CRISPR/CAS9

GENOMICS

UNLOCKING THE POWER OF PROKARYOTES

INTRODUCTION

CRISPR/Cas9 technology has emerged as a revolutionary tool in the field
of genetics and biotechnology, allowing for precise and targeted editing
of the genome of various organisms, including bacteria. This technology
has been widely used in a variety of applications, such as the development
of new medicines, improvements in agriculture, and the production of
biofuels. In this article, we will explore a multitude of examples of how
CRISPR/Cas9 technology has been used to edit the genome of bacteria.
This showcase demonstrates the versatility and potential of this
technology, highlighting its impact in various fields. Whether it's for
creating bacteria with desirable metabolic activities, correcting genetic
mutations, or developing new methods for biofuel production,
CRISPR/Cas9 technology has proven to be an indispensable tool in
modern biotechnology.

RESEARCH

Re-sensitisation of antibiotic-resistant bacteria:

With the help of CRISPR/Cas9 technology, researchers are able to target
and modify bacterial genes responsible for resistance to one or more
antibiotics. Jun-Seob Kim et. al. were successful in re-sensitising antibiotic-
resistant E. coli that harboured extended-spectrum [3-Lactamases. (Kim et
al, 2016)

Research and Development:

One area where CRISPR/Cas9 is making a signhificant impact is the development of hew research tools for
studying bacterial biology and the molecular mechanisms underlying bacterial pathogenesis. By using
CRISPR/Cas9 technology, scientists can introduce specific mutations into the genome of bacteria, allowing
them to study the effects of these mutations on bacterial growth and behaviour. This can provide valuable
insights into the molecular mechanisms underlying bacterial pathogenesis, and help researchers to identify
new targets for the development of antibacterial therapies. (Hille & Charpentier, 2016)

FOOD & AGRICULTURE:

Enhancement of plant resistance to pests and disease:

Agrobacterium is a type of bacteria used to deliver DNA into plants. It can also be used to deliver CRISPR/Cas9
into plant cells and target the modification of the plant's genome. The bacteria serve as cost-effective and
efficient vectors for delivering disease and pest resistance traits to crops. The ability to enhance plant
resistance through use of CRISPR/Cas9 represents a significant advancement in the field of agriculture and has
the potential to have a profound impact on food security and sustainability. (Jiang et al, 2013)



Development of new biopesticides:

By modifying the genes in bacteria that control pest resistance, CRISPR/Cas9
can be used to develop new biopesticides that are safe and effective
alternatives to traditional chemical pesticides. (Pazmino-lbarra et al, 2019)
Improving food preservation:

Through use of CRISPR/Cas9 to modify the genes in bacteria that control

spoilage and spoilage resistance, preservation of food products can be
improved.

THERAPEUTICS & DIAGNOSTICS:

Development of new diagnostic tools:

CRISPR/Cas9 can be used to develop nhew diagnostic tools that can detect
the presence of specific bacterial and viral pathogens.

Development of new vaccines & immunotherapies:

Immunotherapy approaches to treating human diseases have grown

immensely over the past 10 years. One potential application of CRISPR/Cas9 in immunotherapy is to engineer
bacteria to produce proteins or molecules that can activate the immune system to recognize and attack
cancer cells. For example, researchers have used CRISPR/Cas9 to modify the genome of bacteria to produce
proteins that activate T-cells, which play a critical role in fighting cancer.

Another approach is to use CRISPR/Cas9 to modify the genome of bacteria to produce molecules that can
inhibit or suppress the immune system. This approach could be used to treat autoimmune diseases, where the
immune system attacks healthy cells in the body. By modifying the genes in bacteria associated with the
human immune system, it may be possible to develop new immunotherapies that can selectively target and
regulate the immune response. (Chowdhury et al, 2019)

Development of new cancer treatments:

CRISPR/Cas9 can be used to develop new cancer treatments, such as bacteria-based cancer vaccines. These
vaccines use live bacteria to stimulate the immune system to recognize and attack cancer cells. By modifying
the genes in these bacteria, researchers can increase their ability to trigger an immune response against cancer
cells. (Abedi et al., 2022)

Modification of the oral microbiome:

CRISPR/Cas9 can be used to prevent tooth decay, gum disease, and oral cancer. The oral microbiome is a
complex ecosystem of microorganisms that inhabit the mouth, including bacteria, fungi, and viruses. These
microorganisms play a crucial role in maintaining oral health, but imbalances in the microbiome can lead to a
range of oral diseases, including tooth decay, gum disease, and oral cancer. CRISPR/Cas9 gene editing
technology has the potential to modify the genes in oral bacteria to prevent and treat these diseases.

Tooth decay is caused by the production of acid by bacteria in the mouth that erodes the enamel on the teeth.
By modifying the genes in these bacteria, researchers can reduce their ability to produce acid, thereby
preventing tooth decay. For example, researchers have used CRISPR/Cas9 to modify the genome of the
bacterium Streptococcus mutans, which is a major contributor to tooth decay, to prevent it from producing
acid. (Cong T et al., 2018)



Modification of the gut microbiome:

By modifying the genes in gut bacteria, CRISPR/Cas9 can be used to
improve gut health and prevent diseases such as inflammatory bowel
disease, obesity, and colon cancer. (Gouba et al, 2019)

Development of new anti-inflammatory treatments:

By modifying the genes in bacteria that are associated with inflammmation,
CRISPR/Cas9 can be used to develop new anti-inflammatory treatments for
conditions such as rheumatoid arthritis and psoriasis.

Development of new probiotics:

By modifying the genes in bacteria that are associated with beneficial

properties, CRISPR/Cas9 can be used to develop new probiotics with
improved health benefits. (Mimee et al, 2015)

THE ENVIRONMENT:

Bioremediation:

By modifying the genes in bacteria that control the degradation of specific pollutants, CRISPR/Cas9 can be
used to improve bioremediation technologies for cleaning up contaminated environments. Ref 7.

Production of biodegradable plastics:
By modifying the genes in bacteria that interact with certain plastic polymers, CRISPR/Cas9 can be used to
improve the efficiency of plastic manufacturing and recycling and reduce environmental waste. Si Liue et al

were able to synthesise the biodegradable polyester polyhydroxyalkanaotes in Pseudomonas putida using
CRISPR/Caso.

SYNTHETIC BIOLOGY

Biofuel production:

By modifying the genes that control metabolic pathways in bacteria, CRISPR/Cas9 can be used to increase the
efficiency of biofuel production.

Fine chemical production:

By editing specific genes in bacteria, CRISPR/Cas9 can be used to improve the production of fine chemicals,
such as enzymes, proteins and other products used in the pharmaceutical and food industries. Ref 11



CONCLUDING REMARKS

CRISPR/Cas9 technology has proven to be a powerful tool in the field of genetics and biotechnology,
particularly in the editing of the genome of bacteria. The examples explored in this article demonstrate the
versatility and potential of this technology, highlighting its impact in various fields such as medicine,
agriculture, and biotechnology. As research and development in CRISPR/Cas9 technology continues to
advance, it is likely that even more innovative and impactful applications will emerge, further advancing our
understanding of genetics and the potential to treat and cure diseases. The use of CRISPR/Cas9 technology in
the editing of the genome of bacteria is a testament to the progress that can be achieved through
collaboration and innovation in science and technology.

ERS Genomics has partnered with several industrial partners to enable them to manipulate bacteria with
CRISPR/Cas9 and commercialize their innovative applications.

As the global licensing leader for CRISPR/Cas9, ERS Genomics is the first port of call when developing a
commercial or research application using CRISPR/Cas9. This applies whether you're a new biotech start-up or an
established life sciences organisation.

We have already completed more than 100 licence agreements across a range of life science sectors and make
patent rights available in more than 80 countries - the most comprehensive collection of proprietary rights to
CRISPR/Cas9 available.

Talk to us today to discuss your licensing needs and let our experienced team help you to leverage the power of
CRISPR/Cas9.
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