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Abstract: Research in microbiology is a dynamic and exciting field, and this review article outlines some recent
significant developments within microbiology including using shotgun metagenomics to uncover the connec-
tion between diet and lifestyle and superbug infections, the current state of Ebola virus diagnostic tests, and the
potential of treating superbug infections via innovative phage virus therapy as an alternative to antibiotics. This
review also explores two studies using the CRISPR gene editing technique, which has been a revolution within
microbiology. The first study undergoes genetic engineering of potatoes to improve their nutritional and indus-
trial applications, which has important implications in improving food stability as well as bolstering production.
The second study utilizes CRISPR to engineer bacteria to kill themselves on command, which is important to
prevent the excessive spread bacteria that are used for a variety of applications from eating plastic waste in the
environment to treating the diseased human gut. Engineering these so-called 'kill switch' allows these bacteria
to be utilized for their intended purpose without growing uncontrollably in the environment or in the gut.
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Diet and lifestyle determine our vulnerability
to resistant bugs

Antimicrobial resistance (AMR), that is viruses, bac-
teria and fungi that are resistant to antibiotics, is a
significant cause of morbidity and mortality world-
wide and it is projected that the consequences of
AMR will continue to worsen in the coming dec-
ades. Scientists estimate that in 2019 there were 4.95
million deaths worldwide in which AMR was a
causative factor, thus investigating ways to control
and combat AMR is an extremely important field
within microbiology research. The gut microbiome
has garnered attention for researching AMR circu-
lation within the population, since microbes present
in the gut carry antibiotic resistant genes (ARGs), of
which the total composition is called the human re-
sistome. The human resistome is affect by many fac-
tors, such as the living environment, climate
change, sanitation, and diet. Recent research by Ol-
iver et al aimed to better understand which dietary
and lifestyle factors are predictive of AMR in health
U.S. adults. They found that those who had a higher
fiber, more diverse diet had lower rates of ARGs,
indicating that diet may be a potential method for
reducing the future global burden of AMR (Oliver
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et al.,, 2022). This study utilized a technique called
shotgun metagenomic sequencing, which is an ex-
tremely valuable method that has transformed the
field of microbiology, as it allows researchers to ex-
haustively sample all genes in all organisms present
in a given diverse sample, such as fecal samples in
this case, without the need for traditional culturing
(Quince et al., 2017).

Gene editing potatoes for nutritional and in-
dustrial applications

Clustered regularly interspaced short palindromic
repeat (CRISPR)-Cas systems are well-character-
ized forms of acquired immunity systems that are
found in bacteria and archaea. They were first de-
scribed in 1987, when it was found that bacteria spe-
cies Escherichia coli had an unusual repetitive DNA
sequence in its genome. Since then, CRISPR-Cas-
based tools are widely regarded as the most reliable
tools for genome editing and engineering and has
created a revolution within the field of microbiol-
ogy (Ishino et al., 2018), with applications in a wide
range of topics such as gene editing to cure cancer
(Tiruneh G/Medhin et al., 2021), gene editing crops
to improve their resilience and growth (Mal-
lapaty, 2022), to learning more about the functions
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of unknown genes (Kwon et al., 2015). A recent
study by Toinga-Villafuerte et al utilized
CRISPR/Cas9-mediated mutagenesis to modify
starches in potatoes. The potato is the third most im-
portant food crop in the world after rice and wheat,
and is energy-dense, yielding four times more calo-
ries per hectare compared to grain crops, thus for
many countries it is considered a food security crop.
In addition to its nutritional value, potato starch is
utilized in producing processed foods, adhesives,
paper, and textiles. Thus, the team identified the im-
portance of the potato as a target crop for genome
editing for modifications to improve either its nutri-
tional qualities or for industrial applications. Starch
is composed of two types of polysaccharides: amyl-
ose and amylopectin, and the ratio of these will af-
fect the physical and chemical properties of the
starch as well as the nutritional properties. Alt-
hough amylose starches are currently used more in
products that target health-related nutritional

applications due to their lower glycemic index,
starches higher in amylopectin have more applica-
tions in relation to processed food and other indus-
trial applications, and in fact amylopectin-based
starches show much more promise for ethanol pro-
duction than those starches found in normal pota-
toes. Thus, this team used the CRISPR-Cas9 system
to generate an amylose-free potato by targeting the
GBSS alleles in the potato to eliminate amylose.
They found that the Yukon Gold variety of potato
yielded the best results and they successfully cre-
ated them amylose-free. The CRISPR-Cas system
has been a revolution in crop breeding, as conven-
tional breeding processes could take 10 to 15 years,
and gene editing has made that process much
shorter. It can prove to be indispensable in improv-
ing industry and securing the global food chain in a
world with a growing population (Toinga-Villa-
fuerte et al., 2022).
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Figure 1: Schematic of the overall process of genetic engineering to create amylose-free potatoes.

(Created with BioRender.com)

Treating superbug infections with viruses

As mentioned previously, antimicrobial resistance
(AMR) represents a major public health challenge
for the future and is associated with high mortality
rates and combined with the fact that there has been
a significant reduction in the discovery of new anti-
biotics to treat multi-drug resistant (MDR) bacterial
infections, researchers are examining various alter-
natives to combat the problem. One of such alterna-
tives being explored are bacteriophages, or phages
for short, which are viruses that infect bacteria
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(Delattre et al., 2022). Phage therapy is the use of
phages to treat bacterial infections and has been re-
ceiving growing support especially over the past 15
years, and although they are not as popular as tra-
ditional antibiotics, they are used in Europe in cases
of therapeutic failure (i.e.: when there are no other
antibiotic options left to treat a bacterial infection.
Phages must attach to the bacterium, inject its ge-
netic material which gets replicated, virions assem-
ble and the bacterium is lysed, releasing new
phages which can again attach to new bacteria and
continue the cycle (Brives and Pourraz, 2020).
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Figure 2: Schematic of the bactericidal Iytic phage cycle that is utilized in phage therapy.
(Adapted from “Lytic and Lysogenic Cycle”, by BioRender.com (2022). Retrieved from https:/ /app.biorender.com/biorender-templates.)

The attachment stage of the phage is highly specific,
which is great news in considering the therapeutic
uses of phage therapy for AMR cases, since it can be
adapted to target only the infection-causing bacte-
rial species, while leaving the commensal or mutu-
alistic bacteria (i.e.: the ‘good’ bacteria) of the micro-
biota untouched (Brives and Pourraz, 2020). Recent
research by Delattre et al from INSERM in France
focused on using phage therapy to treat AMR pneu-
monia by Escherichia coli, where they created a
mouse model to characterize the interactions be-
tween phage and bacteria during the course of in-
fection. This was a valuable study because before
phage therapy can be administered to humans, the
optimal dose, route of administration, and treat-
ment duration must be elucidated, which is notori-
ously complex in this field. This is because the
standardized pharmacology assessments that help
to dictate processes of administration, distribution,
metabolism, and excretion (i.e.. ADME) of drugs
like antibiotics are not designed to be adapted to
phage therapy. Their replication in the human body
differs between each specific phage-bacteria pairing
and their routes of elimination don’t follow the
standard metabolic pathways through the kidney
or liver as pharmaceutical drugs do. The model
created by this team incorporated pre-existing in
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vitro and in vivo data as well as mathematical mod-
els and found that the route of administration de-
termines the success of phage therapy. The mice
had better survival when the phages were more
quickly administered to their target bacteria, thus
the intratracheal route was more favorable than the
intravenous route. Interestingly, the model re-
vealed that the dosage given didn’t have much
bearing on the overall efficacy. The model also in-
corporated aspects of the animal’s immune system,
which is imperative in phage therapies since phages
work in synergy with the immune system of the
host, which aids in the overall process of eradicat-
ing the pathogenic bacteria. This study is extremely
important in the field of microbiology since it lays
out a new approach to create a more well-organized
approach to clinical development of phage thera-
pies to treat serious AMR-related infections (Delat-
tre et al., 2022).

Engineering bacteria to follow our orders

Throughout the years, humans have found ways to
harness the power of microbes, from the production
of fermented foods and alcohol to the production of
antibiotics and vaccines, there are many benefits to
microbial processes which can be availed of. One
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such example is the possible uses of microbes that
degrade plastic wastes in the environment (Ru et al.,
2020). Probiotic microbes have also become im-
portant resources in genetic engineering diagnostic
and therapeutic technologies, for example Esche-
richia coli Nissle 1917 (EcN), which has been engi-
neered to successfully diagnose and treat bacterial
infections, cancers, gastrointestinal bleeding, obe-
sity, and inflammatory disorders. Thus, EcN strains
have garnered attention for further research in med-
ical applications, however, as is the case with the
plastic-eating bacteria, these are living organisms,
and thus releasing them into the environment or the
human body, respectively, will have consequences
such as environmental contamination and competi-
tive exclusion of native microbes. Any uncontrolled
release of microorganisms poses a biosecurity risk,
thus a study conducted by Rottinghaus et al exam-
ined the concept of biocontainment circuit designs,
focused on preventing uncontrolled proliferation of
these microbes in the wild. Such a mechanism could
be considered a microbial “kill switch’, preventing
the release of such genetically modified organisms
into the environment by engineering them to self-

destruct under certain circumstances. The research-
ers inserted multiple kill switches into the EcN ge-
nome via CRISPR technology, allowing the EcN to
grow under normal gut conditions in the mouse,
but to die on the consumption of an inducer, and
subsequently get excreted from the body. This re-
search will be important as it offers the opportunity
for on-demand, selective removal of engineered mi-
crobes from the gut. This mechanism could also be
engineered and subsequently applied to many
other microbes, with the possibility of altering the
kill switch conditions to environmental or chemical
conditions. Therefore it offers a novel mechanism
for self-regulated biocontainment, with far re-
searching applications in therapeutics and industry
(Rottinghaus et al., 2022).

A step in the right direction to develop field
tests for Ebola virus

Ebola virus disease (EVD) is a rare but severe dis-
ease in humans with one of the highest viral death
rates in the world, at an average case fatality rate of
50%.
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Figure 3: Case fatality rate (CFR) of Ebola virus disease compared to other viral diseases.
(Adapted from “Case Fatality Rate (CFR) of Common Viral Infections”, by BioRender.com (2022). Retrieved from https://app.bioren-

der.com/biorender-templates.)
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The incubation period before symptoms appear is 2
to 21 days and symptoms include fever, fatigue,
muscle pain and headache followed by vomiting,
diarrhoea, bleeding and death (World Health Or-
ganisation, 2021). Several severe outbreaks have
happened across the African continent in the past
few decades resulting in thousands of deaths. Good
outbreak control heavily relies on early intervention
and treatment; however, this can be difficult in re-
mote settings. This is because the gold standard test
for diagnosis is reverse transcriptase polymerase
chain reaction (RT-PCR) which requires good labor-
atory capacity, trained personnel, and transport in-
frastructure, as well as being expensive and time-
consuming with results taking at least 2 days. In an
outbreak setting with such a serious viral infection,
this time can be too late for some patients. There-
fore, much research has been focused on creating
rapid diagnostic tests (RDT) that can be used in the
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