pollutants.The 

process of bioremediation, defined as the use of microorganisms to detoxify or remove pollutants 

owing to their diverse metabolic capabilities is an evolving method for the removal and 

degradation of many environmental pollutants including the products of petroleum 

industry. There are the two main approaches to oil spill bioremediation: (a) bioaugmentation, in 

which known oil-degrading bacteria are added to supplement the existing microbial population, 

and (b) biostimulation, in which the growth of indigenous oil degraders is stimulated by the 

addition of nutrients or other growth-limiting cosubstrates.   

 Microbial degradation process aids the elimination of spilled oil from the environment 

after critical removal of large amounts of the oil by various physical and chemical methods. This 

is possible because microorganisms have enzyme systems to degrade and utilize different 

hydrocarbons as a source of carbon and energy.Pseudomonads are the best known bacteria 

capable of utilizing hydrocarbons as carbon and energy sources and producing biosurfactants. 

Among Pseudomonads, P. aeruginosa is widely studied for the production of glycolipid type 

biosurfactants. 
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Future of bacteria:  

 Bacteria are of such immense importance because of their extreme flexibility, capacity 

for rapid growth and reproduction, and great age - the oldest fossils known, nearly 3.5 billion 

years old, are fossils of bacteria-like organisms.―Humans don't have all the enzymes we need to 

digest our own diet,‖ said Lita Proctor, Ph.D., NHGRI's HMP program manager. ―Microbes in 

the gut break down many of the proteins, lipids and carbohydrates in our diet into nutrients that 

we can then absorb. Moreover, the microbes produce beneficial compounds, like vitamins and 

anti-inflammatories that our genome cannot produce.‖ Anti-inflammatories are compounds that 

regulate some of the immune system's response to disease, such as swelling. 

 

Conclusion: 

 Microbes inhabit just about every part of the human body, living on the skin, in the gut, 

and up the nose. Sometimes they cause sickness, but most of the time, microorganisms live in 

harmony with their human hosts, providing vital functions essential for human survival. The 

plant growth-enhancing bacteria occur naturally in soils, but not always in high enough numbers 

to have a dramatic effect. In the future, farmers may be able to inoculate seeds with anti-fungal 

bacteria, such as Pseudomonas fluorescens, to ensure that the bacteria reduce pathogens around 

the seed and root of the crop.Bacteria have been screened and utilized to degrade waste products 

produced by the food, agricultural, chemical and pharmaceutical industries. In recent years, the 

use of bacteria to deal with environmental pollutants has become a promising technology 

because of its low cost and eco-friendly nature. The continuous development and improvement 

of microbial remediation technology has also provided a new method for the remediation of 

petroleum hydrocarbon pollution, which has attracted much attention.   
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Abstract: 

 Bdellovibrio is a genus of Gram negative bacteria with the ability to parasitize and kill 

other Gram negative bacteria. It first describe by Stalp and Stark (1963). Bdellovibrio appears as 

a comma- shaped motile rod, o.3-0.5 by 0.5- 1.4μm in size with a scarcely visible flagellum. 

They exhibit lytic activity on Gram negative bacteria ofPseudomonadaceae and 

Enterobacteriaceae. They attack on Agrobacterium, Erwinia, Pseudomonas and Rhizobium. 

There are no bdellovibrios reported on gram positive bacteria. Bdellovibrio are obligate 

aerobes.Bdellovibrio parasitized other Gram negative bacteria by entering into their periplasmic 

space and breading of biosynthesis of biopolymers (Protein, NA etc.) of their host. After entering 

the periplasmic space of its host. The bdellovibrio bacterium forms a structure known as 

―Bdelloplast‖. This bdelloplast is created as the host cell is modified to become spherical in 

shape. Inside the bdelloplast, the singular large flagella of the predatory Bdellovibriois lost. 

Which modified both predetors and pray‘s cells. The predetors cell on remain dormant at this 

stage without affecting the variability of the host. In most cases bdellovibrio devours its pray‘s 

and moves on because of this bdellovibrio can be considered as bacterial predetors in addition to 

parasite. It found in river water and soil. Three species: Bdellovibrio stolpii, B. starri and B. 

bacteriovorus. 

 

Introduction: 

Bdellovibrio and Like Organisms (BALOs): 

 Predation is a natural and essential interaction present at all trophic levels and in all 

ecosystems, contributing to maintenance of ecological balance (Johnkeet al., 2019). While 

predation as a term often is associated with larger animals hunting and feeding upon prey, the 
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same definition is true even for microorganisms. Predatory bacteria can be found within a broad 

taxonomy, including both facultative and obligate predators, defined by their feeding behavior. 

Whilst obligate predators survive by consuming prey cells, facultative predators readily switch to 

a saprophytic lifestyle, consuming a wide array of substrates in the absence of appropriate prey 

(Jurkevitch, 2007; Korp et al., 2016). Until recently, the progress within this field of research has 

long remained rather insignificant. However, predatory bacteria are now gaining increased 

attention, much owed to the alarming reports on the rise in antimicrobial resistance (AMR) and a 

general rise in environmental awareness. Several reports have proposed and demonstrated the 

potential use of predatory bacteria as live antibiotics, water clean-up and biocontrol agents, as 

well as being sources for the discovery of novel biotechnological tools for research (Yair et al., 

2009, Pérez et al., 2016). Bdellovibriobacteriovorus is among the best-studied BALOs, and 

serves as a model organism for bacterial predation. B. bacteriovorus was first identified in the 

1960s and was quite accurately described as a small parasite, and obligate predator of Gram-

negative bacteria (Stolp and Starr, 1963). Other BALOs, including Bdellovibrioexovorus and 

Micavibrioaeruginosavorus employ an epibiotic strategy of predation, in which the predator 

remains attached to the prey cell and consumes it from the outside before dividing into two 

daughter cells. Recent genomic analysis comparing periplasmic and endobiotic predators 

revealed that protein coding genome of epibiotic predators contained far fewer genes coding for 

lytic enzymes, limiting the interest in these predators for therapeutic and/or biotechnological 

applications (Pasternak et al., 2014). 

Appearance: 

 In natural environments or, if used in clinical applications, ininfected wounds or on 

mucosal surfaces, Bdellovibrio is predatory in areas that contain potential prey and 

nonsusceptiblecells, the latter of which include both gram-positive bacteriaand eukaryotic cells. 

Under a light microscope, host-dependent.Bdellovibrio appears to be a comma-shaped motile rod 

that is about 0.3–0.5 by 0.5–1.4 µm in size with a barely discernible flagellum.Two phases of 

life, attack stage and growth stage.  Very small 0.2 to 0.5 micrometers x 0.5 to 1.4 micrometers  

can move 100 cell lengths per second.  Grows inside the prey cell and can increase its length up 

to 20 times. Cell then bursts and the cycle repeats Bdellovibrio show up as a growing clear 

plaque in an E. coli ―lawn‖. Notably, it has a sheath that covers its flagellum – a rare feature for 

bacteria. Flagellar motion stops once and penetrated its prey, and the flagella is then shed.Host-

independent Bdellovibrio appear amorphous, and larger than the predatory phase. 
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Culture conditions: 

 B. bacteriovorus appears to be ubiquitous in nature and manmade habitats. They have 

been found in soil samples, rhizosphere of plant roots, rivers, oceans, sewage, intestines and 

feces of birds and mammals, and even in oyster shells and the gills of crabs (Shemesh, 2003). 

Found in the ocean and fresh water 6°C to 37°C. Chemoheterotroph also found in land habitats 

and the intestines of mammals.  Eat gram negative bacteria that often cause disease in plants, 

animals, and humans. It is both aerobic and anaerobic but it works faster in an aerobic 

environment B. bacteriovorus are able to thrive in almost any habitat, the general requirements 

are that there needs to be oxygen and some other Gram-negative bacteria present in its 

environment. Its optimal temperature is between 28-30°C, making B. bacteriovorus a mesophile. 

Bdellovibrio is grown in the laboratory in its stationary HI (host-independent) phase at 29°C on 

yeast peptone broth agar. Host-dependent (predatory) cultures are grown with a population of E. 

coli S-17 at 29°C for 16 hrs. (Hobley et. al., 2012). They may also be cultured using YPSC 

(yeast extract, peptone, sodium acetate, calcium chloride) overlays or prey lysates. 

Biphasic life cycle: 

 Bdellovibrio bacteriovorus is a small motile bacterium with an unusual biphasic 

predatory lifestyle. Bdellovibrio uses flagella to make physical contact, grabs on with pili.  

Attachment is initially reversible, becomes permanent after initial ―recognition‖ step. It may 

have preferred prey – attachment rates differ in mixed populations.  Enters through hole induced 

in outer membrane by peptidogly can hydrolysis. The movement by a cell or organism in 

reaction to a chemical stimulous. Its genome contains 18 known chemotaxis genes and 1 known 

aerotaxis genes. Chemotaxis likely used to find environments favorable to prey species. Quorum 

sensing signals are not utilized and it estabilizes prey outer membrane to contain nutrients and 

protect against dehydration. Bdellovibrio attaches to the inner membrane causing the cytoplasm 

to round up into the osmotically stable Bdelloplast.  Exact mechanism of Bdelloplast formation 

is unknown but prey membrane maintains structural integrity. It begins to extract and digest prey 

cellular components. Multiple fission of multinucleoid filamentous cells: Bdellovibrio spp. - tiny 

predatory δ-proteobacteria that invade the periplasm of the prey bacterium and systematically 

consume it Attack phase Bdellovibrio cells - highly motile as they search for susceptible prey 

Once host-contact is made, Bdellovibrio cells penetrate outer membrane of a prey cell. 

Concealed within host, Bdellovibrio lyses the cell wall, which reduces prey to a spheroplast, and 

then Bdellovibrio assimilates organic compounds from the prey cytoplasm Bdellovibrio grows in 

prey periplasm, but this growth is not accompanied by cell division — instead, cell elongates, 

forming a multinucleoid filamentous cell. Once the host cytoplasm is consumed, the Bdellovibrio 
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reproduces: filament undergoes multiple fission. The offspring produce flagella and emerge from 

the ‗spent‘ host to search for other prey - differentiate into motile attack-phase cells. Under these 

growth conditions, B. bacteriovorus has a filamentous growth phase that is followed by a 

reproductive, multiple-fission phase. 

Extracellular: A Saprophytic and host independent form, predatory non growing phase. 

Intercellular: Parasitic and host dependent form, spiral or non – flagellated cells or flagellated 

maturencells, reproductive phase . 

Life cycle: It includes following stages: 

 Attachment: First, the bacterium attached itself to the host‘s outer membrane using a hook 

like extension which breaks down the outer cell wall through the release of certain 

enzymes. 

 Penetration: Attachement is followed by penetration into the periplasm and repair of injury 

done to the cell membrane. 

 Growth and development: Once the bacterium is inside the periplasm, it introduces 

hydrolytic enzymes into the host cytoplasm. This enhances the bacterium‘s food supply by 

making the inner membrane of the host cell ―leaky‖. The bacterium then grows and onces it 

has exhausted all the resources in the host cell, it divides into as many as 15 motile cells. 

 Lysis of host cell: The weakened host cell lyses, releasing progeny of bdellovibrio bacteria, 

which are then ready to find new prey to attack. This life cycle takes up to 3-4 hours. 

 

Figures 1: Life cycle of Bdellovibrio 
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Applicationof Bdellovibrio 

 Biological control of pathogens. 

 Water purification. 

 Biofilm/ an aggeregate of microbial control. Biofilm is defined as communities of 

microorganisms attached to a surface. BALOs- B. bdellovibrio-and-like-organisms- predate 

on other Gram-negative organisms, including plant & human pathogens. They can thus be 

used in the fight against increasingly antimicrobial resistant infections, such as soft-tissue 

Acinetobacter baumannii infections, uropathogenic E. coli infections, and nosocomial 

Pseudomonas infections. Referred to as ‗living antibiotics‘ in this context. Are also 

effective in killing biofilm organisms and can be used against biofilm- associated 

infections. They penetrate deeply inside prey biofilms and effectively destroy them. Can 

also be used in water purification Possible disadvantages of these applications Direct 

invasion of mammalian (or plant) cells. Broad prey range could cause harmful imbalance of 

normal gut microbiota (dysbiosis). Possibility and extent still under investigation. 

 Used to fight food borne illness and can destroy 90% of an E. Coli colony in an hour Bore 

into the prey cell at over 100 rotations per second. Exclusive use of inside of other Gram-

negatives as food. No competition. Maximum niche exploitation- cellular contents don‘t 

leak out of cell after invasion as OM is resealed. Protection by Bdelloplast while 

replicating. Versitalist nature. Horizontal Gene Transfer? Predatory life assures high degree 

of interaction with other bacteria- Potential for HGT. Degradation of host includes complex 

polymers though, including the genome. There is reuse of host nucleic acids rather than 

lateral transfer. Use of nucleases also acts against LGT. Some evidence of HGT in the form 

of AT-rich genes thought to be laterally transferred has been found. 

  Biological control of pathogens.It is microbial predator which attacks Xanthomonas , 

Pseudomonas etc.  

 Disadvantages:  They might be deleterious to the plant growth promoting rhizobacteria 

(PGPR) 

 

Conclusion: 

 The ability of Bdellovibrio strongly support the concept of using B.bacteriovorus for 

treatment of disease-related biofilms and particularly, periodontal infections. This attribute is 

clearly beneficial with an antibiotic resistant strain. BALOs as biological control agents in 

environmental as well as medical microbiological settings. BALOs fail to completely kill their 

prey, even at high predator to prey ratios. However, resistance is due to a plastic phenotype 
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rather than permanently genetically encoded and to date, completely resistant mutant prey has 

not been isolated. They are found strongly associated with natural biofilms and recent studies 

have shown that effective predation occurs in these naturally occurring bacterial communities. 
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