WORLD JOURNAL OF PHARMACEUTICAL RESEARCH

Coden USA: WJIPRAP Impact Factor 8.453
Volume 14, Issue 20, 209-216. Review Article ISSN 2277-7105

DEVELOPMENTS SYNTHETIC BIOLOGY: A SCIENTIFIC REVIEW
OF CURRENT DEVELOPMENTS AND FUTURE PERSPECTIVES OF
NEW TOOLS FOR SYNTHETIC BIOLOGY

Vedant Nalwar®*, Karan Pote?, Omkar Bende®, Sharad Avhad®, Sachin Hodgar®

*Dr Kolpe Institute of Pharmacy, Kolpewadi, Kopargaon.

ABSTRACT
Article Received on 20 Sept. 2025, ] ] ) ) ] ] )
Article Revised on 10 October 2025, Synthetic biology is a rapidly advancing field that aims to
Article Published on 16 October 2025,

_ improve crop traits and bio production through engineering
https://doi.org/10.5281/zen0do.17365847

principles, utilizing genetic circuits for Targeted modifications.
Current developments include improvements and expansions of
*Corresponding Author gene editing tools, creation of new biosensors and diagnostics,

Vedant Nalwar bioproduction, synthetic genomes, and computational tools.

Dr Kolpe Institute of Pharmacy, ] ] ) ) o .
Kolpewadi, kopargaon. This review explores the integration of artificial Intelligence
with synthetic biology in focusing on approaches like gene

editing, multi-omics analysis, and protein engineering. This

article provides an overview of the current state synthetic
How to cite this Article: Vedant Nalwar,

Karan Pote, Omkar Bende, Sharad Avhad, i i i i i i i

gach:‘n. ? dlgar. ,&2%25-’)' .f.Deéelo'pmeg: biology highlighting its key applications, challenges and further
ynt etic Bio ogy: clentific Review H H H H H H

Current  Developments ~ And  Future directions. We discuss the potential of synthetic biology to
Perspectives Of New Tools For Synthetic . . . . .

Biology. World Journal of Pharmaceutical revoluize industries such as agriculture, pharmaceutical and
Research, 14(20), XXX-XXX. . . . ]

This work is licensed under Creative energy and its rule in addressing global challenges include
(_Zommons Attribution 4.0 International

lEaee climate change, disease and food security.

KEYWORDS: Synthetic Biology, Gene Editing, CRISPR, Biosensors, Bioproduction,

Biotechnolgy, Bio based product, climate, disease, Food security and sustainability.

INTRODUCTION

Synthetic Biology - This field has made significant advances in engineering genetic circuits,
creating biosensors and bioproduction platforms, and developing gene editing tools, among
others. These advances have led to many potential applications in medicine, agriculture,

environmental monitoring, and energy production, among others.
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CRISPR i.e. Clustered regularly interspaced short palindromic

CRISPR is a bacterial defence mechanism that allows for precise editing of DNA sequences.
It works by using a small RNA molecule, known as a guide RNA, to locate a specific
sequence of DNA and then cutting the DNA at that site. This creates a double-stranded break,

which the cell then repairs by inserting or deleting genetic material.

CRISPR-Cas9 is a genome editing tool that enables scientists to precisely modify the DNA of

cells and organisms.
How does CRISPR work?

The CRISPR system consists of two main components:

1. Guide RNA (gRNA): A small RNA molecule that is programmed to recognize a specific
sequence of DNA.

2. Cas9 enzyme: An enzyme that cuts the DNA at the site specified by the gRNA.

In 2016, researchers at the J. Craig Venter Institute announced the creation of the first
synthetic organism, a bacterium with a completely synthetic genome (Hutchison et al., 2016).
Since then, researchers have continued to develop methods for creating synthetic organisms
with a wide range of potential applications, including producing biofuels, degrading
environmental pollutants, and developing new drugs (Church and Regis, 2014). The
discovery of CRISPR-Cas9 has led to a surge of research in the field of synthetic biology,
with applications ranging from creating disease-resistant crops to developing gene therapies
for genetic disorders (EI-Mounadi et al., 2020)

Current Developments In Synthetic Biology

Biosensors and Diagnostics

Biosensors have various applications in synthetic biology, including:
e Monitoring gene expression and protein production

e Detecting biomarkers for diseases

e Analyzing metabolic pathways

e Tracking cell growth and differentiation.

Diagnostics have various applications in synthetic biology, including:

e Identifying genetic disorders
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e Detecting infectious diseases
e Monitoring disease progression

e Developing personalized medicine.

For example, researchers have developed biosensors that can detect heavy metals in water
(Xue et al., 2022), diagnose bacterial infections (Park et al., 2013), and detect cancer cells
(Yildizhan et al., 2023). Biosensors and bioassays are increasingly being developed and
utilized for disease diagnosis and monitoring. One study developed a biosensor for early
detection of Alzheimer's disease, with high sensitivity and specificity (Suprun et al., 2014).
Another study developed a biosensor for detecting circulating tumor cells in blood samples,

which could have significant implications for cancer diagnosis and treatment (Li et al., 2021).

Bioproduction

Synthetic biology is being used to develop new bioproduction platforms for the sustainable
production of chemicals, materials, and fuels. Researchers have engineered microbes to
produce biofuels (Nielsen and Keasling, 2016), bioplastics (Kim et al., 2022), and other
valuable products (Christen et al., 2015). Additionally, synthetic biology is being used to
create new bioremediation tools for environmental cleanup (Saeed et al., 2021).

Synthetic biology is being utilized to optimize bioproduction, with potential applications in
biomanufacturing and bioremediation. One study engineered a strain of E. coli to produce a
high yield of 3-hydroxypropionic acid, which can be used for biodegradable plastics and
other applications (Kim et al., 2020). Another study developed a bioremediation system using
genetically modified bacteria to remove harmful chemicals from soil (Dash & Osborne,
2023).

Synthetic Genomes

Research on synthetic genomes continues to progress, with efforts focused on designing and
building genomes from scratch. For example, researchers have created synthetic yeast
chromosomes (Zhang et al., 2023) and are working to build entire genomes of organisms
such as bacteria and algae (Ausléander et al., 2017). The development of synthetic genomes
has the potential to revolutionize synthetic biology, enabling the design and construction of
entire organisms with desired characteristics. In one recent study, researchers successfully
synthesized a yeast genome, marking a significant milestone in synthetic biology (Zhang et

al., 2023). Another study explored the ethical considerations surrounding the creation of
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synthetic organisms, highlighting the need for responsible research and development (Wang
& Zhang, 2019).

Computational Tools

Advances in computational tools are enabling the design and optimization of genetic circuits
and synthetic organisms. Researchers are using machine learning algorithms to design and
predict the behavior of genetic circuits (Nielsen et al., 2016) and to optimize bioproduction
systems (Li & Lin et al., 2021). Additionally, new software tools are being developed to aid
in the design and testing of synthetic organisms (Galdzicki et al., 2014). Computational tools
are essential for the design and optimization of synthetic biological systems. One study
developed a computational platform for genetic circuit design, enabling the rapid prototyping
and optimization of genetic circuits (O’Connell et al., 2023). Another study developed a m
achine learning approach for predicting optimal metabolic pathways in E. coli, which could

lead to more efficient bioproduction processes (Baranwal et al., 2020).

Biosafety and biosecurity

As synthetic biology advances, it is essential to ensure that safety and security measures are
in place. One study explored the potential for engineered viruses to be used as bioweapons,
highlighting the need for increased biosafety and biosecurity measures (Goyal et al., 2022).
Another study developed a framework for evaluating the safety and security risks of synthetic
biology applications, providing a valuable tool for researchers and policymakers (Pinheiro et
al., 2016).

Gene Editing Tools

CRISPR-Cas9: CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats) is a
bacterial defense mechanism that has been repurposed for gene editing. CRISPR-Cas9 is a
specific type of CRISPR system that uses a small RNA molecule to locate a specific

sequence of DNA and cut it, allowing for precise editing of genes.

TALENSs (Transcription Activator-Like Effector Nucleases): TALENs are a type of gene
editing tool that uses a DNA-binding protein to recognize a specific sequence of DNA and
cut it. TALENS are similar to CRISPR-Cas9 but use a different mechanism to recognize and
cut DNA.
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ZFNs (Zinc Finger Nucleases): ZFNs are a type of gene editing tool that uses a zinc finger

protein to recognize a specific sequence of DNA and cut it. ZFNs are similar to TALENSs but

use a different mechanism to recognize and cut DNA.

FUTURE PERSPECTIVE OF SYNTHETIC BIOLOGY

Biotechnology and Bioengineering

1.

Bio-based manufacturing: Synthetic biology can enable the production of bio-based
products, such as biofuels, bioplastics, and biochemicals.

Gene therapy and regenerative medicine: Synthetic biology can be used to develop new
gene therapies and regenerative medicine approaches.

Synthetic genomics: Synthetic biologists can design and construct new genomes, enabling

the creation of novel organisms with specific functions.

Agriculture and Food Security

1.

Precision agriculture: Synthetic biology can enable the development of precision
agriculture technologies, such as genetically engineered crops and livestock.

Synthetic biology-based crop improvement: Synthetic biologists can use gene editing and
other technologies to improve crop yields, disease resistance, and nutritional content.
Alternative food sources: Synthetic biology can be used to develop alternative food

sources, such as lab-grown meat and fish.

Environmental Sustainability

1.

Bioremediation: Synthetic biology can be used to develop microorganisms that can clean
up environmental pollutants.

Carbon capture and utilization: Synthetic biologists can develop microorganisms that can
capture and convert CO2 into valuable chemicals and fuels.

Sustainable bioenergy: Synthetic biology can enable the development of sustainable

bioenergy technologies, such as advanced biofuels and biogas.

Human Health and Medicine

1.

Personalized medicine: Synthetic biology can enable the development of personalized
medicine approaches, such as tailored gene therapies and precision diagnostics.
Synthetic biology-based diagnostics: Synthetic biologists can develop novel diagnostic

tools, such as biosensors and biochips.
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3.

Cancer therapy: Synthetic biology can be used to develop novel cancer therapies, such as

genetically engineered T cells and cancer-killing bacteria.

Biosecurity and Biosafety

1.

Biosecurity: Synthetic biology can raise biosecurity concerns, such as the potential for
bioterrorism and the misuse of synthetic biology technologies.
Biosafety: Synthetic biologists must ensure that their research and applications are safe

and do not harm humans, animals, or the environment.

However, it is crucial to continue to explore the ethical and social implications of these

technologies and to ensure that safety and security measures are in place to prevent any

negative consequences.
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