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Injuries pose a significant safety issue in daily life. Annually, unintentional injuries cause approximately
200,000 deaths in the United States and affect around 11 million people worldwide. The risks of open
wounds arise from bacterial infection and excessive bleeding, causing inflammatory reactions and dilution
of healing factors. Current debridement methods that remove damaged tissues from the wound site are
unsuitable for large or severely infected wounds, and the lack of healing factors prolongs the wound
exposure. Fibrin and fibronectin, naturally found in the human body, are critical for wound healing. Fibrin
supports clot formation and cell migration, while fibronectin stimulates angiogenesis, enhances the integrity
of the extracellular matrix (ECM), and recruits macrophages to clean the wound site. Unlike fibronectin,
which is directly encoded by a gene, fibrinogen must be cleaved by thrombin to form fibrin monomers,
which then polymerize. Our project aims to establish a system that simultaneously produces fibronectin,
fibrin, and prothrombin, proteins essential for wound healing. The BL21 (DE3) strain of Escherichia coli (E.
coli) serves as the chassis for a genetically engineered plasmid that contains genes encoding fibronectin,
fibrinogen, and prothrombin. This project will enhance advanced wound care by enabling the stable
production of key wound-healing proteins and advancing fibrin cleavage and polymerization, thereby
significantly lowering mortality rates and setting a new standard in medical innovation.

Keywords: Wound healing, fibrinogen, fibronectin, fibrin, thrombin, prothrombin, protein
production
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Significance of wounds

Injuries are a common occurrence in daily
life and represent a significant safety
concern. Approximately 200,000 people in
the United States (U.S.) die annually from
unintentional injuries, including burns, falls,
and motor vehicle accidents, which rank
among the top three causes of death (National
Center for Health Statistics [NCHS], 2024).
Globally, approximately 11 million people

suffer from burn wounds each year (Figures
1 and 2; Our World in Data, 2023;
Markiewicz-Gospodarek et al., 2022).
Moreover, visits to emergency departments
and physicians’ offices for injuries total
around 50 million annually (National Center
for Health Statistics [NCHS], 2021). In 2019,
the estimated economic impact of injuries in
the US reached $4.2 trillion (NCHS, 2021).

This figure illustrates the estimated annual
number of deaths resulting from burns. The
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Figure 1. Global Distribution of Death Numbers From Fires and Burns in 2021.

bar shows the corresponding number
represented by the different shading colors,
with the higher number displayed in darker
red and the lower number displayed in lighter
white. The death toll is higher in areas with
dense populations, including China, India,
and the USA.

World Health Organization (WHO)
(2024), with major processing by Our World
in Data. “Deaths from fires and burns”
[dataset]. World Health Organization,
“Global Health Estimates” [original data].
Retrieved May 5, 2025, from
https://ourworldindata.org/grapher/deaths-
from-fires-and-burns-who

This figure illustrates the total number of
deaths from fires and burns worldwide, as
well as the areas with the highest death zolls.
The x-axis represents the annual number of
deaths from burning wounds, and the y-axis
represents the years from 2000 to 2021. Each
dot on the line represents a year.

WHO (2024) — with major processing by
Our World in Data. “Deaths from fires and
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burns” [dataset]. WHO, “Global Health
Estimates” [original data]. Retrieved May 5,
2025, from https://ourworldindata.org/graph
er/deaths-from-fires-and-burns-who

Burns and other common injuries pose a
significant danger due to their frequent
encounters with humans. For instance, daily
cookery, flammable chemicals, overexposure
to the sun, and combustible materials all lead
to potential burning injuries.

Among injuries, blood loss is a leading
cause of death in trauma patients experience
infections during their cases (Cleveland
Clinic, 2024). Additionally, data from the
Trauma Infectious Disease Outcomes Study
revealed that over 30 percent of trauma initial
hospital stay (Tribble et al., 2018).

It takes about two weeks for a healthy
person to heal an acute wound, a wound with
the proper amount of ECM and Collagen, and
that heals at an expected rate. It takes 3 to 4
weeks or longer to heal chronic wounds
(wounds with excessive degradation of ECM
and Collagen) (Figure 3). Currently, the
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Figure 2. Death From Fires and Burns.

standard treatments for wound healing
include  infection  treatment, wound
debridement, and wound dressing (Fallah et
al., 2021).

Current wound treatment methods

During the wound healing process, several
factors delay and pose potential dangers to
the wound site. An increased bacterial load
around the wound site can disrupt wound
healing and lead to infection. Treating
bacterial infection is a crucial process during
wound healing. Topical cleansers, such as
water and saline, as well as antimicrobials
like vinegar and acetic acid, necutralize
bacteria to prevent and treat bacterial threats
to wound healing. Topical antimicrobials are
optimal for treating superficial wounds due to
their direct contact with bacterial loads but
may lead to bacterial resistance to the
antimicrobial agent, resulting in diminished
effectiveness as a treatment (Cleveland

OurWorldinData.org/causes-of-death | CC BY

Clinic, 2024; Drugs.com, 2024; Fallah et al.,
2021).

The process of removing damaged tissue,
known as wound debridement, plays crucial
role in certain cases of wound healing. The
presence of dead tissue can interrupt therapy
by hindering new tissue growth and blocking
keratinocytes (the cells that produce keratin,

Wound Healing Timeline
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Figure 3. Timeline of the Stages of Normal
Wound Healing. It takes hours from the
hemostasis process to the onset of
inflammation. The inflammation process takes
days to proceed. The proliferation and
remodeling process takes weeks to months.
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the main protein in the epidermis) from
migrating to the wound bed (Cleveland
Clinic, 2024; Fallah et al., 2021). Surgical,
mechanical, and enzymatic debridement
methods are widely used, employing specific
surgical instruments, mechanical forces, and
enzymes, respectlvely, to remove damaged
tissues (Fallah et al., 2021). These
approaches are unsuitable for large and
severely infected wounds (Nunez, 2019). A
quick initiation and the speed of the wound
healing process reduce the risk of infection,
providing the optimal environment for these
treatments to address injuries (Kolimi et al.,
2022).

Wound dressing refers to the application
of materials to promote wound healing. The
material types range from bandages to
complex engineered stem cells. There are
five types of dressings: hydrocolloid,
hydrogel, film, alginate, and foam. They are
responsible for various wound conditions,
including those with different moisture levels
and both dry and wet scenarios (Fallah et al.,
2021). Each type of dressing is specifically
designed for special wound conditions. The
addition of fibronectin and fibrin enhances
the efficiency of each dressing, amplifying
their advantage for a broader range of injury
treatment (Kolimi et al., 2022; Lenselink,
2013; Levy et al., 2012; Rousselle et al.,
2019; Tan & Dosan, 2019).

The role of fibronectin and fibrin in
wound healing

The ECM is a network of proteins and other
molecules that support and give structure to
cells and tissues (National Cancer Institute,
n.d.). Fibronectin is the second most
abundant ECM molecule in the body (Sicari
et al., 2023). Given the critical challenges of
managing wounds in trauma patients,
fibronectin may significantly help wound
healing. During the healing process,
fibronectin facilitates the spread of platelets
at the injury site and supports the movement
and attachment of cells into the wound area
(Grinnell, 1984). Fibronectin enhances
phagocytosis, the process of ingesting
foreign pathogens, which plays a key role in
sterilizing wound beds throughout the
healing process (Grinnell, 1984).
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Fibronectins have specific regions that help
bond to collagen and cells, like fibroblasts
and macrophages, fibrin, and certain sugars,
aiding in the adhesion of collagen and cells
(Figure 4; Landén et al., 2016; Clark et al.,
2018).
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Figure 4. Fibronectin enhances the integrity of
the extracellular matrix.

This diagram shows how integrin
transmembrane receptors connect the ECM
to intracellular cytoskeletal microfilaments.
Fibronectin links collagen fibers and
proteoglycans and facilitates cell-ECM
adhesion. These interactions are crucial for
the wound-healing process (Clark, Douglas,
& Choi, 2018).

Fibrin plays a crucial role in maintaining
hemostasis through the formation of a clot. It
catalyzes the coagulation process and
increases the strength of platelet clots (Figure
5; Gorane, 2023). Fibrin is formed from the
long fibrous chain fibrinogen, a protein made
by the liver and found in blood plasma.

Both fibronectin and fibrin contribute to
all four phases of wound healing: hemostasis,
inflammation, proliferation, and remodeling,
particularly in the proliferation phase (Trinh
et al., 2022). When an acute injury occurs,
prothrombmase first activates prothrombin to
thrombin. Then, thrombin cuts fibrinogen
into fibrin monomers (Goh et al., 2016;
Krishnaswamy,  2013).  Then, fibrin



monomers form fibrin strands through a
process of polymerization. Long fibrin
strands entangle the platelet to create a
spongy mass that gradually hardens and
contracts to form a blood clot (Britannica,
Fibrin). Additionally, fibrinogen helps
modulate inflammatory cellular reactions and
increases plasma concentration after injury,
facilitating  inflammation  and  cell
proliferation (Levy et al., 2012).

In the proliferation phase, the initial
wound covering is replaced by granulation
tissue comprising fibroblasts, immune cells,
blood vessels, and collagen. This tissue helps
restore some structure and function to the
damaged skin (Landén et al., 2016).

Beyond that, recent studies have
highlighted the critical role of fibronectin
beneath the migrating outer skin tissues
during re-epithelialization, the process of
covering a wound with new skin cells during
the proliferation phase (Lenselink, 2013;
Rousselle et al., 2019; Tan & Dosan, 2019).
This process is supported by clot formation
and the migration of new skin cells into the
wound (Larjava et al., 2000-2013). When

Clotting Factors j

Wound Healing with Recombinant ECM Proteins

endothelial cells and fibroblasts enter the
wound bed, they deposit fibronectin,
essential for granulation tissue formation
(Lenselink, 2013).

In complex procedures like skin grafts
and transplants, fibronectin boosts wound
healing, enhances immune response by
promoting phagocytosis, and maintains a
sterile wound bed. Fibronectin also
stimulates angiogenesis, improving nutrient
and growth factor delivery. This innovative
treatment ultimately provides safer and more
effective wound care for patients.

Additionally, fibronectin  production
helps guide the epithelial cells toward the
injury site (Larjava et al., 2000-2013;
Rousselle et al.,, 2019). Capillary sprouts
involved in angiogenesis (the process of
forming new blood vessels) also specifically
invade the fibrin/fibronectin-rich clot and
organize it into a microvascular network
within the granulation tissue (Tonnesen et al.,
2000).

Emerging fibronectin-based therapies
enhance wound healing, particularly in
challenging cases such as chronic wounds

_ sy Thrombin j

Broken Activated
vessel platelet

Damaged Blood Vessel
Injury to vessel lining triggers
the release of clotting factors

Formation of Platelet Plug
Vasoconstriction limits blood flow
and platelets form a sticky plug

— Fibrin

(insoluble)
Fibrin Blood
strands clot

Development of Clot
Fibrin strands adhere to the
plug to form an insoluble clot

Figure 5. Thrombin cleaves fibrinogen into fibrin during the wound healing process. The process begins
with the release of clotting factors, leading to the conversion of prothrombin to thrombin. Thrombin then
catalyzes the transformation of soluble fibrinogen into insoluble fibrin strands. These strands interact with
platelets at the injury sites to form a blood clot (Gorane, 2023; Cleveland Clinic, 2024).
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and diabetic ulcers. Studies suggest that
fibronectin and fibrin, combined with growth
factors, may accelerate the healing of
complex wounds (Patten et al., 2020).
Especially, the topical delivery of fibronectin
significantly improves the wound healing of
the radiation-damaged skin, in which
fibronectin expression is significantly and
consistently downregulated (Johnson et al.,
2017).

The sustainable bacterial fibronectin and
fibrin provide a reliable, high-yield source for
surgical procedures involving exposed
wounds. Usually, fibrin is the first
coagulation factor that decreases to a
critically low level (Levy et al.,, 2012).
Processed fibrin strands accelerate wound
healing and clot formation without requiring
additional thrombin cleavage from the body.

Systems level

The aim of this project is to engineer E. coli
for the production of recombinant fibronectin
and fibrin strands, which could subsequently
be applied to enhance existing wound healing
technologies and ultimately improve the
treatment of open wounds. We will use the
plasmid pET28-H12TEV and transform it
into the BL21 strain of E. coli (Figure 6; Ma,
n.d.; Addgene Plasmid #208635). In order to
achieve high yield of the three proteins, the
expression vector comprises of the deop1p2
promoter, SOD  (human  superoxide
dismutase) gene connected to the FNI
(fibronectin) gene, F2 (prothrombin) gene,
F5 (coagulation factor V) gene, F10
(coagulation factor X) gene, FGA, FGB,
FGG (fibrinogen) gene set, GFP (green
fluorescent protein) gene, and the trpA4
terminator will be added in the plasmid
(Figure 7). GFP facilitates the easy
monitoring of gene expression levels,
enabling  further  investigation  and
optimization. Additionally, GST
(Glutathione-S-transferase enzyme) tags will
be added to genes encoding fibronectin and
fibrinogen production.  After plasmid
introduction via the calcium chloride
transformation protocol, the bacteria will be
incubated at 37°C. During cultivation, the
activated thrombin cleaves the produced
fibrinogen into fibrin monomers, which
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subsequently will polymerize into fibrin.
Affinity chromatography, a protein filtration
system, will then be used to remove
thrombin, coagulation factors, and cellular
debris, leaving behind fibronectin and
polymerized fibrin as the final product. Our
choices for constructing the ECM protein-
yielding system are supported by previous
research, which demonstrates compatibility
and positive results, thereby supporting the
system's feasibility (Gogoi et al., 2006).
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Figure 6. Backbone pET28-H12TEV Plasmid
with Original Components. This pET28-H12TEV
plasmid map illustrates the origin of replication,
the Kanamycin resistance sequence, the
Lactose Operon, the repressor of primers
(ROP), and the T7 terminator, which is
compatible with E. coli for protein production.

Plasmid Maps
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Figure 7. Plasmid map of pETFN-OI666,
engineered from pET28-H12TEV.



This plasmid is a prototype for
fibronectin expression, containing tagged
FNI, F2, F5, F10, and tagged FGA, FGB,
FGG expression for easier purification.
KanR (Kanamycin resistance) is used as a
selectable marker, and GFP serves as a
signal for the success of the production
process. The expression is initiated by the
deoplp2 promoter and stopped by the trpA
terminator.

Device level

The construction of the plasmid pETFN-
OI666 involves the manipulation of the
backbone plasmid pET28-H12TEV, codon
optimization of the targeted DNA, and
insertion of the entire expression vector.

We plan to remove the ROP section and
the thrombin cleavage site from plasmid
pET28-HI2TEV by PCR amplification with
opposite-direction primers that leave out the
unwanted region and re-ligate the plasmid to
circularize it. The ROP protein keeps a low
copy number of plasmid in E. coli.

Since FN1, F2, F5, F10, and FGA, FGB,
and FGG gene sets are stranded directly from
Homo Sapiens, eukaryotic species, these
sequences may contain a large number of
“rare codons” that are infrequently used in E.
coli, including arginine (AGA, AGG),
isoleucine (AUA), leucine (CUA), and
proline (CCC). The incompatibility may
result in a decrease or elimination of the
expression of the targeted protein. By
undergoing codon optimization, the rare
codons in the FN1, F2, F5, F10, and FGA,
FGB, and FGG gene sets will be replaced
with codons more common in E. coli.

FN1 and FGA, FGB, and FGG gene sets
are tagged with Glutathione-S-Transferase
(GST) through PCR with primers containing
the GST sequence for the later purification
process. The whole gene sequence comprises
the deoplp2 promoter, the SOD gene
connected with the tagged FN1 gene, the F2
gene, the F5 gene, the F10 gene, the tagged
FGA, FGB, and FGG gene set, the GFP gene,
and the trpA terminator. These genes are
inserted into the altered pET28-HI2TEV
backbone plasmid to form the end product
pETFN-OI1666 through ligation.

Wound Healing with Recombinant ECM Proteins

Parts level

E. coli has long been used for recombinant
protein production due to its fast growth, easy
manipulation, and cost-effectiveness. The
BL21(DE3) strain of E. coli stands out
among other cell lines as a host for
recombinant proteins. Its doubling time is
around 20 minutes in rich medium. It grows
faster than lines such as K-12 in a minimal
medium, partly attributed to its absence of
flagella and flagella biosynthesis (an energy-
intensive protein synthesis process). E. coli
B's deficiency in protease (an enzyme that
breaks down protein) ensures a longer
lifetime for recombinant protein and more
protein yield during purification, since cell
disruption causes a massive release of its
protease. Furthermore, E. coli B secretes
more protein than other laboratory strains
through its second type II secretion (T2S)
system,  thereby  increasing  protein
production (Rosano et al., 2019).

Plasmid pET28-HI2TEV has proven
effective for large-sized protein expression
and is highly compatible with the E. coli
strain BL21. It contains a large variety of
restriction sites that ease the manipulation
and extension. The lactose operon enables E.
coli to metabolize lactose when glucose, the
preferred fuel, is absent (Tankeshwar, 2019).
Also, the reaction between beta-galactosidase
in the lactose operon and X-gal in the growth
medium provides an alternative selection
method. The beta-galactosidase enzyme
hydrolyzes X-gal producing a blue product
that causes the E. coli colonies to turn blue
(Juers et al., 2012). The lower price of lactose
lowers the overall cost of this production
system, allowing the protein to be produced
at a lower cost and making the product more
accessible to underserved areas. The
expression vector is composed of the
deop1p?2 promoter, the SOD gene connected
with the targeted protein gene, and the trpA
terminator. Implementing this expression
vector system for human insulin production
has proven successful (Mikiewicz et al.,
2017). The deoplp2 promoter 1is a
constitutive promoter that drives continuous
gene expression regardless of external or
internal cellular changes (Gene Regulation
and Constitutive Promoters in Biotechnology
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(GRCPB), 2025). SOD acts as a signal
peptide to enhance protein expression,
overcoming the relatively low plasmid copy
number due to the high metabolic burden
associated with large protein
expression.(Mikiewicz et al., 2017). Our
targeted proteins include the GST-tagged
FN1 gene, which encodes fibronectin, and
the GST-tagged FGA, FGB, and FGG genes,
which encode fibrinogen. GST-tag enhances
soluble expression and facilitates protein
purification during later affinity
chromatography. We also insert the F2 gene,
which encodes prothrombin, and the F5 and
F10 genes, which encode coagulation factor
V and X, respectively. These genes combine
to form prothrombinase. Through the
activation by prothrombinase, prothrombin is
converted to thrombin, which subsequently
cleaves fibrinogen and initiates fibrin
polymerization (Krishnaswamy, 2013). GFP
allows easy monitoring of gene expression
levels for further investigation and
adjustment. The GFP fluorescence in the
plasmid reflects the successful production of
protein.

Safety

Our project adheres to standard biosafety
practices and aims to minimize risks to
humans or the environment. We will work
exclusively with a non-pathogenic E. coli
strain BL21(DE3), a Biosafety Level 1 (BSL-
1) organism recognized as safe for laboratory
use (Thermo Fisher Scientific (TFS), 2016).
All experiments will be conducted in a BSL-
1 certified laboratory to  prevent
environmental release and minimize
biosafety risks. Throughout the experiment,
all steps must follow the protocols associated
with the kit, and personal protective
equipment should be worn at all times.

Prior to harvesting the ECM proteins, E.
coli will be neutralized by a freeze-thaw
cycle, which can lead to frostbite if the
standard safety precautions are not followed.
Additionally, fibrinogen and fibronectin will
be filtered with our filtration system before
being added to open wounds, leaving only
ECM proteins, which are safe for open
wound treatments.

In affinity chromatography, standard
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wash buffer components include the use of
Phosphate-buffered saline (PBS), and the
addition of 0.5 mL of Tagmentase Dilution
Buffer (TNGT) elution buffer. These buffers
will elute the GST-tagged protein (Figure 8§;
Smith & Johnson, 2014). To prevent
endotoxin contamination, we will use
Pierce™ Rapid Gel Clot Endotoxin Assay
Kits for endotoxin detection (TFS, n.d.). If
endotoxin is detected, we will use Pierce™
High-Capacity Endotoxin Removal Resin
(Thermo Fisher Scientific [TFS], n.d.).
TNGT elution buffer consists of chemicals
with low toxicity under laboratory
conditions;  however,  proper  safety
precautions must be strictly followed, and
safety equipment must be worn (TFS, 2021;
TFS, 2023).

Discussions

This project aims to develop a sustainable
and efficient system for producing
fibronectin and fibrin, thereby enhancing
wound healing. Using E. coli BL21 as the
chassis, we introduce the engineered pETFN-
01666 plasmid, which encodes fibronectin,
prothrombin, and fibrinogen. This design
mimics the human pathway of fibronectin
production, involving thrombin activation,
cleavage of fibrinogen, and fibrin
polymerization to ensure the -effective
production of an end product.

Fibronectin and fibrin are essential for
wound healing but are quickly lost through
bleeding. Their slow natural replenishment
increases the risk of infection and blood loss.
To address this, we propose harnessing fast-
growing microorganisms to produce these
proteins at high yields in a sustainable
manner. The  recombinant  proteins
supplement the body's healing response,
accelerating  recovery and  reducing
associated risks.

After evaluating various chassis for
protein production, we identified E. coli as
the optimal choice due to its ease of
manipulation, rapid growth, and cost-
effectiveness. Specifically, the BL21 strain
was selected for its short doubling time, low
metabolic burden, and high protein yield
(Rosano et al., 2019). Protein expression in
E. coli is a well-established technology, and



its proven ability to produce human proteins,
such as insulin, demonstrates its suitability
for our project despite concerns about cross-
species gene compatibility.

The engineered pETFN-OI666 comprises
several elements that maintain the
sustainability of the protein expression,
augment the productivity, and ease the
selection and monitoring process. It encodes
all three proteins together, ensuring a higher
efficiency. The GST-tag enhances the yield
of soluble proteins, thereby improving the
quality of the final product after protein
purification. The kanamycin selection mark
helps to select the wanted bacteria with the
transformed plasmid, and the GFP signals the
gene transcription and translation process.

However, several limitations and
uncertainties may impact production
efficiency and final product quality. These
include codon optimization levels, the
absence of the ROP protein, unknown
metabolic burden on E. coli, and concerns
around protein solubility and application

safety.
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Figure 8. Affinity Chromatography Filtration
System for GST-tagged Protein. Affinity
chromatography filters unwanted proteins and
cell debris through a filtration column. Fibrin and
Fibronectin are bound to the MagneGST GSH-
particle by their GST tag, which is later eluted by
TNGT elution buffer (Thermo Fisher Scientific,
n.d.).

Wound Healing with Recombinant ECM Proteins

Studies have shown the unanticipated
effects of codon optimization. Codon
changes may affect protein conformation and
stability. Mutations and site changes in post-
translational modification may alter the
protein's function (Mauro & Chappell, 2014).
Determining the optimal level of codon
optimization for maximal expression and
solubility requires further validation. We
plan to assess gene expression using
electrophoresis and quantitative PCR (qPCR)
with custom primers.

The ROP gene regulates the copy number
of the backbone plasmid (pET28-H12TEV),
which helps maintain a constant copy number
(Castagnoli et al., 1989). In our design, ROP
is removed to increase plasmid copy number;
however, its absence may affect plasmid
stability, E. coli growth, and protein yield.
Comparing ROP-containing and ROP-
deficient plasmids throughout the production
process is crucial for evaluating sustainability
and optimizing performance.

Human proteins are significantly larger
and more complex than proteins in E. coli
(BioNumbers, n.d.). Studies have shown that
the probability of soluble protein expression
decreases with increasing molecular weight,
especially for proteins exceeding 60 kDa
(Francis & Page, 2010). Expressing 3 human
proteins within one expression vector may
pose a high metabolic burden and decrease
soluble expression, as the total molecular
weight of targeted proteins exceeds 60 kDa
(230- 270 kDa for fibronectin, 72kDa for
prothrombin, 340 kDa for fibrinogen)
(Dalton & Lemmon, 2021; Lakna, 2023;
Tiscia & Margaglione, 2018). Close
monitoring for E. coli growth and protein
function testing is crucial to examine the
feasibility of our design.

Before applying the recombinant proteins
in human wound healing, their properties
must be thoroughly evaluated, including
potential mutations, functionality, toxicity,
and immune responses. Although a previous
study demonstrates the feasibility of topical
fibronectin use, the wviability of topical
delivery for both fibronectin and fibrin to
wound sites requires further evaluation
(Johnson et al.,, 2017). Under surgical
conditions, the blood clotting ability of the
end product may become a factor in thrombus
formation. In vitro analyses and in vivo
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testing using lab mice and organoids will help
simulate real-world performance to verify the
topical delivery method for open wound sites,
as well as explore a safer in vivo delivery
method for surgical conditions. Comparative
studies of proteins produced by E. coli with
different plasmid designs will identify the
optimal construct and guide future
improvements.

Next steps

Since our project introduces a novel approach
to medicated bandages, we need to test and
quantify the fibrinogen and fibronectin
produced. First, we will use a calcium
chloride transformation protocol to insert the
pETFN-OI666 plasmid, containing FN1, F2,
FGA, FGB, and FGG genes, into E. coli
strain BL21.

Next, we will have to identify the optimal
culture time for the bacteria. The transformed
bacteria will be incubated at 37°C for 24
hours for the appearance of colonies on agar
plates, then wverified for successful
transformation using fluorescence
microscopy to detect GFP (“Incubation
Time”, n.d.; Wei et al., 2014). Afterwards,
successfully transformed bacteria will be
isolated through kanamycin selection. In
order to obtain quantitative data, Western
Blotting will be used to quantify the presence
of the ECM proteins produced by the
bacterial culture (Ha et al., 2023).

Once a successful transformation is
verified via fluorescence microscopy, and
protein production is verified via Western
Blotting, we will proceed with optimization
and protein filtration. This phase includes
optimizing incubation time by culturing
bacteria for different durations and
measuring protein yield, lysing the bacteria
using freeze-thaw cycles followed by
centrifugation to separate proteins from cell
debris, and purifying the proteins through
affinity chromatography. The filtration
column will be washed with PBS and eluted
with TNGT buffer to isolate ECM proteins
(TFS, n.d). To measure protein
concentration, we will use a UV-Vis
spectrophotometer to measure the
absorbance at 280 nm (Peak Proteins, n.d.).
In the future, in vitro studies using the
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C57BL/6 mouse model, commonly
employed for wound healing testing y, will
be conducted to further evaluate the
effectiveness of our bandage treatment (van
den Borne et al., 2009).
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