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Abstract: The second objective of Convention on Bio Diversity (CBD) 1992 is the sustainable use of the 

components of biological diversity; The three components of biodiversity are Ecosystem diversity, Species 

diversity, and Genetic diversity. The term biodiversity usually relates to organisms and their diverse nature in 

their habitats. Apart from this primary factor, CBD mainly aims at sustainable exploitation of biosphere 

resources for humanity. In this review, the second important goal of CBD is analyzed in the bacterial 

biodiversity point of view. In particular, the sustainable of use of the components of bacterial species diversity 

is discussed clearly other than ecosystem and genetic diversity of bacteria. Utilization of bacterial species in 

various fields like Industrial Microbiology, Microbial biotechnology, Agriculture, Bioremediation 

(Ecosystem restoration), Green technology, Biomining, Toxicology, Energy sector, Symbiosis etc., are 

discussed.  
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1. INTRODUCTION: 

 Bacteria have existed from very early period of time on Earth. Bacteria fossils discovered in rocks 

date from atleast the Devonian Period (419.2 million to 358.9 billion years ago. Bacteria were widespread on 

earth since the latter part of Paleoproterozoic era, approximately 1.8 billion years ago when oxygen came into 

existence in the atmosphere due to photosynthetic activity of Cyano bacteria. Bacteria thus had plenty of time 

to adapt to their environments and have given rise to numerous descendant forms. The original cell in early 

stages might have used RNA as the genetic material. Later on through evolution in stages the present day 

forms came in to existence. Bacterial  resistance to various antibiotics are proof to their evolutionary concept 

even today. 

 Discovery of Microscopes are the turning point in the discovery of various microorganisms and led to 

the growth of microbial biotechnology field and various inventions and products related to microbial 

biodiversity. Before that, Antony Van Leeuwenhoek (1632-1723) was the first to discover simple microscope 

and describe about his “very little animalcules” to British Royal Society. In 1837,Schwann described alcoholic 

fermentation as a process dependent on Yeast. Before that, fermentation was considered as a chemical process. 

Even though fermentation products like curd, yoghurt, cheese, wine, beer and beverages were familiar food 

products in the medieval society, research did not flourish in that field up to Louis Pasteur. Pasteur pursued 

Schwann’s idea further and became a pioneer in research work on fermentation. Pasteur discovered that sugar 

was broken down to lactic acid by a kind of microorganism and different fermentation process are carried out 

by different microorganisms yielding different byproducts. Then after a long time, came the era of antibiotics, 

with the historical invention of Pencillin by Sir Alexander Fleming. From that onwards researches in microbial 

work went sky-high leading to plentiful inventions. “Fig.1” 
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“Figure 1” Agar plating of mixed bacterial species 

 

2. ROLE IN MICROBIAL BIOTECHNOLOGY: 

 A variety of bacteria are used to ferment sugars to ethanol. Some of them  are Z. mobilis, Clostridium 

acetobutilicum, C. thermocellum, E. coli, Klebsiella pneumoniae, K. oxytoca, Leuconostoc 

mesenteroides, Lactobacillus strains (L. pentoaceticus), L. casei, L. xylosus, and L. pentosus . Co-culturing is 

a bioprocess that utilises two or more species for the fermentation process. In co-culturing to produce ethanol, 

one microorganism breaks down polymers (e.g., starch, cellulose) to sugars while a second microorganism 

ferments these sugars to ethanol. For example, co-culturing of S. cerevisiae with other microorganisms has 

been reported to reduce inhibitory compounds in lignocellulosic hydrolysates, and increase ethanol yields and 

production rates by  (Akbas 2016 et al.,). L-lysine is an essential amino acid that is commercially  important 

due to its need in human feed and animal feed to meet their nutritional requirement. So there is an increased 

demand of L-lysine  to produce it on a large scale. The most predominant method of lysine production is 

through bacterial fermentation of carbohydrates predominantly with Corynebacterium glutamicum(Hamsa D. 

Tadepally et al.,2019). Anaerobic digestion (AD) is a process by which microorganisms break down 

biodegradable material in the absence of oxygen. Anaerobic digestion process follows four major steps: hydrolysis, 

acidogenesis, acetogenesis and methanogenesis. Anaerobic co-digestion of animal waste, crop and crop residues, 

industrial sludge, municipal solid waste (MSW), as well as municipal sewage sludge gives better yields of  

biogas.A great option for improving yields of anaerobic digestion of solid wastes is the codigestion of multiple 

substrates in which due to positive synergism  biogas yield is  in higher folds.. This conversion is catalyzed by a 

large of bacteria that operate in synergy, catalyzing different chemical reactions, hence the metabolic pathways 

involved in the anaerobic degradation are quite complex.( Kangle, K. M.et al.,2012).  Using lacto bacilli species, 

pure lactic acid can be synthesized commercially by microbial fermentation of the carbohydrates such as 

glucose, sucrose, lactose, starch, and maltose derived from feed-stocks such as beet sugar, molasses, whey, 

and barley malt, etc… One of the value-added uses of lactic acid is its polymerization to form polylactic acid 

(PLA). PLA is used as a raw material to produce bioplastics which can replace the petroleum-based 

consumables and synthetic plastic which causes pollution. PLA is easily degradable and ecofriendly. (Ilmén, 

Koivuranta, Ruohonen, Suominen, & Penttilä, 2007)There are various polymers produced similarly like PLA, 

poly hydroxy butanoate, poly hydroxyl valerate, poly hydroxyl octonate… which are called biopolymers that 

can be used in various industrial applications. Bacterial cellulose (BC) is an important biomaterial used for 

various applications. Clean biotechnology is an integrated platform for the conversion of wastes into valuable 

and less toxic end products. Large waste biomass byproducts of various industries can be utilised for BC 

production. Tons of wastes produced from the agro, food, brewery and sugar industries, ligno cellulosic 

biorefineries, textile and pulp mills are ideal raw materials for BC production. (Hussain et al.,2019). “Fig.2” 
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“Figure 2” Flow chart of biogas production 

 

 

“Figure 3” Byproducts of Anaerobic Digestion 

 3. INDUSTRIAL MICROBIOLOGY: 

Tyrosinases are enzymes catalysing the oxidation of mono- and di-phenolic compounds to 

corresponding quinones which can reduce molecular oxygen into water and they also have cross-linking 

activity on proteins and so used in food industry. Various bacterial tyrosinases oxidise tyrosine, catechol, l/d-

DOPA, caffeic acid and polyphenolic substrates such as catechins. This substrate specificity is used as 

biosensors that can detect even minimal amounts of different phenolic compounds. Actinobacteria and 

Proteobacteria species produce Tyrosinases which are used in biosynthesis of melanin and hence has 

applications in dye industry (Faccio Greta et al.,2012). Alginate with its unique material properties and 
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characteristics has been increasingly considered as biomaterial for medical applications. The genetic 

modification of alginate producing microorganisms could enable biotechnological production of new 

alginates with unique properties, suitable for medical and industrial applications. Bacterial alginates are 

synthesized by only two bacterial genera, Pseudomonas and Azotobacter, in the form of polymannuronic acid, 

alginate undergoes chemical modifications comprising acetylation and epimerization, which occurs during 

periplasmic transfer and before final export through the outer membrane. (Remminghorst et al.,2006). Bacterial 

prodigiosins (prodiginines) are known for their anticancer and antimalarial activities. Prodigiosin is generally 

produced by strain Serratia marcescens . Undecylprodigiosin and Prodigiosin have wide applications in 

medical as well as industrial field. (Stankovic et al.,2014) Polymer nonwoven fiber systems are a promising 
technology in biomedical applications. Electrospinning of uniform biohybrid fibers with concealed cellulose 

microfibrils (CMF) yield high precision nano fibers. Nanofibers composed of a poly (methyl methacrylate) 

(PMMA) matrix with cellulose contents are obtained when crystalline microfibril bundles from bacterial 

cellulose networks is used in electrospinning, (Olsson et al.,2010). Biosurfactants are produced by bacteria 

and other microorganisms extracellularly or as a part of cellwall. Biosurfactants have the unique properties of 

reducing surface tension/interfacial tension between liquid-liquid,gas-liquid,solid-gas surfaces.One example 

is Rhamnolipid from Organism Pseudomonas aeruginosa  that has a lot of applications in oil refineries,paint 

industry,food industry,bioremediation purposes,agricultural, pharmaceutical,  cosmetics, and detergent 

industries. Biosurfactant applications in the environmental industries are promising due to their 

biodegradability, low toxicity and effectiveness in enhancing biodegradation and solubilization of low 

solubility compounds. (Mulligan et al.,2005). They can be used in drug delivery systems in cancer treatment. 

(Gudiña, Eduardo J., et al.2013).Various types of biosurfactants available are surfactin,alosan,liposan which 

belong to categories lipo peptide, glycolipids, fatty acids, phospholipids, neutral lipids, polymeric  

compounds 

(Roy, A. et al.,2017). “Fig.4”

 

 

“Figure 4”Graphical representation of Micelle formation by Biosurfactants 
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“Fig.5” 

 

“Figure 5” Applications of Biosurfactants 

 

“Fig.6” 

 

“Figure 6” Byproducts of Biosurfactants 

 

4. AGRICULTURE: 

 Rhizo bacteria are bacteria present in rhizosphere of plants which are beneficial in nature. They help 

the plants directly or indirectly. They are plant-growth-promoting rhizobacteria(PGPR).Various functions of 

PGPR include nitrogen fixing, phosphate solubilisation, IAA-growth hormone production, siderophore, 
ammonia, hydrogen cyanide,  exopolysaccharide production, etc., PGPR can be used in four ways:-as 

biofertilizers to increase  the availability of nutrients to plants and improvement in the soil profile; as 

phytostimulants-in production and stimulation of phytohormones; in rhizoremediation-to remediate the 

organic and inorganic pollutants ; as biopesticides-in control and inhibition of growth of plant pathogens and 

pests. (Saraf,et al.,2011).  Some common PGPR bacteria include Pseudomonas putida, Azospirillum 

fluorescens, and Azospirillum lipoferum and beneficial nitrogen-fixing bacteria associated with legumes 

includes Allorhizobium, Azorhizobium, Bradyrhizobium, and Rhizobium.In short,PGPR are efficient 

bioinoculants used for sustainable agricultural development and food security. ( Nawaz et al.,2020) studied 

the combined effects of silver nano particles along with PGPR treatment and obtained the following results.He 

observed enhanced flavonoids production in leaves and increased Phenylalanine Ammonia-Lyase (PAL), 

Catalase (CAT) and superoxide dismutase (SOD) activities in leaves.In his study, Pseudomonas putida 

showed better defence enzyme activities and anti oxidant effects.( Jahangir et al.,2020) studied PGPR strains 

http://www.ijcrt.org/


www.ijcspub.org                                        © 2022 IJCSPUB | Volume 12, Issue 1 January 2022 | ISSN: 2250-1770 

IJCSP22A1018 International Journal of Current Science (IJCSPUB) www.ijcspub.org 143 
 

Bacillus pumilus and Pseudomonas moraviensis in onion seedlings with silver nano particles and observed 

increased biomass, chlorophyll, carotenoids, sugar, protein, proline, flavonoids and phenolics content of onion 

leaves and bulb. “Fig.7” 

 

“Figure 7”Role of PGPR in plant growth 

 

“Fig.8” 

 

 

“Figure 8” Biosurfactants in bioavailability of Phosphorous 
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“Fig.9” 

 

“Figure 9” Bioremediation or Environmental restoration 

 Bioremediation is the process in which microbial metabolism is used for degradation of contaminants 

like aromatic hydrocarbons and toxic organic and inorganic pollutants.It involves two processes namely 

biostimulation and bioaugmentation. Biostimulation is the addition of limiting nutrients to support microbial 

growth.  Bioaugmentation  is  the addition of living cells capable of degrading pollutants.Thus bioremediation 

plays important role in restoration of degraded lands. Chikere et al (2012) observed fifty six hydrocarbon 

utilizing bacterial isolates including Staphylococcus spp., Pseudomonas spp., Citrobacter sp., Klebsiella sp., 

Micrococcus spp, Corynebacterium spp., Bacillus spp. Rhodococcus spp., Alcanivorax spp., Alcaligenes sp., 
Serratia spp., Arthrobacter spp., Nocardia spp., Flavobacterium sp., Escherichia sp., Acinetobacter sp., 

Proteus sp.  identified from poultry litter for ex situ remediation. Their study showed that organisms utilised 

hydrocarbon efficiently and attained growth in the range of 105cfu/g. (Layton AC  et al.,2012) studied 

Genetically Modified Microorganisms to degrade Naphthalene . In the  study, The University of Tennessee 

in collaboration with Oak Ridge National Laboratory performed field based bioremediation using GMO-

Pseudomonas fluorescens strain designated HK44.The result showed increased napthalene degradation  

,catabolic gene expression, and  bioluminescent response.  (Deng, X., et al.,2005) studied a genetically 

engineered Escherichia coli SE5000 strain for Nickel uptake from contaminated site.Unmodified E.coli 

absorbed 1.62 mg/g of Ni2+  while genetically modified strain had enhanced potential of 7.14 mg/g Ni2+ 

binding.Micro organisms like Flavobacterium, Pseudomonas, Bacillus, Arthrobacter, Corynebacterium, 

Methosinus, Rhodococcus, Mycobacterium, Stereum hirsutum, Nocardia, Methanogens, Aspergilus niger, 

Pleurotus treatus, Rhizopus arrhizus, Azotobacter, Alcaligenes, Phormidium valderium, Ganoderma 

applantus  play important role in heavy metal remediation.Lots of literature are available for bioremediation 

of poly aromatic hydrocarbon and various heavymetals by ordinary as well as genetically modified organisms. 
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5. BIOMINING: 

“Fig.10” 

 

“Figure 10”Gold Biomining 

 

Biomining is the process in which valuable metals are extracted from their sulphidic ores or concentrates 

using micro organisms exploiting their metal chelating effect. Currently  biomining is used  to leach copper 

sulfides and as an oxidative pretreatment for refractory gold ores.It is also used to recover other base metals, 

such as cobalt, nickel and zinc. Recent developments include  acidophiles to process electronic wastes, to 

extract metals from oxidized ores, and to selectively recover metals from process waters and ,solid waste 

piles,waste streams.The common micro organisms used for biomining are acidophilic chemolithotrophic 

bacteria and archaea .( Johnson, D. Barrie et al.,2014). Biohydrometallurgy is an allied  field using the 

biomining technique in the  very rapidly growing  mining industries sector for processing of ores .Copper 

has a wide range of industrial applications.Copper is  separated from heaps or dumps or stockpiles by 

bioleaching. Bioleaching is the conversion of an insoluble valuable metal into a soluble form by means of 

microorganisms.On the other hand bio oxidation is a different process that involves separation of refractory 

ores in large-scale stirred-tank which moves onto further processing steps.Other than gold and copper 

metals, biomining is also used to produce cobalt, nickel, zinc, and uranium.( Schippers, Axel, et al..2013) 

 

6. GREEN TECHNOLOGY: 

 (Tymoshok et al.,2019), studied the Nano-Se as effective drug carrier using the bacterial 

synthesis method.His study used Bacillus subtillis strain IMV B-7392.He found that Nano Se did not exhibit 

any bacteriocidal or bacteriostatic effects on his culture. Moreover,he observed increase in yield of bioactive 

components of B.subtillis strain when cultured with optimum doses of Nano Se.Nano sized metal particles 

are  unique and have peculiar properties physically,chemically and biologically compared to their parent 

metals due to their highly specific surface to volume ratio and have high stability and tensile strength. AgNPs 

(silver nano particles) have been mostly  used in  textiles, computer keyboards, wound dressings,  biomedical 

devices , healthcare- products ,  medical device coatings, optical sensors, and cosmetics.They have a wide 

range of applications in various fields like  pharmaceutical industry, drug delivery, as anticancer agents , in 

diagnostics, orthopedics, , and  the tumor-killing  anticancer drugs,the food industry. Silver nano particles can 

be synthesised either by top down or bottom up methods. The various methods of synthesis include electro 

chemical methods, biological methods using plant extracts, fungi, certain biomolecules like vitamins and 

amino acids ,physical methods like sonicator decomposition,grinding,etc..Among the biological 

methods,bacterial synthesis of AgNPs are most promising dueto their biocompatibility and cost effectiveness 

implementing green technology.Various bacterial species for synthesis of nano particles in recent trend are 

Brevibacterium casei , Escherichia coli, Lactobacillus strains, Bacillus licheniformis , Pseudomonas 

stutzeri AG259. (Zhang, Xi-Feng, et al.,2016) 
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7. TOXICOLOGY STUDIES: 

 Stannous chloride is used as a reducing agent in the labelling procedure of radio nuclides like 

Technetium-99m (99mTc) used in nuclear medicine.It has been observed that Stannous chloride shows 

immense cytotoxic and genotoxic hazardous effects on biological systems. ( Cekic, Betul, et al.,2012) studied 

anti toxic effects induced by E. coli ATCC 25922 in Broccoli extract. Broccoli extract showed protective 

strategy against the toxic effect of Stannous chloride on E. coli ATCC 25922  and hence applicable on patients 

who took 99mTc radiopharmaceuticals to reduce Sn cl2 toxicity.In the study by ( Pattanayak, Sutanuka, et 

al.,2016) Gold nanoparticles (AuNPs) synthesised from natural resin ,Lac formed biodegradable fluorophore 

that can be used in anti toxic effects  and antimicrobial tests against bacteria. (AuNPs) showed promising 
results in anti bacterial activities thus ensuring non toxic safety level of the gold nano particles to be used in 

clinical applications in medical field.( Peng, Xinhong, et al.,2020) found a new approach in 

TCH(Tetracycline hydrochloride- an antibiotic pollutant) removal using MET -Microbial electrochemical 

technology. They found  Thauera , Bdellovibrio bacterial species to be more potent  in degrading TCH when 

Glucose was used in the culture media.( Aleshina, E. S,et al.,2013) studied toxicity of Mercury ions(Hg) and 

capability of  Unitiol as an antidote using two strains of bacteria Escherichia coli, E.coli luxCDABE and E.coli 

pmerluxCDABE  and showed positive results for Unitiol.”Fig.11” ”Fig.12” 

 

“Figure 11 &12” Images of Bacteria 

8. ENERGY SECTOR: 

 Anaerobic digestion of waste biomass,agricultural residues,industrial waste,municipal solid 

waste,waste streams result in bio gas formation which consists of methane mainly.Bio gas is a promising 

aspect to generate Combined Heat and Power(CHP).A rich biodiversity of bacterial species are involved in 

anaerobic digestion to synthesise valuable by products. Methanogenic bacteria can produce methane as the 

main product; A wide array of methanotropic bacteria thrive on methane as the carbon source for living and  

have potential of biological gas-to-liquid conversion of AD-derived biogas. (Henard, Calvin A., et al.,2018) 

studied pyruvate dehydrogenase mutant  strain to obtain maximum yield of lactate from bio gas under 

continuous cultivation compared to batch cultivation. ( Werner, Jeffrey J., et al.,2011) used brewery waste 

water treated  with 112 samples for one full year time scale  in nine large scale bio reactors and observed their 

bioreactor performance. ( Niessen, Juliane, et al.,2004) studied various  polyaniline compounds in their 

performance as an electrode modifier. The study analysed the role of polyanilines in  the catalytic activity of 

platinum towards the oxidation of hydrogen, product of the anaerobic microbial metabolism.The results 

obtained clearly supported poly(2,3,5,6-tetrafluoroaniline) to be more potent in microbial aggressive areas 

like sewage treatment plants and sludge. Microbial fuel cells (MFCs) provide platform for sustainable 

production of bio energy from waste stream.MFCs work on range of substrates like carbohydrates that are 

degraded by bacterial community which are diverse in nature.They choose different pathways to degrade 

different substrates.These bacteria use an anode as an electron acceptor and vary in their electricity producing 

capacity.( Rabaey, Korneel,  Willy Verstraete et al.,2005). ‘Exoelectrogens’are a community of bacteria 

comprising of α-, β-, γ- or δ-Proteobacteria, firmicutes and other clones that are used in sediment MFCs 

capable of exocellular electron transfer ( Logan, Bruce E., and John M. Regan et al.,2006) “Fig.13”,”Fig.14” 
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“Figure 13”&Figure 14 Bacterial cells in Electricity production 

 

9. BACTERIAL TRANSFORMATION: 

 (Linica Uday Jan 25, 2017) 

Bacterial transformation is the  process which horizontal gene transfer of exogenous genetic material is 

introduced into bacterial cell.Applications of bacterial transformation are : 

**to make multiple copies of DNA called DNA cloning. 

**to make large amounts of specific human proteins, for example human insulin, which can be used to treat 

people with Type I diabetes. 
** to genetically modify a bacterium . 

 

Bacteria are commonly used as host cells for making copies of DNA in the lab because they are easy to grow 

in large numbers. Their cellular machinery naturally carries out DNA replication and protein synthesis. 

 

Sepiolite,  is a natural nanofibrous silicate that exhibit  poor cell toxicity. It is a potential  nanocarrier 

for the non-viral and stable transfer of plasmid DNA into bacteria. (Castro-Smirnov, Fidel Antonio, et 

al.,2020) studied sepiolite/bacteria and sepiolite/DNA interactions and obtained sepiolite-based 

bionanohybrids that can be used in various sectors. (Duan et al.,2015) used human Lacto bacilli engineered 

to secrete GLP-1(1-37) and fed diabetic rats. GLP-1–secreting bacteria showed increased levels of Insulin 

secretion in those rats.”Fig.15” 

 

 
 

“Figure 15”Bacterial Genetics 
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10. QUORUM SENSING: 

 ( Zhang, Jingjing, et al.,2019 )Bacteria coordinate the expression of multiple virulence factors and 

formation of biofilms in cell density dependent manner, through a phenomenon known as quorum sensing 

(QS). The strategy of blocking the QS system and inhibiting the production of virulence factors is termed as 

quorum quenching (QQ). This strategy attenuates virulence without killing the pathogens, thereby weakening 

the  pathogen and postpone the evolution of QQ-mediated drug resistance. QQ strategies are  promising tools 

in fields such as medicine, aquaculture, agriculture and  pollution prevention areas. Various QQ enzymes and 

chemicals are used as QS inhibitors. ( Ivanova A., Ivanova K., Tzanov T. (2018))studied the QS pathways 

and how the inhibitors block the targeted gene expression and make the pathogenic  cells less virulent and 
thus lower the dose of antibiotics supplied to the host infected. ( Wu, Shengbo, et al.,2020) states an overview 

about mathematical modelling of QS applications in synthetic ecology and synthetic biology and studied 

autoinducer molecules like  acyl-homoserine lactones (AHLs), auto-inducing peptides (AIPs), autoinducer 2 

(AI-2) and indole in population-level control of bacteria, which can be used in  novel clinical therapies.  These 

auto inducer moleclues production involve QS communication between inter species bacterial community. 

Biofilm formation by bacteria is controlled by QS which in pathogenic bacteria cause chronic illness to 

humans. On the other hand Biofilm formation by useful bacteria can be exploited in many ways like waste 

water treatment, in PGPR used as bio fertiliser, bio pesticides. “Fig.16” 

 

 

“Figure 16” Quorum sensing in Biofilm formation 

11. SYMBIOSIS: 

 In nature, micro algae, cyano bacteria and various bacterial communities live in symbiosis helping 

each other.This mechanism is exploited for the increased biomass production of micro organisms which are 

used in agriculture for vegetative growth, in waste water treatment, for remediation purposes like nutrient 

removal, heavy metal removal,…  Mujtaba et al. (2017) studied the co culture of P. putida and  C. vulgaris in 

the removal of nutrients like phosphate, ammonium, and COD from waste water. (Amavizca ,et al.,2017) 

studied co culture of two PGPB, Azospirillum brasilense and Bacillus pumilus with Chlorella Sorokiniana 

and observed increased chlorophyll content, lipids and carbohydrates in the micro algal cells. Geries and 

Elsadany (2021), analysed the combined treatment of  Spirulina platensis  and P.stutzeri  a nitrogen fixing 

bacteria in onion plant and found positive results of enhanced growth, bulb quality.”Fig.17” 
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“Figure 17” Symbiosis between Micro algae and Bacteria 

 

12. CURRENT AND FUTURE PERSPECTIVES: 

 From the review it is clear that Lakhs of beneficial bacteria are involved in various sectors like 

electricity production, in fuel cells, biogas production, alcohol fermentation, biopolymer production, 

agriculture, biomining, bioremediation, nano science, therapeutic purposes, etc., Apart from this, organisms 

are genetically engineered to yield more potent organisms increasing productivity. Also pathogenic bacterial 

strains yield useful products in some cases. For example, Pseudomonas Aeuriginosa is a terrific pathogen 

infectious to plants, animals and humans. But the organism is a potent producer of Rhamno lipid biosurfactant 

which has huge applications in various fields. Biosurfactants, due to its amphibilic nature and capability to 

reduce surface tension or interfacial tension it is used in remediation of heavy metal contaminated soil, 

enhancement of oil extraction in refineries, increasing bioavailability of nutrients like Phosphorous in 

rhizosphere in agriculture, due to its emulsifying nature utilised in food preservation industry, due to its 

antimicrobial activities has its footsteps in medicinal field also. So, both beneficial, pathogenic, genetically 

modified bacterial species are present in all walks of humans. But there are  still plenty to explore in the 

bacterial ocean.  

 

13. CONCLUSION: 

  Although there may be a million bacterial species in 10 grams of rich soil, we know very little about 

many species that are unidentified. Unlike other organisms, they are available in plethora and we have 

explored only a handful in ocean. Due to their infiniteness, they can be exploited to higher degrees and make 

them renewable energy source platform in every walk of life . Bacteria have evolved all manner of adaptations 

to live in every habitat on Earth. But unlike plants and animals, which can be preserved as fossils, bacteria 

have left behind little physical evidence of their evolution, making it difficult for scientists to determine 

exactly when different groups of bacteria evolved. Now scientists have devised a reliable way to determine 

when certain groups of bacteria appeared in the evolutionary record. The DNA technique could be used to 

identify when significant changes occurred in the evolution of bacteria, and to reveal details about the 

primitive environments that drove such changes in the first place which might help in biodiversity 

conservation of other species in Earth. These bacterial organisms which are 100 times less visible to human 

eyes, can occupy drastic roles in the climate change by their involvement in bio geo chemical cycles. When 

biodiversity of various species declines due to climate change, the other species that are left will go up in 

numbers, and the organisms that infect them also will go up in numbers. This means that there is a larger 

chance for them to jump to humans, which are a vast and untapped resource. 
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