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Design Brief

A genetically engineered Pseudomonas
fluorescens factory for mupirocin and bacterial
collagen production for infection prevention and
the accelerated healing of burn wounds’
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Every year, an estimated 7 to 12 million people are affected by burn wounds and require medical treatment.
Although specialists treat burn patients with widely used bandages and dressings, most patients do not
receive adequate treatment. Collagen is a structural protein connecting various human tissues and helps
restore the skin’s structure following trauma. A study found that the collagen levels in tilapia fish skin
produce a more effective method than traditional bandage treatments. However, collagen levels vary from
fish to fish, leading to inconsistent responses to patient treatment. Tilapia also contains several species of
opportunistic pathogens that may cause infections. Pseudomonas fluorescens naturally produces a
mupirocin antibiotic, which attacks Staphylococcus aureus, a bacterium that commonly causes infections
in burn wounds. In this study, we aimed to transform the Scl2 gene, which produces human-like bacterial
collagen in Streptococcus pyogenes, into P. fluorescens using a plasmid with demonstrated transformation
efficiency and protein production. After the successful transformation, P. fluorescens was synthesized with
mupirocin and collagen. We cultured P. fluorescens in a chemostat chamber, which was then harvested
and continuously produced collagen and mupirocin. Based on their molecular size, these byproducts went
through crossflow filtration to remove collagen and mupirocin. The Bradford assay method was used to
measure the collagen concentration in our solution, and the microbiological assay method was used to
measure mupirocin concentration. We will create a bandage for burn wounds using this isolated solution.
The bandage will help regenerate the skin while minimizing the risk of infection.
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early 33,000 people sustain burn
Nwounds that require  medical
assistance daily (Stewart, 2022). Burn
wounds are injuries to the skin or other

organic tissues occurring from heat,
radiation, electrical currents, or chemical

contact (World Health Organisation, 2018).
Based on severity of the burn, there are three
degrees of burn wounds: first, second, and
third (Figure 1).

There are three degrees of burn wounds
including first, second, and third degrees
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(Figure 1). First-degree burns are typically
superficial and only affect the first layer of
skin, the epidermis. This type of burn does
not usually require medical assistance.
Symptoms often include pain, redness, and
swelling. Second-degree burns cause damage
to the middle layer of the skin, the dermis,
which is a thick underlayer below the
epidermis (UC San Diego Health, n.d.).
These burns cause swelling, splotchy skin,
and painful blisters. With these burns, an
individual would need immediate medical
attention (Mayo Clinic, 2022). Third-degree
burns, the highest severity of burns, extend to
the innermost fat layer called the hypodermis,
which lies above the muscle and bone
(Stanford Medicine, n.d.).
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Figure 1. A graphic representation of the various
degrees of burns and how they affect the different
layers of skin.

Burn wounds are typically treated with
wound dressings, topical and water-based
treatments, and skin grafting to reduce
damage to the wound area during dressing
changes (Mayo Clinic, 2022). Initial water-
based treatments involve running cool water
on the wound within the first three hours of
getting the burn. Topical treatments include
antimicrobial ointments, such as silver
sulfadiazine, which contains activated silver,
an antimicrobial agent (Mayo Clinic, 2022).
Skin grafting, a transplant procedure that
replaces burned skin with healthy skin, is
often required to treat second and third-
degree burns (University of Utah Health,
n.d.).

The skin used for grafting can be taken
from other body parts of the patient, a donor,
or even another species (Conde, 2019). In
extreme cases, tangential excision surgical
methods are required, which remove burned
tissue until a layer of viable tissue is
encountered. This method prevents the
accumulation of bacteria in dead skin and
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helps new skin to regenerate faster (Phelan &
Bernal, 2022). For severe third-degree burns,
medical treatments such as ultrasound mist
therapy (i.e., low-energy and intense
ultrasounds) are delivered through a saline
mist that penetrates deep into the wound to
kill bacteria (Attinger, 2013). Intravenous
(IV) fluids — which help maintain capillary
blood flow in the burned tissue — are also
used during the healing process (Gauglitz &
Williams, 2022).

Regardless of treatment, burn wounds
carry a significant risk of excessive blood
loss, shock, and deadly infections (Lacey,
2022). To avoid infection, doctors
recommend pre-treatment with tetanus shots
and antibiotics, which could be applied
directly to the skin and taken orally or
intravenously (Wiktor & Richards, 2021).
With the various methods of healing burn
wounds, this study centers on collagen, a
critical component for burn wound healing
that stimulates new tissue growth (Mazzei,
n.d).

Collagen is a protein that provides
structural support for connective tissue, skin,
bone, cartilage, and tendons (Mclntosh,
2023). It is a critical component of the
extracellular matrix (ECM), a network of
proteins, RNA, and polysaccharides that help
cells attach to and communicate with nearby
cells, thereby contributing to cell growth and
movement (Figure 2) (Extracellular Matrix,
n.d.). There are many different types of
collagen that are found in the skin, cartilage,
muscles, and cornea among other regions of
the body. Type I collagen, the most abundant
in the human body, can be turned into
collagen-based nanofibers. This makes type I
collagen a beneficial solution because of its
unique ability to promote cellular
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Figure 2: The role of collagen in the extracellular
matrix (ECM)
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Figure 3. The structure of collagen including
Amino acids (left) that form a triple helix structure
that binds to form a collagen fiber.

proliferation, adhesion, and non-toxicity
(Kubala, 2022). When applied to organs and
tissue, the type I collagen molecules arrange
into long, thin fibrils that form stable
interactions, otherwise known as cross-links,
in the spaces between cells (Figure 3). The
cross-links make strong type I collagen fibers
and strengthen skin and muscle tissue
(Henriksen & Karsdal, 2016). The bacterial
collagen gene, Scl2, contains similar
properties as type 1 collagen, including
regenerative properties for skin (Collagen,
2022).

In 2018, doctors and researchers in Brazil
investigated the potential use of tilapia fish
skin to heal burn wounds more efficiently
than previous methods due to their
abundance of Type I collagen. The fish skin
helps return the body to its normal state using
anti-infective, anti-inflammatory,
antifibrotic, and analgesic properties (Fleck
& Simman, 2011; Whitaker & Garcia, 2017).
Doctors apply the fish skin directly to the
burn wound during the treatment. Although
the tilapia fish skin treatment costs
significantly less than a traditional cream
treatment, each tilapia fish varies in the
amount of Type I collagen it carries (Lima-
Junior et al., 2021) (Deane et al., 2020).
Previous research has demonstrated that
levels of collagen in tilapia fish skin ranges
from as low as 30% to above 40% (Song et
al., 2019). Therefore, some patients receive
less collagen treatment and have a less
efficient healing process than those receiving
higher collagen levels (Deane et al., 2020).

Additionally, the fish skin carries
opportunistic pathogens such as Aeromonas
hydrophila and Streptococcus iniae, which

fluorescens
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can result in deadly skin infections (Seafish,
n.d.). The skin undergoes several sterilization
processes and microbiological tests that still
have not been proven to be fully effective, all
before the skin is ready for any medical
processes (Lima-Junior et al.,, 2019).
Furthermore, the availability of antibacterial
fish skin grafts only meets 1% of the demand
in Brazil (Sussman, 2017). The excessive use
of tilapia skin is unsustainable and difficult to
mass-produce, as a single fish can only cover
thirty-three square centimeters of a burn
(Florida Fish and Wildlife Conservation
Commission, n.d.). On average, Brazilian
physicians used three tilapia fish for a single
burn wound, meaning that a third-degree
burn wound requires three tilapia fish to
cover the area of the wound (Lima-Junior et
al., 2019). As the field of medicine strays
from the over usage of animals in medical
therapies, tilapia fish is a step back from the
ethical treatment of burn wounds. Tilapia fish
cannot be relocated to new bodies of water as
a result of their invasive nature, so the growth
in demand for tilapia fish skin cannot be
internationally fulfilled (Florida Springs
Institute, n.d.).

This project aimed to innovate the
treatment of second and third-degree burn
wounds by creating a low-cost, cruelty-free
solution. Streptococcus pyogenes, a species
of gram-positive bacteria, utilizes the Scl2
gene responsible for making collagen that
aids the bacterium’s infectivity in its host
(Fischetti, 2019). This gene is very similar to
human-type I collagen because of its triple-
helical structure that maintains stability in
human body temperatures, which makes it
viable for human wound treatment (Xu et al.,
2002).

P. fluorescens, a bacterium that naturally
produces mupirocin, will also mass-produce
collagen. Mupirocin is one of the most
effective antibiotics in terminating S. aureus,
a chief causative agent of infections in burn
wounds. We will insert the Scl2 gene into P.
using the pSWO002-
PpsbA mTurquoise2 plasmid (Figure 4)
because prior experiments have had effective
transformations for protein purification in
this specific bacterium.

In the plasmid, we will be using the lacl
promoter because of its medium copy ability
and the T4 transcription terminator (Figure
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Figure 4. The process of mass-producing collagen

5), which regulates the gene expression of
recombinant proteins (Wilton et al., 2018).
The excretion and purification process
comprises two major components. First, we
will insert the culture of transformed P.
fluorescens into a chemostat, a bioprocess
that places a bacterial culture in a nutrient
chamber that supplies the bacteria with
nutrients while harvesting its contents
(Abdali et al, 2022). The chemostat
automatically extracts all secreted products
(e.g. Mupirocin and collagen) from the
chamber (Abdali et al., 2022). Second, these
byproducts will go through a cross-flow
filtration system (Figure 6), which filters out
collagen and mupirocin based on their
molecular size (Abdali et al., 2022). To

Ribosome

PsbA promoter Binding Site
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Scl2
T4 I
transcription

terminator

Figure 5. The collagen binding site
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collagen & mupirocin synthesis

quantify the collagen and mupirocin
produced by the transformed cultures within
the chemostat chamber, we will use the
Bradford assay (Figure 7). This laboratory
technique measures protein concentration in
a given solution based on the light
absorbance levels of a dye that binds to the
proteins (He, 2011). The dye, Coomassie
Blue, is pink in the absence of proteins. After
binding to proteins, the dye turns into
different shades of blue, which depends on
the protein's light absorbance-therefore

membrane f

Figure 6. The crossflow filtration system for
collagen purification
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Figure 7. The Bradford assay method: A process used to determine the concentration of collagen and

mupirocin.

concentration— within the solution. In order
to determine the concentration of protein in
each tube, we will need to make standard
concentration curves, which will be used to
quantify our results.

The isolated bacterial collagen and
mupirocin antibiotic will be the key products
in a medicated bandage for patients to treat
their burn wounds without the risk of
infection. Furthermore, our project ensures
that burn patients are not exposed to
pathogens, which provides a more viable
healing process. This innovative treatment
will pave the way to more promising,
advanced, and effective care for
rehabilitating burn wounds.

Systems level

The pSWO002-PpsbA mTurquoise2 plasmid
is electroporated into P. fluorescens, our
bacterial vector. Growing the transformed
colony in a chemostat allows us to harvest
collagen and mupirocin (Figure 4). A
chemostat is a bio-processor that harvests a
bacterial culture while also supplying it with
nutrients. The chemostat is anaerobic and
automatically extracts all secreted products
from the chamber, including mupirocin and
collagen. Next, this solution passes through a
crossflow filtration system to filter out
collagen and mupirocin based on its
molecular size. The his-tag on the plasmid
will allow us to identify the collagen protein,
giving us a secondary purification method if

the crossflow filtration technique is not
successful. To quantify the collagen and
mupirocin, we then apply the Bradford
Assay, a procedure that measures the
concentration of protein in a solution. This
process helps to determine the total amount
of mupirocin and collagen produced.

Device level

To insert Scl2 into the pSWO002-
PpsbA mTurquoise2 plasmid and measure
mupirocin and collagen, we will use a
technique called DNA cloning, which will
take place at the ribosome binding site
(Figure 5). We will insert the gene in the
cloning site between the Ribosome binding
site and 6xHistag.

This ligates the Scl2 gene with the
plasmid using the EcoR1 restriction enzyme,
resulting in a recombinant DNA molecule.
After obtaining the transformed plasmid, the
next step is to introduce it into P. fluorescens
through electroporation. This involves
subjecting the bacterial cells to high-voltage
electric shocks, which will create temporary
pores in the cell membrane and allow the
plasmid DNA to enter the cells.

Parts level

We aim to produce the mupirocin antibiotic
and exploit the natural production of P.
fluorescens combined with the recombinant
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collagen  protein  through  bacterial
transformation. We will utilize the plasmid,
which has already been utilized for codon
optimization in P. fluorescens. This plasmid
contains a PsbA promoter, and a his-tag
(Figure 4). Additionally, the plasmid
contains a T4 transcription terminator, which
will end the transcription of the Scl2 gene. S.
pyogenes naturally use this gene to produce a
collagen-like protein with a triple-helical
structure similar to human-type 1 collagen.
The plasmid pSW002-PpsbA mTurquoise2
also contains the tetracycline resistance gene,
which will act as a selectable marker. Since
P. fluorescens naturally produces mupirocin,
no further steps will be required for its
production.

Safety

P. fluorescens is an integral part of our
project, as it is our bacterial vector for
producing collagen and mupirocin. However,
there are risks with using P. fluorescens. It is
reported that P. fluorescens can lead to a
compromised immunity (Government of
Canada, 2021). Mupirocin is the antibiotic
we will be using to fight against S. aureus;
however, the bacteria can become resistant if
applied in large concentrations (Mupirocin,
2021). This is a concern because a burn
patient that uses this treatment could become
infected because the bacteria would become
resistant to the mupirocin. In order to
transform the pSWO002-PpsbA mTurquoise2
plasmid into P. fluorescens, electroporation
is needed. Electroporation comes with
electrical and mechanical hazards. Any
electroporation machine produces strong
voltage charges that are risky because of
electrical shock. The electroporation machine
contains safety programming to prevent
access to input jacks or other parts that may
become charged during the process
(MicroPulser Electroporation, n.d.). We are
utilizing the Bradford assay technique to
measure the collagen concentration in our
solution. The Bradford assay uses many
different acids and other components that are
harmful to the skin, eyes, and organs when
made contact with, inhaled or ingested.
However, we will follow adequate safety and
protection guidelines to prevent injury
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(Safety Data Sheet, 2017).

Discussion

As we create a final consumer product, we
need to consider the risks of testing the
medicated bandages on humans. Similarly, to
previous studies that tested the efficacy of
collagen in tilapia fish skin, our study would
require clinical trials to confirm the strength
of recombinant collagen that will be
produced by P. fluorescens. After this
extensive testing and FDA approval, our
product would be available for medical use.
We also need to consider the risk of bacteria
being resistant to our antibiotic, mupirocin.
The frequency of mupirocin resistance in
Staphylococcus varies depending on the
amount of the antibiotic used. To account for
this issue, it is critical to ensure optimal levels
of the antibiotic are present to treat the
infections caused by Staphylococcus. While
doing this, we cannot over-use the amounts
of mupirocin as it can lead to the
development of antibiotic resistance in
bacteria. If successful, our collagen
production method could be used to generate
collagen for treatment of various bone
illnesses, including bone malformation
diseases, thanks to the benefits collagen has
on bone formation and mineralization (Liu,
2014).

The collagen produced could also be used
in different industries, such as the beauty
industry. Effective anti-aging creams could
be produced with bacterial collagen since it
has a positive effect on the elasticity of the
skin (Bolke et al., 2019). Accessing these
benefits with bacterial collagen, instead of
animal collagen, will be a huge advancement
in cruelty-free medicine and dermatology.

Next steps

Considering that our project proposes a novel
and theoretical process for medicated
bandages, we will need to test and quantify
the produced mupirocin and collagen
products. Firstly, we will apply a standard
transformation protocol to insert the
pSWO002-PsbA mTurquoise2 plasmid,
which contains the scl2 gene, into P.



fluorescens. After successful transformation,
we will move into the production phase.
During this crucial step, we will inoculate the
chemostat chamber, which will contain the
ideal growth medium, with the transformed
P. fluorescens.

To properly assess the mupirocin and
collagen levels of the chemostat, we will
conduct a Bradford assay. Once all of these
steps are completed, we will extract collagen
and mupirocin using a cross flow filtration
system. At this stage of our research process,
we are considering basing our medicated
bandage on a sheet of cellulose fibers. We
have chosen this material for our base, as it
has high absorbance, causes little to no skin
abrasion, and is widely used in the skincare
industry. Our final medicated bandage will
also contain adequate amounts of collagen
and mupirocin.
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