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Microbiomes, which are the varied groups of
microorganisms inhabiting different environments,
are essential to the existence of life as we know it. The
term " Microbiomes," originates from the Ancient
Greek words mikros (small) and bios (life), referring to
the minuscule organisms found in places like the
human body, plants, soil, and oceans. Traditionally,
we viewed microbes primarily as harmful agents.
However, our perception has evolved in recent years.
We now recognize that these minute life forms are not
just vital for our health but also hold the potential to
address some of the planet's most significant issues.
This is the domain of microbiome bioengineering —a
captivating new field aimed at modifying these
communities to enhance health, agriculture, and
environmental sustainability.

The Microbiome: A Hidden World of Influence

Microbes often have a negative connotation.
For many years, they were mainly linked to illness and
infections. However, not all microbes are detrimental.
In reality, the human body is home to trillions of
microorganisms —bacteria, fungi, parasites, and
viruses —that commonly coexist harmoniously with
us. Sometimes referred to as ‘"bugs," these
microorganisms are so essential to our physiology that
some scientists consider them a "supporting organ."
They fulfill critical functions in digestion, immune
responses, and even mental well-being. Curiously,
each person's microbiome is distinct. It is influenced
by our genetic makeup, environmental factors, and
dietary choices. An infant encounter its first microbes
during birth and through breast milk from its mother.
As individuals age, their microbiomes continue to be
shaped by their diet and surroundings, influencing
whether these microbial communities serve to shield
us from or expose us to certain diseases.

Microbiome Bioengineering

Bioengineering, often referred to as
biotechnology  engineering, involves applying
engineering principles to manipulate living

organisms. In relation to microbiomes, bioengineering
entails fine-tuning these microbial communities with
the aim of improving health, agricultural practices,
and environmental conservation. The primary goal is

to modify these miniature ecosystems to devise
innovative solutions to some of the world’s most
urgent challenges.

Researchers are investigating microbiome
bioengineering across three primary areas:

1. Health Applications: Engineering Microbes
for Enhanced Well-being

The human gut microbiome plays a crucial role
in digestion, immunity, and even cognition. Scientists
are currently exploring ways to alter this intricate
ecosystem to treat various diseases and promote
overall health.

Probiotics and Engineered Microbes: Most people are
familiar with probiotics — beneficial bacteria present in
yogurt and other fermented products. Common
strains include Lactobacillus, Bifidobacterium, and
Saccharomyces boulardii, each providing distinct
health benefits:

e Lactobacillus: Found in yogurt and fermented
foods, this strain helps alleviate issues such as
diarrhea and lactose intolerance.

e Bifidobacterium: Present in certain dairy
products, these bacteria can aid in reducing the
symptoms of irritable bowel syndrome (IBS).

e Saccharomyces boulardii: This yeast-based
probiotic assists in combating diarrhea.

Researchers are advancing this concept by
engineering probiotics to perform specialized tasks.
Imagine a microbe capable of detecting early
indications of cancer or dementia by identifying
specific biomarkers in the body. These engineered
probiotics could transform how we diagnose and
prevent conditions, addressing them long before they
escalate.

Microbiome Transplants and CRISPR: Another
method involves microbiome transplants, such as fecal
microbiota transplants (FMT), which have shown
potential in treating persistent infections like
Clostridioides difficile. With the introduction of CRISPR
technology, we can now precisely edit the genomes of
these microbial communities, leading to targeted
therapies that are more effective and safer.

AgriTech Today - Volume 2, Issue 7 (October, 2024) 20

AgriTech
(s -mr Today
=l


https://agritechpublication.com/
mailto:tripathiakanksha2007@gmail.com

https://agritechpublication.com

Article ID: 240207007

2. Agricultural Applications: Enhancing Crop
Yields and Sustainability

The soil microbiome is vital for healthy plant
development. Microorganisms in the soil aid plants in
nutrient absorption, shield them from pests, and
improve resilience to environmental stressors.
Bioengineering these microbial communities could
revolutionize the agricultural sector.

Biofertilizers and Biopesticides: Scientists are
creating bioengineered microbes that function as
biofertilizers, making nutrients such as nitrogen and
phosphate more accessible to plants. This practice
diminishes the reliance on chemical fertilizers, which
can be costly and damaging to the ecosystem.
Similarly, engineered microbes can act as
biopesticides, providing natural protection for crops
against pests and diseases by outcompeting harmful
pathogens.

Climate-Resilient Crops: As climate change poses a
severe threat to agriculture, researchers are focusing
on engineering microbial communities to help crops
withstand extreme weather, drought, and poor soil
quality. Certain microbes can assist plants in
regulating genes related to stress or enhancing water
absorption, making crops more resilient and securing
food production in shifting climate conditions.

3. Environmental  Applications:
Microbes for Planetary Restoration

Utilizing

Microbiome engineering goes beyond human
health and agriculture; it is also crucial for protecting
our environment. Microbes can be valuable allies in
combating pollution and climate change.

Bioremediation and Pollution Control: Some
microbes possess the ability to degrade pollutants
such as oil, heavy metals, and even plastics. This
process, known as Dbioremediation, employs
bioengineered microbes to cleanse contaminated

by capturing and storing atmospheric carbon dioxide.
By enhancing these microbes' carbon-capturing
capabilities, scientists aim to increase carbon
sequestration, thus contributing to climate change
mitigation. Additionally, bioengineered algae are
being explored for biofuel production, which could
serve as a renewable energy source and lessen our
dependence on fossil fuels.

The Future of Microbiome Bioengineering

The scope of microbiome bioengineering is
vast. According to a report by Grand View Research,
the global market for microbiome therapeutics was
valued at $379.1 million in 2022 and is projected to
grow at an impressive rate of 37.7% annually from
2023 to 2030. This surge in growth indicates a rising
interest and investment in microbiome-based
solutions for health, agriculture, and environmental
issues.

However, caution is necessary. The intricacy of
microbial ecosystems means that altering one aspect
may have ripple effects on others, potentially resulting
in unexpected outcomes. Additionally, introducing
engineered microbes into the environment raises
ethical and safety considerations. Strong regulations
and ongoing research are essential to ensure the

responsible  application of these  powerful
technologies.
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Carbon Sequestration: Microbes found in soil and
oceans play a significant role in the global carbon cycle
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