
97

Animal ScienceBiospectra : ISSN: 0973-7057, Vol. 18(2), September, 2023, pp. 97-102

ISSN : 0973-7057

Bacteria: A multifaceted microbe

Abstract- In past few decades, expansion has clearly been observed in the field of microbiology. Bacteria are prokaryotic

organisms that have played crucial role in the upgradation of therapeutic industries. Morphological and genetic features makes

it suitable for various modifications and thus can be used according to the need. Though bacteria are cosmopolitan but it has

widely found to be present in symbiotic relation with the gut of animals. In the studies of gut microflora is has clearly been

found that it provides various health benefits to its host and these bacteria are  commonly categorized as probiotics. Expansion

of research have now revealed that some bacteria also has the ability to treat the diseases like cancer and diabetes. Apart from

this, it has also been reported that bacteria are able to naturally produce vitamins and antibiotics. Ability of  producing

extracellular enzymes makes them suitable even for textile, paper, food and beverage industries. In this paper an attempt has

been made to discuss the role of bacteria in varieties of fields and its contribution for the betterment of human lives.
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INTRODUCTION

Invention of microscope revolutionized the

understanding of living world by allowing the researchers

to explore their realms of the very small. It revealed the

intricate structure of organism that were previously invisible

to the naked eye such as bacteria cells and other microbes.

Such microscopic organisms are collectively known as

microbes.1,2 Among all types of microbes, bacteria are the

unicellular prokaryotic cells that are believed to be

cosmopolitan.3 Though there were preconceived notion that

they are harmful and cause damage but recent researchers

have revealed that they have beneficial properties as well

and thus now been in use for various fields like health,

food, textile etc.4,5 In this review an attempt has been made
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to explore the area where bacteria are playing crucial role

and ultimately providing benefits to the humankind.

Bacteria in pharmacology

Since bacteria have long been used in pharmacology,

it is now evident that they not only have a wide range of

importance but also useful applications. The thing that

cannot be overlooked is the ability of bacteria to produce

various extracellular enzymes.6 These enzymes helps in

the digestion of the food items that human consumes. Let’s

say cellulose, cellulose is a carbohydrate made-up of beta

glucose. Human body does not produce any enzyme to

digest this biomolecule.7 Here, in some studies it has been

reported that certain bacteria like Cellulomonas flavigena,

Terendinibacter turnerae, Bacillus spp. etc. can produce

enzyme cellulase that can digest the cellulose.8,9

In biotechnology, bacteria are widely used for

producing various antibiotics10-12 because the epigenetic
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modification and gene editing can easily be performed

using restriction endonucleases.13 It is important to note

that the specific genes involved in antibiotic production

may vary widely among different bacterial species and the

antibiotics they produce. As a defense mechanism, bacteria

naturally produce antibiotics to compete with other

microbes for resources. These natural producers of

antibiotics serve as a source of antibiotic producing genes

and pathways.14

 Bacteria are highly amenable to genetic

manipulation. Its gene can be modified through genetic

engineering to enhance desired antibiotic production or

engineered bacteria to produce antibiotics they would not

produce naturally.15,16 The possibility of success enhances

when bacterial strains used in antibiotic production are well

characterized and their genetic and growth condition are

well understood. This knowledge helps optimize production

processes and yield. The biggest and one of the most

pragmatic things is that bacteria can be cultured in a

controlled condition by maintaining optimum temperature,

pH, oxygen and nutrients supply.17,18

 Bacteria can be manipulated to produce high yield

of antibiotics making the process efficient and economically

viable. Overall, bacteria provide an effective and versatile

platform for antibiotic production by making it compatible

to produce the crucial components in large quantities for

medical use. However, it is essential to maintain strict

quality control and safety measures. Fecal microbiota

transplantation (FMT) is another technique that helps to

administer the fecal matter in the form of solution from

donor to the intestine of the recipient. This technique helps

to directly change the microbial composition of gut to

confer the health benefit. It is widely used in the treatment

of Clostridium difficile infection.19,20

Cancer treatment

Cancer is among the deadliest and one of the most

devastating diseases around the globe. Estimation says that

by 2030 more than 26 million people would be at high risk

of cancer.21 Though surgery, radiation therapy,

chemotherapy, immunotherapy etc. are in trend and solves

the issue to certain extent however, these treatments are

unable to completely eradicate cancerous cells.22  In such

case bacteria and its unique properties provides a new

dimension to explore for cancer treatment.

 In some reported studies by Guo et al. (2020)23 and

Duong (2019)24, it has been discovered that bacteria could

cause regression in tumors and along with that tumor

microenvironment (TME) itself favor the growth of such

bacteria. The bacterial based tumor therapies did not just

stop here. In recent studies of ‘tumor biotherapy’ bacteria

are found to be used as drug delivery vehicle and

modulators of immunity i.e., “immunomodulators.” Apart

from these, the unique property of disease site localization

as well as therapeutic agent production made it a boon for

pharmaceutic world.25,26 Another remarkable feature of

bacteria is to modify their genetic material according to

the requirements to produce specific toxin to initiate an

effective immune response that ultimately leads to tumor

regression.27

Some bacteria has also been reported to colonize in

various body sites specifically in mammals, such as skin,

the gut, the urogenital system and even the disease sites

i.e., tumor tissues Liang et al. (2022)28. Apart from this,

Zhu C. et al. (2021)29 has also been reported that for the

cargo delivery cell surface of bacteria can be loaded with

various nanomaterial and therapeutic agents. Beside this,

mini cells, outer membrane vesicle (OMVs) and

nanovesicle have been reported to have effective drug

carrying potential Ding et al., (2020)30. The bacterial strains

that are commonly used as anti-cancer agents are

Clostridium species, Salmonella species, E. coli species

and Listeria spp. Dróżdż et al., (2020)31.

An interesting finding has also been reported by Vivek

et al. (2016)32 which revealed that gut of a freshwater fish

Zacco koreanus bears are potent bacteria in its gut namely

Lactobacilli sakei. They stated that the isolated bacteria

have anti-diabetic and anti-melanogenic potential.

Moreover, it has also been stated that the isolated bacteria

Lactobacillus sakei displayed anti-cytopathic effect on

MDCK cell line and hence confirmed its antiviral efficacy

against influenza virus H1N1. Vivek opined that

Lactobacilli sakei that was isolated from the intestine of

Zacco koreanus might be suitable for pharmacological

preparation as an effective drug.

Probiotics

Gut of human being especially the intestinal portion

is loaded with diverse microflora that actually maintains

the healthy gut environment. Probiotics are live microbes

and considered as good or beneficial bacteria that can have

health benefits when consumed in adequate amount.

Probiotics helps in maintaining a balanced gut microbiota,

which plays a crucial role in digestion, nutrient absorption
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and prevention of gastrointestinal disorders. Such microbes

are believed to exert beneficial effect through other

mechanism as well, including production of bio-active

components or secondary metabolites, competitive

exclusion of harmful pathogens and by modulating the

immune system.33  Although probiotic contains a wide

variety of microbes but the most common among them are

bacteria belonging to the group of Lactobacillus and

Bifidobacterium.34

So far, the safety is concerned a number of Bacillus

species have also designated as GRAS (Generally

recognized as safe) by FAO (American Food and Drug

administration) helps in improvement of growth and

immunity in aquaculture.35,36  A promising result have been

shown by the probiotics for varieties of health purposes.

Benefits were reported in conditions like antibiotic

associated diarrhea, sepsis in infants and necrotizing

enterocolitis.37 Some bacterial strains were also claimed to

produce vitamins which is in harmony with the finding of

LeBlanc et al. (2015)38.

In animal husbandry it has been observed that animals

are generally reared in contaminated cages. Contamination

makes the animals susceptible to opportunistic diseases and

thus treated with heavy dose of antibiotics which is

ultimately harmful for humans. In various studies,

convincing evidence has also been presented which claims

to replace antibiotics with probiotics.39-41 This is because

of the fact that bacteria itself has the ability to produce

specific antimicrobial peptide known as “bacteriocins” that

acts as antibiotics. Some of the common examples of such

bacteriocins are Nicin A produced by Lactobacillus lactis,

Lactocin S by Lactobacillus sake, Enterocin by

Enterococcus facium etc.42,43

Bacteria and environment

A wide variety of microbes are present in the

environment depending upon their traits. Number of

bacteria successfully dwells not just in its favorable

condition but also in extreme environmental conditions i.e.,

Archaea. Bacteria serve a significant purpose of

maintaining the environment the biogeochemical cycle via

biodegradation in which microbes breaks organic matter

into simpler substances. There are certain bacteria that

perform an essential process of nitrogen fixation. Nitrogen

fixing bacteria are a group of microorganisms that plays a

vital role in nitrogen cycle by converting atmospheric

nitrogen gas (N
2
) into ammonia (NH

3
) or related

compounds. It is important to note that most plants cannot

use atmospheric nitrogen directly for its metabolic

processes. Some of the examples of such bacteria are

Rhizobium, Azotobacter etc.44,45

Study of Koshila (2019)46 suggested that some

bacteria also participate in weathering of rock influencing

soil composition and geological processes. Root

microorganisms are reported to promote mineral dissolution

by releasing ligands (siderophores and organic acid) that

affects the pH. Beside that Rhizosphere bacteria also

promote weathering activity performed by plants.

Inoculation of weathering bacteria in soil and plants in

combination with crushed rocks increases the fertility of

soil.47

Bacteria has multi-faceted impacts on the

environment affecting almost everything from nutrient

cycle climate regulation and ecosystem health. Woraruthai

(2020)48 and Zeikus (1977)49 suggested that bacteria can

also produce greenhouse gas (GHG) that is methane, which

is produced by methanogenic bacteria. So far, the aquatic

environment is concerned bacteria can also be seen to

exhibit benefits to the various aquatic system. Some aquatic

organisms have been reported to form symbiotic

relationship with bacteria. For instance, coral reefs depend

on symbiotic bacteria to help recycle nutrient and provide

energy to coral polyps.50

Industrial use

The ability of bacteria to produce extracellular

enzymes (ECE) makes them suitable for various industrial

uses. Different bacteria can produce different enzymes Ray

(2012)51 and Cheng (2020)52. For instance, catalase is an

enzyme produced by the bacteria like Bacillus,

Leuconostoc, Streptococci etc. Catalase is widely used in

fabric industry to remove excess hydrogen peroxide (H
2
O

2
)

from fabrics. This enzyme is extensively used for food

preservation as it eliminates the oxygen from wine before

bottling. Another enzyme that has been reported to be

produced by bacteria is cellulase. Cellulase is extensively

used in textile industry, paper and pulp industry and food

industries. Cellulase mediated extraction of juice is widely

used to get high yield and lessens the processing time and

heat damage.53,54

CONCLUSION

Diversity of microbes enables the researchers to

explore the fathoms of the possibilities in the field of

microbiology. The beneficial role that microbes play in field
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like health, food and beverage, paper and pulp industries

etc. has opened the idea to explore the more. Apart from

this, microbes like bacteria plays a significant role in

maintaining the balance in the environment and ultimately

in ecosystem. It is important to note that without these

bacteria decomposition process would also get severely

affected. Bacteria are cosmopolitan and can be found from

land to water (both fresh and marine).

The genetic make up of bacteria also make them

suitable for the epigenetic modifications and thus are been

used for antibiotics production and various disease

treatment. The bacteria have multifaced role and with keen

observation and studies new traits and strains of it can be

found which will ultimately be beneficial for humankind.
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