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Chapter 1
The Contribution of Microbial 
Biotechnology for Achieving Sustainable 
Development

Juhi Sharma, Divakar Sharma, Anjana Sharma, Vaishali Vishwakarma, 
Anshul Dubey, and Himesh Namdeo

Abstract Microbes are requisite constituent of biotic diversity that maintain sus-
tainable ecosystem. They are chief customs of life which have progressed into envi-
ronmentally, metabolically and genetically diverse species. In ecosystem, microbial 
diversity strives to comprehend innumerable metabolic courses to maintain resolute 
integrity for sustainable ecology. Utility of microbial communities has better indul-
gent of the bio-network. Until now, only 0.1–10% of microbial species are recog-
nized and, the rest being uncultured, inhabit noteworthy niches in biomes and are 
accountable for several loom based on molecular genetics, systems and synthetic 
biology, genomics, proteomics and metagenomics. Exploring biotechnological 
applications and understanding their mechanism of alteration permit the progress on 
the circumstances necessary for various microbial applications with stare to sustain-
able development, community structure and environmental processes. Most appre-
ciated tools for investigating the microbial resistance to antibiotics and search for 
new antimicrobials can be done using molecular techniques. Therefore, currently, 
metagenomics and meta-proteomics studies have been utilized effectively to get 
novel microbes as well as their by-products from uncultured microorganisms. 
Microbes can be used for a variety of biotechnological appliance such as food prod-
ucts, therapeutic protein, recombinant microbes, vaccine and diagnostic tool. Even 
though microbe’s inventorying and cataloguing are discouraging tasks, requiring 
skills and creativity but imparting considerable pecuniary import.
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1.1  Introduction

The richness, variability and complexity among the living organisms are designated 
under the term biodiversity or biological diversity. It is determined by different 
plants, animals and microbes in natural ecosystems. Biodiversity is classified in 
terms of three fundamental levels, viz. genetic, species and ecosystem diversity.

Biodiversity of the microbial world has focused on the evolution of all forms of 
life on earth. Microbial diversity covers a wide range of inconsistency between 
prokaryotes, eukaryotes and viruses in each possible habitat on the planet. They are 
found in almost every nook and cranny yet in that environment where all forms of 
life cannot exists (Vitorino and Bessa 2018). They thrive in extreme conditions, viz. 
sites of hydrothermal vent, hot springs, ocean, sea ice, hypersaline environment and 
extreme pH and temperature that are unfavourable for survival. These organisms are 
called as extremophiles that flourish in environments which are lethal for survival of 
other living beings (Rampelotto 2013).

Microbes are incredibly minute and constitute maximum proportion among liv-
ing beings on the globe. However, particularly small portion of this huge variety has 
been searched for the development of microbial diversity. It has been reported that 
greater part of microbes cannot be cultured in laboratories (Sharma et al. 2018). It 
is a crucial part of microbial rallies to craft these organisms and those isolated 
microbes accessible to the research community. Microorganisms can be cultured for 
conservation and utilization after they are isolated from their native environment. 
Microbial activities make earth liveable and have limitless commercial applications 
principally in the field of life science (Arrigo 2005).

Gases such as oxygen and nitrogen which are the result of microbial activities 
make habitable climate. They occupy significant part in remediation of harmful 
chemical compounds (Kostka et al. 2011). Microorganisms also offer primary and 
secondary metabolites which have potent antimicrobials, immunosuppressants and 
anti-inflammatory and antitumour properties (Challis and Hopwood 2003). More 
than 104 metabolites produced from microbes have been explored for these com-
pounds in the last decades. Bioplastics of microbial origin are promising substitute 
to chemical-based plastics, and these possess medical importance (Verlindin et al. 
2007). Microbial diversity studies can be classified on the basis of culture- dependent 
(culturable) and culture-independent (unculturable) methods.
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1.2  Assortment of Nonculturable and Culturable Microbes

1.2.1  Culture-Noncontingent and Culture-Contingent Method

The word ‘unculturable microbes’ designates microbes that have hitherto been cul-
tured in vitro on non-natural media (Hugenholtz et al. 1998). This method involves 
mining of DNA from the environmental illustration and afterwards, examined 
through molecular biology-based methods, or it involved another method for uncul-
turable microbes in vitro by mimicking natural environment for the cultivation of 
unculturable microbes which show resistance to grow on cultivation media 
(Vartoukian et al. 2010).

1.2.2  Intents for ‘Unculturability’

In the history of science, the microbial life endurance was recognized from more 
than 300 years ago (Gírio et al. 2010). It was found that some microbes have yet not 
been known by cultural analysis. This might be owing to the piece of evidence that 
low occurrence and sluggish growers of microbes have been ignored. Moreover, in 
traditional biochemical identification methods, many characteristics of microbes are 
overlapped which makes their identification difficult (Schmeisser et al. 2007).

In contrast, certain microbes require particular nutrients for their fastidious 
growth. They had reported various substances and growth requirements of microbes 
of marshy sediments and found that microbes are specific to particular cultivation 
method. Therefore, only certain groups of microbes are identified on the basis of 
traditional method; however, the rest remain unidentified. In a mixed population, 
growth of a specific group of microorganisms is suppressed by the microbial prod-
uct of other organism in the medium (Tamaki et  al. 2005). Culture-independent 
approach has been extensively used to study microbes in different habitat (Yashiro 
et al. 2016).

1.2.3  Perception of Nonculturability

Metagenomics study revealed the genetics of uncultured microbes which aims to 
know microbial environment as well as enhance biotechnological aspects. It is well 
known that uncultured microbes are known for their novel compounds which are yet 
to be discovered (Schmeisser et al. 2007). Some microorganisms are described on 
the basis of special habitat in spite of the microbial ubiquity theory, due to which 
their distribution is more restricted, as they tend to be giving rarer results in intri-
cacy to culture these species in the samples.
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Alain and Querellou (2009) found 30 cultured groups among 100 phyla all the 
way through phylogenetic analysis. Till date, only a small proportion of microbes 
(0.1–10%) have been cultivated of this vast diversity (Leadbetter 2003). Molecular 
studies make uncultivated microbes—oligotrophs and fastidious organisms to grow. 
The difficulty faced in cultivation of organisms includes slow or late growth of 
microbes on nutrient-rich media, lack of knowledge about novel media formulation 
and inefficiency of individuals, trained in the field of microbiology (Leadbetter 
2003). This can be overcome by exploring microbes with well-equipped approaches 
and knowledge about microbes (Gest 2001).

The effect and response of microbial diversity to long-term environmental 
change are not properly understood, and it is also not clear that how much local 
microbial communities have impact on the environment (Tripp et  al. 2008). 
Pelagibacter ubique SAR11 is widely distributed among heterotrophs cultured 
using sea water which was ameliorated with traces of phosphorus and ammonium 
ions. Many bacterial strains have to be cultured by maintaining solidifying agents in 
natural media, for example—Acidobacteria incubates for longer duration (Kuske 
et  al. 2002). Nitrosopumilus maritimus is the first mesophile that belongs to 
Crenarchaea which is abundant in nature (Stevenson et al. 2004).

Cultivation of microbes is a very tedious task incorporated with many complexi-
ties. For the inhibition of microbial growth on Petri dish, many growth factors are 
responsible such as nutritional shock (Overmann 2006). Therefore, it is very imper-
ative to discern the difficulties faced during the cultivation of new microorganisms. 
Although there is significant progress in the development of cultivation techniques, 
meticulous strategies are required for new media formulation. It is impossible to 
culture samples of all habitats; therefore, microbiologists are encouraged to explore 
novel microbes especially in extreme conditions. Different investigation showed 
that different microbes are able to colonize in cold environment of the planet from 
north to south poles.

Microorganisms are divided into two groups—fast growers (r-strategist) and 
slow growers (k-strategist) according to the microbial growth pattern and their 
potential of survivability (Overmann 2006). Nutritional shock is one of the param-
eter responsible for the growth inhibition or lethal to microbial cell. Apart from 
nutritional shock, in short duration, excessive growth of fast growers inhibits the 
growth of slow grower’s types of microbes. Sometimes, undesired microbial growth 
also inhibits the growth of desired microbes in absence of inhibitory compounds. As 
a result of which, only few microbes are cultivated in the Petri dishes (Zengler 2009).

Even though all present acquaintance on the variety of microorganisms, it is 
believed that investigations in unexplored sites may result via additional evidence. 
Broad and unidentified speciations, mainly in the bacteria and archaea domains, are 
still unexplored. Usually, for the cultivation of bacteria and fungi, antifungal and 
antibacterial antibiotics are used, respectively. Environmental samples are serially 
diluted, and, by plating different dilutions, broad range of microbes are obtained 
(Tripp et  al. 2008). Using traditional cultivation strategies, relevant but slow- 
growing microorganisms were not yet cultured and are then known as unculturable 
microbes. Due to several complications in cultivation of microbes, many endeav-
ours have been made for new microorganism cultivation (Gest 2008).
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The biotic interactions provide nutrients to the plants, increase soil fertility and 
showed adverse effects on pathogens but essential for the sustainability of natural 
ecosystems. Till now, various types of nutrient-rich media have been used for fas-
tidious organism cultivation over slow growers (Koch 1997) and may be repressed 
by substrate-rich conventional media. For the cultivation of oligotrophs, the incuba-
tion period has increased; as a result of which, fastidious organisms progressively 
die off in mixed cultures. Davis et  al. (2005) isolated most rare species after 12 
weeks. Similarly, results have been reported for the segregation of strains from 
SAR11 clade after 24 weeks (Song et al. 2009). Many microbes require chemicals 
for their growth. For instance, Abiotrophia and Granulicatella required pyridoxal or 
l-cysteine for their augmentation; on the other hand, Tannerella is nutritionally 
dependent on N-acetyl muramic acid for their growth.

Another method is mimicking the natural environment in laboratory conditions 
for the culture of as-yet-uncultivated organisms. Kaeberlein et  al. (2002) have 
intended a diffusion chamber for the marine bacteria that were precedently unculti-
vated. These organisms are completely dependent on other bacteria for their exis-
tence in a media. Since the mid-1980s, molecular biology practices have been 
focussed on microbial diversity and their ecology in their natural habitat. Molecular 
approaches revealed the molecular sequences of many uncultivated microbes which 
have many potential applications. An additional pioneering method resembling nat-
ural environment involves microcolony development of uncultured soil bacteria on 
soil substrate membrane system (Ferrari et al. 2008). This method involved viability 
staining and micromanipulation techniques for the detection and isolation of live 
microcolonies (Ferrari and Gillings 2009). However, colony hybridization method 
involves the isolation of colony containing a plasmid from a mixed microbial popu-
lation (Salama et al. 1993). Culturing of the uncultured member of phylum utilizes 
this approach for research. Synergistetes had been isolated from dental plaque sam-
ples (Vartoukian et al. 2010). Flow cytometry and cell sorting (FACS) is a method 
that has also been used for the cultivation of cultured as-yet-uncultivated organisms 
(Zengler et al. 2002).

Genomic analysis of cultured as-yet-uncultivated organisms helps in identifying 
these organisms as well as gives some more information about the organism which 
will help in cultivation of previously uncultivated microbes in the vicinity of pros-
pect (Tripp et al. 2008). Ghosh et al. (2010) used cultivation-independent molecular 
approach to study microbial diversity in the mangrove sediment of the Sundarbans, 
India. Proteobacteria (alpha, beta, gamma and delta), Flexibacteria (CFB group), 
Actinobacteria, Acidobacteria, Chloroflexi, Firmicutes, Planctomycetes and 
Gemmatimonadetes were the major divisions of detected bacterial phyla. Several 
reports suggested that Bacillus is an efficient tissue colonizer in different plants 
including Coffea arabica L., sunflower, cotton, potato, strawberry, Panax notogin-
seng and citrus plants (Vega et  al. 2005). Microbacterium sp. was indigenous to 
plants such as maize, rice and wheat (Rijavec et al. 2007). Genus Pseudomonas is 
an extensively disseminated plant-associated bacterium reported activity of growth 
promotion in plants such as alfalfa (Gagné et al. 1987), clover (Sturz et al. 1997), 
potato (Reiter et al. 2002) and pea. Some minor groups such as Enterobacteriaceae, 
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Moraxellaceae, Xanthomonadaceae and Burkholderiaceae were also observed from 
proteobacterial phylum. Shivaji et  al. (2004) recognized bacterial community 
including culturable bacteria from soil in the vicinity of Lake Zub, Schirmacher 
Oasis, Antarctica, has its place in the genera such as Pseudomonas, Sphingobacterium, 
Arthrobacter, Micrococcus, Brevundimonas, Rhodococcus and Microbacterium. 
Jiang et al. (2006) used culture-dependent and culture-independent techniques to 
examine microbial assortment. It was reported that gram-positive bacteria were pre-
dominant among the bacterial strains isolated from Lake Chaka. Analyzed bacterial 
diversity includes Aeromonas hydrophila, Escherichia coli, Chryseomonas luteola, 
Chromobacterium violaceum, Pseudomonas aeruginosa, Serratia rubidaea, 
Klebsiella pneumoniae and Enterobacter cloacae in mangrove soil at Tanjung 
Lumpur. They have also investigated their resistance against several antibiotics.

1.3  Microbes Role in Habitat/Environment

The environment is an essential perception because microbes are greatly affected by 
the atmosphere. Microorganisms are involved in many biogeochemical processes in 
different habitat. They are richest repertoire and considered as pillars of existence in 
nature. On earth, more than four billion years ago, microbes have been evolved and 
play numerous and important roles for maintaining sustainable biosphere that 
includes nutrient (elemental) cycling and detoxification of hazardous compounds 
present in the atmosphere. The microbial world is a treasure in itself and covers 
broad range of discrepancy of microbes among all types of microorganisms (bacte-
ria, archaea, eukaryotes and viruses) in each possible habitat and is linked with 
plants and human on the planet. They are proficient in exploiting broad spectrum of 
energy sources and inhabitant of different environments like normal as well as 
extreme hot mainsprings, hydrothermal vent sites, drought, ocean and sea, polar ice, 
hypersaline and extremes pH that is lethal, or in other environments that are unfa-
vourable for survival. Microorganisms have become an important part of the natural 
elemental cycle and played significant roles in biogeochemical cycles and converted 
the oxidized forms of molecules into reduced forms. Unicellular and filamentous 
cyanobacteria are mainly accountable for the fixation of nitrogen. Microbial study 
in different surroundings has confirmed that assessment of metabolically effective 
group is the key to explain microbial activities (Baldrian et al. 2012).

1.3.1  Role in Terrestrial Ecosystem

This type of ecosystem is surrounded by forests, cropping systems and grazing 
lands. Soil acts as source of micro- as well as macronutrients. These nutrients are 
necessary for the plants, insects, protozoa, nematodes, worms and microbial growth 
(Staben et  al. 1997). This biological diversity is responsible for the formation, 
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maintenance and degradation of soil. Among this vast community, microbes consti-
tute the major proportion and are versatile in their action. Bacterial community 
counts approximately 108–109 cell g−1 dry weight of soil in surface of the soil micro-
scopically, while fungi can be contemporary up to numerous metres of hyphae in g−1 
of soil. Plant actions also augmented microbes in the soil. Microbes are associated 
with plants via roots (rhizosphere and rhizoplane) and leaves (phyllosphere and 
phylloplane). Rhizosphere acts as a reservoir for microbial diversity (Singh et al. 
2019). Some may induce resistance or suppress the development of plant pathogens 
(Lanteigne et  al. 2012) and exhibit positive as well as negative impact on plant 
growth. Microorganisms are versatile in nature and play significant role in increas-
ing soil fertility. Microbial action contributes to nutrients cycling in soil such as 
carbon, nitrogen, sulphur, iron and manganese cycles. They act as biofertilizers and 
fix atmospheric nitrogen, phosphorus, and sulphur and other elements which are 
unavailable for plants and finally contribute to plant’s nutrition (Yadav and Saxena 
2018). The degradation of hydrocarbons and dead and decayed plants and animal 
matter along with its involvement in the formation of humus is an important role 
played by bacterial community in the soil. Actinomycetes imparts soils their char-
acteristic earthy odour by producing a compound called eosin by Streptomyces 
species.

1.3.2  Role in Mangrove Ecosystems

High load of biological diversity belonging to plants, animals and microorganisms 
occurs at mangrove forests occurring at the border of terrestrial and marine environ-
ment. Mangroves cover nearly 70% of the world’s tropical and subtropical coastal 
regions, which are identified to be highly fecund ecosystems of huge ecological 
value. These ecosystems are highly productive all over the world despite they are 
fragile and sparsely distributed. In this habitat, microbes transform nutrients and 
detoxify pollution-causing agents, and as biocontrol of pests, a unique environment 
harbouring diverse groups of microbes such as bacteria, fungi, cyanobacteria, 
microalgae, macroalgae and protists is provided by them. They are abundantly 
nitrogen and phosphorus deficient (Holguin et al. 1999).

Amid the microbial distribution, bacteria and fungi represent the foremost pro-
portion after algae and protozoa. The most common bacteria are sulphate reducers 
belonging to the genera Desulfovibrio, Desulfotomaculum, Desulfosarcina and 
Desulfococcus, nitrogen fixers and methane producers (genera Azospirillum, 
Azotobacter, Rhizobium, Clostridium, Klebsiella, Methanococcoides methylutens), 
phosphate solubilizers (genera Bacillus, Paenibacillus, Xanthobacter, Vibrio pro-
teolyticus, Enterobacter, Kluyvera, Chryseomonas and Pseudomonas) and photo-
synthetic anoxygenic bacteria (genera Chloronema, Chromatium, Beggiatoa, 
Thiopedia, Leucothoe bacteria) (Das et al. 2009). Moreover, fungi, such as lignino-
lytic, cellulolytic, pectinolytic, amylolytic and proteolytic fungi, as well as actino-
mycetes are present in mangrove ecosystems. Among the algae, Chlorophyta, 
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Chrysophyta, Phaeophyta, Rhodophyta and Cyanophyta are the dominant groups of 
the mangrove ecosystem. They harbour unique microbial composition which con-
tains major source of therapeutic enzymes, antimicrobial and antitumour agents, 
insecticides, etc.

1.3.3  Role in Aquatic Environment

Aquatic habitat classified into fresh water, marine and both. Fresh water consists of 
lakes and rivers. Open ocean, coral reefs, and intertidal zones constitute the marine 
environment. Ecosystems that are considered both marine and freshwater system is 
composed of estuaries and salt marshes. Microbes are widespread, well-adapted in 
fresh water and involved in diverse biogeochemical processes, such as petrification 
of organic compounds; nutrients can be remineralized in maintenance of water eco-
system (Newton and McLellan 2015). They have its place to the group of photosyn-
thetic oxygenic and anoxygenic organisms that include bacteria, algae and 
cyanobacteria. Further 70% of the earth is roofed by ocean, and microbes are 
accounted for more than 98% of ocean biomass. Marine microbes are called as ‘the 
canary in the coal mine’. The marine microbial diversity constitutes microalgae, 
bacteria and archaea, fungi and viruses (Fuhrman and Noble 1995). The Antarctic 
bacterium Pseudoalteromonas haloplanktis TAC125 (PhTAC125) is studied for 
their enormously fast growth and its wide temperature array from −2.5 to 25 °C 
(Wilkins et al. 2013). They offer a tremendous biodiversity and potential for drug 
sighting and delivery of novel marine-derived products in therapeutic claims. They 
play diverse role in the marine environment such as in food chain, transformation of 
nutrients and sustaining marine ecosystem for the survival of marine organisms.

1.3.4  Role in Extreme Environments

On the basis of stability, environment can be classified into two types—normal and 
extreme environment. Stable condition can be considered as ‘normal’, while in 
extreme environment, organisms experience dramatic changes. The inhabitant 
organisms of extreme ecology are known as extremophiles. High and low tempera-
ture classify the nature of microbe’s adaptability for extremophiles; these factors are 
the basis of their classification (thermophiles and psychrophiles), high salt concen-
tration, high and low pH (acidophiles and alkaliphiles) and low water activity (aw). 
The microbial product produces from extremophiles are of immense importance. 
Many information on microbial diversity from thrilling environments, for instance, 
low temperature (Yadav 2015), high temperature, saline soil, drought, acidic soil 
and alkaline soil, have been reported. In an unstable environment, the costs to sur-
vive in stress condition may increase for some organisms, while most will probably 
die off. Extreme environments are well known for novel microbial diversity. 
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Microbes at high temperature make a hydrophobic environment for their survival 
(Acharya and Chaudhary 2012). Complicated zig-zag structure of proteins provides 
microbial cells to withstand denaturation and proteolysis.

1.3.5  Role in Saline Environment

Microorganisms are widely distributed in hypersaline environment from solar salt-
erns to deep salt mines (Selvarajan et al. 2017). Most of the Indian saline ecosys-
tems, such as Sambhar Lake in Rajasthan, Chilika Lake in Odisha, the Great Rann 
of Kutch in Gujarat and Lonar Lake in Maharashtra, are known for novel and poten-
tial applications. In this environment, microbes play vital character in the reminer-
alization of organic matter (Joshi et  al. 2008). The microorganisms in saline 
environments that have been isolated and identified mainly belong to the family 
Halobacteriaceae. Halophilic microbes have been described from different phylum 
including Actinobacteria, Bacteroides, Euryarchaeota, Firmicutes, Proteobacteria 
and Spirochaetes (Yadav and Saxena 2018).

1.3.6  Role in Cold Environment

Cold environments cover the largest region on the earth. The term ‘psychrophiles’ 
is used for the microbe that are living/inhabitant in cold condition. In India, microbes 
are widely distributed and explored in the Himalayan region. Psychrophiles are 
potential sources for production of extracellular proteins. Polyhydroxyalkanoates 
(PHAs) are chiefly produced by psychrophiles which increase survivability in stress 
conditions (Tribelli and López 2018). It includes diverse groups of microorganisms, 
i.e. archaea, bacteria and fungi. had reported many species from high-altitude and 
low-temperature environments of Indian Himalayan region belonging to genera 
Aurantimonas, Bacillus, Disemia and Paenibacillus.

1.3.7  Role in Drought Environment

The desert microbiota potentially is known for their efficiency in maintaining the 
harmony of recycling of different nutrients and ecological balance as well as for the 
development of soil structure. In rain-fed conditions, microorganisms that are toler-
ated in drought environment have been secluded and characterized for plant growth 
promoters (PGP) and have its place to the family Halobacteriaceae and genera such 
as Haloarcula argentinensis, Halobacterium sp., Halococcus hamelinensis, 
Haloferax alexandrinus, Haloferax larsenii, Haloferax volcanii, Halolamina 
pelagic, Halostagnicola kamekurae, Haloterrigena thermotolerans, Natrinema sp. 
and Nanoarchaeum mannanilyticum.
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1.3.8  Role of Microbes in Human Health

The human body is immensely colonized with microbes in different tissues and 
body parts. Approximately, thousands of different bacterial species exists side-by- 
side together in the intestinal tract of human. Among various organs of human, the 
digestive tract heavily occupied with enormous bacteria represents the dominant 
genera Lactobacillus sp., Escherichia coli, Klebsiella sp. and Proteus sp. that per-
form various roles in metabolic processes of substrates, build up defence mecha-
nism against various infections, synthesize vitamins and various cofactors for their 
development, support in degradation of fats and polysaccharides and also have anti-
oxidant properties of foodstuffs which in turn enhance the nutritional value (Odonkor 
and Ampofo 2013). Probiotics (live microorganisms) predominately belonging to 
the genera Lactobacillus and Bifidobacterium are dietary supplements added to the 
foodstuff impacting their nutritional and therapeutic value (Kumar et  al. 2012). 
Important roles played by microbes in the gut are energy generation, production of 
cellular constituents and processing of nutrients (metabolism). In certain circum-
stances, microbiota may result in diverse health issues such as diarrhoea, human 
gastritis, typhoid, gastroenteritis, bacterial vaginosis, chronic peptic ulcers, urinary 
tract infections and gastric adenocarcinoma (Peris-Bondia et al. 2011).

1.4  Potential Applications

Divergence among microbes is imperative for the endurance of all life forms and 
offers enormous reservoirs that exploit for human welfare. They have become res-
ervoirs of many substances. Microbes have been used in beer, wine, acetic acid, 
cheese and yoghurt production and involved in many industries, viz. baking, leather, 
paper pulp and textile industries (Acharya and Chaudhary 2012). Methanogens 
plays a significant role in the biogas production; however, psychrophiles are being 
subjugated in biodiesel production (Bernard et al. 2012). We have summarized the 
application of microbial biotechnology to maintain the sustainable development of 
the ecosystem in Fig. 1.1.

1.4.1  Environmental Applications (Bioremediation)

Grouping of diverse technologies, such as designed biosensors for assessing the 
level of contamination, mining of the large number of polluted spots and designing 
of geohydrobiological engineering models, via polishing the spots with microbe- 
assisted flora (Pilon-Smits 2005), is the most competent and cost-effective way of 
bioremediation. Bioremediation has capability to fix polluted environments. For the 
retrieval of degraded lands, the integrative attempt might provide an evidence to be 
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one of the pre-eminent ecological practices. Microbes actively participate in the 
removal of toxic compounds and oil biodegradation. Microbial-based biosensors 
provide application in monitoring of toxic compounds.

1.4.2  In Industry (Novel Biotechnological 
and Pharmaceutical Products)

Soil has proven to be the major resource of microbes from where they are extracted 
and used in industries, food processing and production, biocontrol agents, advance-
ment of biocides, drugs and other natural products. Microorganisms can occur natu-
rally or even through human ingenuity, i.e. it can be genetically engineered. 
Mangrove ecosystem has comprehended many biotechnological importances.

1.4.3  Enzymes

The enzymes have many advantages over chemical-based industries due to its high 
efficiency and negligible substrate loss (Acharya and Chaudhary 2012). Microbes 
have a varied array of enzymatic activities and are proficient in catalyzing numerous 
biochemical reactions with novel enzymes. Microbes in marine environment offer 
microbial proteins which have therapeutic importance for human welfare. Enzymes 
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contributing to sustainable development of industries such as lipases, proteases, cel-
lulases and amylases showed numerous potential in detergent industry; amylases, 
cellulases and catalases are used in textile industry, amylases and pullulanases in 
starch and proteases and lipases in leather industry (Acharya and Chaudhary 2012). 
Cellulases have gained interest worldwide because of its potential role in the pro-
duction of transportation of fuel and also are considered as third largest industrial 
enzyme globally. Mostly, fungi and bacteria have been exploited for cellulase pro-
duction (Acharya and Chaudhary 2012). Halophilic bacteria produce hydrolytic 
enzymes which have economic importance (Ventosa and Nieto 1995).

Halococcus asparaginase was reported in mangrove habitat and assessed various 
properties of oxidative stress-related enzymes such as oxidase, peroxidase and cata-
lase from gram-negative bacteria in mangrove ecosystem of Bhitarkanika. In Brazil, 
bacteria isolated from mangrove were found to generate different biocatalysts, 
starch hydrolyzing enzyme, amylases; proteolytic enzymes, proteases; and ester 
lipid hydrolytic enzyme, esterase and lipase, extracellularly (Das et  al. 2009). 
Husain et al. (2016, 2017) documented chemotherapeutic enzymes (asparaginase, 
arginase and arginine deiminase) isolated from rhizospheric soil, and endophytic 
bacteria revealed that Aspergillus niger isolated from mangrove ecosystem can gen-
erate an enzyme xylanase which can withstand high temperature and pH and carry 
out biobleaching of paper pulp. Carbonic anhydrase (CA) is a biocatalyst exploited 
for the sequestration of carbon dioxide. In fresh water, Sharma et al. (2018) opti-
mized various factors for increasing CA production from the genera Enterobacter 
sp. and Aeromonas sp. and purified and compared P. fragi CA, M. lylae CA and 
M. luteus 2 CA against commercial bovine carbonic anhydrase (BCA). In food 
industry, enzymes play a vital role to process food.

1.4.4  Biosurfactants

Biosurfactants exhibit several therapeutic significances such as antibacterial, anti-
fungal, antiviral and anticoagulation properties. High surface and emulsifying activ-
ity of microbial molecules are categorized as biosurfactants or bio-emulsifiers. Due 
to lower toxicity, mild production conditions, environmental compatibility and 
higher biodegradability, biosurfactants have gained interest to a large extent as com-
pared to chemical surfactants (Mulligan et al. 2011). All these biosurfactant proper-
ties have driven their importance in protecting the environment and have been 
utilized in many industries, viz. food, cosmetics, biopesticides and pharmaceuticals. 
On the basis of microbial origin of biosurfactants and their chemical configuration 
characteristics, biosurfactants can be classified as glycolipids, phospholipids, lipo-
peptides and polymeric surfactants. The most common biosurfactants among these 
four groups assessed are glycolipids and lipopeptides produced by P. aeruginosa and 
B. subtilis, respectively (Pornsunthorntawee et  al. 2008). Properties of biosurfac-
tants, i.e. degradation of substances, less toxic and efficient at low/high pH or tem-
perature, make them more valuable than chemical surfactants and display prominent 
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eco-friendly compatibility by enhancing bioremediation efficiency. Mulligan et al. 
(2011) reported and assessed the promising biosurfactant production from 
Leucobacter komagotae 183 strain isolated from mangrove ecosystem of Thailand.

1.5  Medical Importance (Antimicrobial Substances)

The necessity for variety and expansion of novel classes of antimicrobial agents is 
growing due to resistance shown against several antibiotics by diverse groups of 
bacteria, fungi and other microorganisms that causes severe complications in repres-
sion of contagious diseases. Many documents have reported antifungal substances 
from mangrove ecosystem. Two despidones (auranticins A and B) that exhibit anti-
microbial activity were generated from fungus Preussia aurantiaca (Poch and Gloer 
1991). In mangrove environment, isolated Aigialus parvus BCC-5311 synthesized 
aigialomycins A–E, resorcylic macrolides and hypothemycin. Few studies reported 
a novel compound—enniatin G—extracted from Fusarium sp. which showed anti-
biotic, antitumour, phytotoxic and insecticidal activity. Lin et al. (2008) described 
an actinomycete Streptomyces sp. that strongly constrains the growth of gram- 
negative as well as gram-positive bacteria.

1.5.1  Bio-mediated Compounds

Study revealed that plants, fungi, bacteria and actinomycetes were found to produce 
bioactive compounds. Actinomycetes act as promising candidate for the treatment 
of diabetes and neurodegenerative diseases and are likely to be the rich cause for the 
detection of antitumour and anti-inflammatory compounds after few genetic modi-
fications. Microorganisms living in the mangrove ecosystems are considered as a 
natural ‘hotspot’ for producing novel and superior drugs. It was reported that 2000 
microbes, viz. fungi, bacteria and actinomycetes, that have potential to synthesize 
secondary metabolites were also having anticancer, antitumour and anti- 
inflammatory properties. Streptomyces albidoflavus isolated from the Pichavaram 
mangrove that exhibited antitumour properties was reported by Marine algae are the 
key source of phycocolloids such as agar, carrageenan and alginate (Shanmugam 
and Mody 1999). They were also reported to have anticomplementary, anti- 
mutagenic, blood anticoagulant, antiviral, hypolipidemic, hypoglycaemic, immuno-
modulating, anti-inflammatory and antitumour activities.

Microorganisms are in diverse form and a vital constituent of biotic diversity that 
has played a momentous role in origin of life on the earth and in maintaining ecol-
ogy of various habitats. They are the abundant janitors across the globe occurring in 
all climatic regions, including Arctic, Antarctic, deep within rocks and oceanic hot 
vents. The extensive genetic variation encompasses the spectrum of variability 
among various species. Microbial diversity comprises broad group of microbes that 
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are useful for food production and global environmental protection as well as have 
many applications: for example, as immunosuppressants; as antimicrobial and anti- 
proliferative drugs; as immunomodulators; as anthelmintics in pharma industries; as 
a fermentation product in food industries; as food processing agents, antiparasitic 
agents and biopesticides in agricultural region; as a microbial product intended for 
manufacturing organic compounds, vitamins, amino acids, biocatalyst and biocon-
version agents; as detergents by chemical industries; as bioenergy and bioremedia-
tion agents in environmental industries using biotechnological approaches to clean 
up the contaminated sites, in recycling process of nutrients and in maintenance of 
ecosystem health in biosphere.

The traditional techniques for cultivating microbes and advanced culture- 
independent methods might be deliberated as a principal approach to understand 
how microbes live as well as their role in extreme habitats. The studies of microbial 
diversity pave a healthier thought of the role and purpose of microbial communities 
in terrestrial, aquatic and marine environments and a better understanding of the 
consequences of extinction of plant and animal species and of trepidations on eco-
system. Therefore, microbial communities are excellent models for studying and 
examining fundamental biological interactions for maintainable ecology of plants 
and animals and improved dimensions to uphold water quality and soil fertility.

1.6  Conclusion

The usage of microbial enzymes is dispersed in several fields such as in preparing 
enantiomer, pure drugs from racemic mixture; for the production of robust drugs, as 
a therapeutic agent; etc., while pathogenic microbes causing disease to humans, 
plants and animals pose a threat to health, food safety and security. Recent advances 
in molecular genetics are currently gaining attention which is being supplemented 
by culture-dependent analysis. Diversity among microbes can be used to monitor 
and predict the changes in the environment as microbes are the major sources that 
have been involved in sustainable development. The ecosystem may function as a 
key parameter that controls various global cycles (nitrogen, carbon, sulphur, phos-
phorus and heavy metal cycles) by maintaining the dynamic equilibrium and integ-
rity of our planet. The extensive industrial development has led to the exploitation 
of diverse forms of microbial communities by gradual changes in existing biotic and 
abiotic factors. Therefore, metagenomics is useful in exploiting unidentified micro-
organisms in various environments to reveal genomic content of new species and 
biomarkers for detecting several metabolic activities; it also delivers innovative 
techniques to obtain products from microorganisms without culturing them in labo-
ratories and can be helpful in understanding complexity within microbial communi-
ties. The inability of traditional culturing techniques has shown the diversity of 
microorganisms and also that the species assortment in terrestrial and aquatic habi-
tats is far superior than expected. The mainstream of microbial diversity (>90%) 
remains to be revealed. The extensive genetic variation encompasses the spectrum 
of alteration among various species. Nevertheless, the information regarding micro-
bial physiology and genetics is crucial for transcriptomic and gene-level studies.
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1.7  Future Perspectives

Most assorted group of organisms found in any form of environment are microbes. 
Till date, investigation has focused on those microbes that are culturable; however, 
an affluence of evidence is now being collected from unculturable microbes. A 
grander consideration of the microbial world can benefit ecological organization. 
These organisms are the root for revolutions that empower life to endure; thus, 
acquaintance of their interfaces, characters and tasks is vivacious to our understand-
ing. We are in the middle-of-the-road to explore, identify, conserve and use microbes 
to support mankind specifically and ecology. Marine organisms thrive not just in the 
surface of ocean but also in addition in the lower and deep profundities from coastal 
to the offshore regions of a particular habitat. This community of microbes is still 
unknown and might have evolved with many mysteries which are still to be 
answered. Plant microbiome-based solutions could achieve a change in perspective 
of their role in health and illness and have significant results for biocontrol and 
medical problem. Targeted microbiome engineering for crops is an upcoming incli-
nation. Biodiversity should be a biomarker for these microbiome cadences. Higher 
plant-associated miscellany can be achieved not only through the enactment of bio-
logical control agents which shifts the microbiome but also by the solicitation of 
microbial consortia. Half-life of gut microbes could be managed through probiotics, 
and estrogen replacement therapy can be benefited by long-term users through alter-
ing properties of estrogen without increasing the risk of reproductive cancers. 
Microbiota populations have been found in the human skin, mucosal membranes, 
and gut where they can influence several disorders, such as diabetes, obesity, cancer 
and colitis. Thus, a multiomics approach to identify and sequence different micro-
bial populations in the body can provide valuable information. Gut bacteria markers 
can be called as ‘smoking gun’ for liver disease as they can spot the early stages of 
liver disease by releasing chemical compounds produced by the bacteria in our gut. 
Microbiologists are finding new-fangled ways to sightsee the new places and new 
biotechnological intervention in the hunt of new medicine and new techniques to 
help mankind. Some longstanding mysteries about microbial diversity are their 
diversity and stability in various ecosystems which can solve many queries about 
evolution and could also help to understand the future and make it easy.
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