CRISPR Antibiotics: Turning
Defence into Offence
CRISPR/CAS9 TO OVERCOME ANTIBIOTIC-RESISTANT AND
PATHOGENIC BACTERIA

INTRODUCTION
Antimicrobials are commonly deployed in animal production all over the
world, not only to improve animal health and welfare, but also to increase
animal growth rates and productivity. Antimicrobial usage, on the other
hand, can contribute to the formation of resistance as well as the spread of
resistant genes and bacteria between species.
In just 2010, 57,334 metric tonnes of antibiotics were used in livestock
production worldwide which is significantly more than the level of human
consumption (15). This number is set to rise to over 180,000 tonnes by 2030.
In addition to treating sick animals with antibiotics, antibiotics are
commonly administered to healthy animal feed and drinking water to
prevent illness.
Antimicrobials that are both efficient and cost-effective are crucial for
animal health, animal welfare, and food security. Some implications of
antibiotic resistance include reduced food security, increased food safety
concerns, large economic losses for farm households, and especially
pollution of the environment.

ANTIBIOTIC
USAGE
Almost 80% of all
antibiotics in the United
States aren't taken by
people.

Colistin, a key last-line
antibiotic for treating
serious infections in
humans, is one of the
most extensively used
antibiotics in animal
production across the
world to enhance the
development of livestock,
particularly pigs (16, 17).

The CDC estimates that
the cost of antimicrobial
resistance is $55 billion
every year in the United
States alone, $20 billion
for health care and
about $35 billion for loss
of productivity.

The amount of antibiotics used locally is reflected in the distribution of
antibiotics in water sources, which varies dramatically across time of year
and locality. The effluent from antibiotic manufacturers, large-scale animal
farms, and hospitals is the primary cause of pollution in the aquatic
environment. Water conditions are fairly conducive to resistant gene
transfer (19).
Despite the fact that drug-resistant microbes are more commonly
observed in farms and hospitals, they can now be found in contaminated
water sources and the environment. Antibiotics and antibiotic resistance
genes from these bacteria have the potential to circumvent water
treatment facilities and return to the environment and human bodies (19).

“We typically think of antibiotics used as performance enhancers as being fed at a somewhat
lower dosage and for a longer period of time than for disease treatment… Of course, it raises
concerns about resistance issues” - Gay Miller: Veterinarian, University of Illinois

ANTIBIOTICS & RESISTANCE:
After Fleming, Florey and Chain's discovery and research into penicillin,
antibiotics soon became widespread in the veterinary and livestock world.
However, antibiotic misuse in these fields has aided the growth of multidrugresistant microorganisms (2).
Antimicrobial resistance is not a new phenomenon, with methicillin resistant
Staph Aureus (MRSA) first making its appearance in the 1960s. However it is a
problem that until recently has been sorely overlooked. Newly antibioticresistant strains of bacteria are rapidly emerging, whilst progress in new
antibacterial compounds is continuing at an astonishingly slow pace. This
poses a huge danger to veterinary medicine and staple livestock, as modern
medicine's capacity to cure and prevent diseases is becoming fruitless
against resistant pathogens.
Furthermore, many antimicrobial drugs lack specificity, causing antibioticassociated illnesses by killing pathogenic and useful non-pathogenic
bacteria alike (3,4). This emphasizes the crucial need for new therapies that
avoid existing medication resistance while also increasing selectivity (5).
CRISPR/Cas9 systems that target bacteria and antibiotic resistance genes are
being investigated as exciting novel prospective antimicrobials to achieve this. As aforementioned, antibiotics
also have a large toll on the environment from their release through agricultural and medical effluent, however
this affect isn’t seen with CRISPR/Cas9 based antimicrobials. As the CRISPR/Cas9 complex is released into the
host upon bacterial cell death, it is recognised as foreign by Cas9 specific antibodies and degraded by the hosts
immune system, never leaving the animal or individual being treated (20).

CRISPR/CAS9
CRISPR/Cas systems can be programmed to target practically any DNA
sequence of interest. CRISPR/Cas9 has the potential to be utilized as an
antimicrobial, with the goal of removing undesired genetic characteristics
in microbes (6).
CRISPR/Cas9 is known for its target specificity, which can allow it to
distinguish between commensal and harmful microorganisms, something
modern antibiotics cannot do. Antibiotic resistance, pathogenicity, and
critical pathogen genes may all be selectively targeted with guide RNAs
(8).

The aim of a CRISPR/ Cas9 antimicrobial can be to:
Induce bacterial cell death
Suppress the growth of a targeted bacterial species
Delete functional genes from pathogens
Delete or alter mobile elements like plasmids responsible for transfer
of antibiotic resistance

CRISPR/CAS9 METHODOLOGIES
CRISPR/Cas9 is currently being utilised as an antimicrobial through:
1. Recruiting a bacteria’s endogenous systems to deliver a self-targeting CRISPR array. Essentially programming
the bacteria to edit its own disease causing traits on its own chromosome or on a plasmid.
2. Delivering an engineered whole external targeting system to bacteria to remove resistance genes or
pathogenic traits (7).

SELF-TARGETING:

The host CRISPR/Cas9 system of one bacterial strain (Clostridioides difficile) was recently programmed for
self-targeting. This was done by delivering a chromosome-targeting CRISPR complex using a recombinant
bacterial virus. This study showed that through adding a self-targeting CRISPR payload, an increase in
bacterial cell death was observed in vitro. When mice were given this CRISPR therapy, C. difficile populations
decreased roughly 10 times in the intestines (10).
TARGETING BACTERIAL RESISTANCE GENES ON THE CHROMOSOME:
Often, the genetic information responsible for antibiotic resistance is encoded on the chromosomes.
CRISPR/Cas9 was effectively used to target chromosomally encoded antibiotic resistance genes in E. coli and
S. aureus, triggering cell death in both in vitro and in vivo models (9,11).
TARGETING BACTERIAL PLASMIDS:
Plasmids are an appealing target for drug resistance gene removal as they are often responsible for the
shared transfer of resistance within a strain population (9). Engineered CRISPR/Cas9 has been used in
ground-breaking research to target antibiotic resistance plasmids, revealing that doing so does not result in
direct bacterial cell death but rather in antibiotic sensitization due to plasmid loss (9,11).
CRISPR/CAS9 COMBINED WITH ANTIBIOTICS:

Antibiotics will always be a necessity, however due to their misuse, their efficacy is being drastically decreased
through resistance. Studies suggest that using CRISPR antimicrobials can be employed with even greater
success in a combination therapy with conventional antibiotics, bringing a multivalent approach to
antimicrobial resistance. An insect model infected with E. coli was first treated with CRISPR/Cas9 targeting an
antibiotic resistance gene (blaTEM-1). After administering CRISPR and an antibiotic (ceftriaxone), a 70% survival
rate was seen, compared to the 30% survival rate with antibiotic alone. (14)
CONCLUDING REMARKS:

Antibiotic resistance is a naturally occurring mechanism that can be delayed but not totally eliminated
since resistance is an unavoidable result of medication selection pressure. Antibiotics are the foundation of
modern medicine and they have made a significant contribution to the advancement of animal quality of
life and food production in the last half-century. The propagation of antimicrobial resistance must be halted
to ensure antimicrobials that are both effective and cost-effective and to maintain animal health, welfare,
and food security. CRISPR/Cas9 is a viable solution to overcoming antimicrobial resistance, however it will
require a combination of novel CRISPR therapeutics and global cooperation to further regulate the misuse
of antibiotics, reduce their usage and begin to reverse this issue.

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 startup 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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