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1.  ABSTRACT

Recombinant DNA technology is a revolutionary tool that enables the molecular cloning of DNA
and genetic recombination. For the molecular cloning of DNA, the gene of interest is inserted
into a biological vector where it can be transcribed and translated within microbial species. This
particular use of Recombinant DNA technology is used in the production of human insulin. As
for genetic recombination, two foreign DNA molecules are joined together and are then inserted
into a microbial species to produce the genetic product. As recombinant DNA technology has
only emerged in the last 50 years, science is looking to expand upon its current uses. The goal of
this study was to analyze whether recombinant DNA technology could be utilized in the mass
production of tumor suppressor protein-based medicinal products thus reducing the costs of
production while enabling its mass distribution. A majority of human cancers involve mutations
of the loss of function in tumor suppressor proteins—proteins that prevent damaged or
unnurtured cells from progressing within the cell cycle. For this study, I focused my research on
the tumor suppressor proteins p53 and the Retinoblastoma protein (pRB) hoping they could be
produced using recombinant DNA technology and harvested for medicinal use. While I was
unable to directly produce p53 and pRB in the lab, my independent research on the tumor
suppressor proteins accompanied by my use of recombinant DNA technology in the lab has
demonstrated that the production of p53 and pRB using recombinant DNA technology is a real
possibility.

2.   INTRODUCTION

Cancer is a leading cause of human deaths around the globe. By 2040, the National Cancer
Institute predicts cancer cases to rise from 18.1 million to 29.5 millions and cancer-related deaths
to rise from 9.5 million to 16.4 million. With the large predicted increase in the number of cancer
cases per year, it is important that every cancer patient has access to treatment and care. This
particularly involves the efficient production and distribution of chemotherapeutic drugs.
National expenditures for cancer care were $150.8 billion in 2018 in the United States and costs
are predicted to rise as new, more expensive treatments are integrated as standards of care around
the world. With cancer cases on the rise and many regions of the world limited in their access to
cancer treatment and care as a result of monetary and/or productional burdens, a method to
produce tumor suppressor protein-based medicinal drugs cheaply and in large quantities is
necessary.

A particular example of a pharmaceutical product that is currently being mass produced but once
available in limited quantities is human insulin. While this paper will go into further depth
regarding the production of human insulin using recombinant DNA technology, in short,
recombinant DNA technology has enabled human insulin to be produced in large quantities at
once. With human insulin, recombinant DNA technology is molecularly cloning multiple copies
of the insulin gene which will eventually give way to the creation of multiple insulin proteins to
be harvested for medicinal use. Consequently, it remains a question as to whether the tumor
suppressor proteins, p53 and pRB, can be produced using similar methods: inserting the p53
gene and pRB gene into a bacterial species that can then clone the gene of interest and produce
multiple copies of the resulting proteins.
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When it comes to understanding the relationship between cancer and tumor suppressor proteins,
a majority of human cancers involve loss of function and mutations in tumor suppressor proteins.
For example, over 50% of human cancers involve mutations in p53. As these proteins play vital
roles in preventing the progression of cancer by initiating cell cycle arrest, apoptosis, and/or
growth arrest, many treatments for human cancers involve restoring and providing
normal-functioning, healthy tumor suppressor proteins. As a result, it is key to identifying a
means to produce these proteins in large quantities and cheaply, as they play a significant role in
the progression of a majority, if not all, human cancers. Hence, this is the first major step towards
fighting the growing cancer epidemic by providing all cancer patients with readible access to this
efficient means of treatment.

3.  THE p53 PROTEIN

3.1 Regular Mechanisms of Wild-type p53

Cancer is essentially the uncontrolled division of cells which is often induced by a series of
genomic aberrations (mutations, deletions, translocations within DNA) that are brought about by
environmental stresses. More than 50% of human cancers carry mutations in p53 resulting in its
loss of function. p53 is a tumor suppressor protein that plays a critical role in regulating the cell
cycle and inducing apoptosis or programmed cell-death.

Figure 1

Diagram of the cell cycle. As noted in the diagram, p53 will
check whether any cell has experienced some form of DNA
damage at the G1 checkpoint

Wild-type or functional p53 prevents uncontrolled cell division by inducing mediated cell cycle
arrest for cells with mild DNA damage and inducing apoptosis in those with severe DNA
damage. As noted in figure 1, p53 will check whether cells have DNA damage at the G1
checkpoint of the cell cycle. When a cell experiences some form of DNA damage, the
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DNA-binding domain of p53 will bind to a site-specific sequence of DNA. This in turn will
transactivate genes that either induce cell-cycle arrest or apoptosis. Thus, p53 is characterized as
a transcription factor. More specifically, it remains within the nucleus of a cell; therefore, it is
referred to by scientists as a nuclear transcription factor.

Figure 2

Domains of p53: 1) NH2-terminal transactivation domain 2)
DNA-binding domain 3) Proline-Rich Domain 4) COOH-terminal
oligomerization domain

3.2 Mutational Inactivation of p53

When it comes to p53 mutations, a majority of them occur at the DNA-binding domain,
disrupting proper confirmation, resulting in the defective transactivation of genes often activated
by the wild-type. Instead, mutant p53 possesses oncogenic potential, transactivating growth
promoting genes. Consequently, cells possessing mutant p53 with damaged DNA will not
undergo proper cell-cycle arrest or apoptosis; rather, they will continue to divide.
Simultaneously, mutant p53 acts as a dominant negative inhibitor of wild-type p53 meaning it
impairs the function of wild-type p53.

While mutations within the DNA-binding domain are most common, the mutational inactivation
of p53 can occur through other means. As aforementioned, p53 is a nuclear transcription factor.
Consequently, p53 must be localized within the nucleus of a cell to be functional. Certain
mutated forms of p53 such as p53Δc lack the nuclear localization signals that localize p53 within
the nucleus. As a result, p53 is expressed within the cytoplasm ensuing in its decreased
functional activity. Additionally, as noted in Figure 2, p53 possesses a COOH-terminal
oligomerization domain that is responsible for tetramer formation. Mutations that occur within
this domain prevent tetramer formation which results in the lack of transactivation ability and/or
reduced transcriptional/pro-apoptotic abilities.
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3.3 p53-based Cancer Therapy

As a majority if not all human cancers experience loss of function mutations in p53, many
treatments and care for cancer surround the p53 tumor suppressor protein. More specifically,
doctors attempt to repair/replace mutated p53 proteins within cancer patients which could benefit
treatment significantly.

If it is possible to create wild-type p53 proteins utilizing recombinant DNA technology, these
proteins can then be injected within tumors facing loss of function mutations in p53. To combat
the effects mutant p53 has upon wild-type p53, the recombinant wild-type p53 could incorporate
genetic modifications that help the protein bypass its negative inhibition by its mutant form. For
instance, rather than being activated when noting DNA damage, recombinant wild-type p53
could be activated upon cellular stress which could then initiate cell cycle arrest, apoptosis, or
DNA repair as necessary.

A combination of p53-based cancer therapy alongside other forms of cancer care such as
chemotherapy and radiotherapy could prove more efficient results than cancer treatments that
only rely on one form of therapy.

4.  THE RETINOBLASTOMA PROTEIN (pRB) AND RB PATHWAY

4.1 Regular Mechanisms of pRB and the Retinoblastoma Pathway

pRB is known as the retinoblastoma protein as inactivation of the pRB gene results in
retinoblastoma, a cancer that develops within the retina of the human eye. The retinoblastoma
pathway is a combination of kinases, the pRB protein, and transcription factors that negatively
regulate the cell cycle and prevent tumor progression. Mutations within the Retinoblastoma
pathway are present within a majority of human cancers.

Similar to p53, pRB takes action during the G1 checkpoint of the cell cycle, preventing damaged
or abnormal cells from progressing to the S-phase (refer to Figure 1). To prevent a cell from
progressing from G1 to S, pRB will bind to the promoter region of the genes that enable the shift
from G1 to S. Other methods of preventing the transition from G1 to S involve histone
acetylation and methylation and nucleosome remodeling.

The RB pathway as mentioned earlier is a combination of kinases, pRB, and transcription factors
that control whether to initiate cell cycle arrest or enable cell cycle progression. The constituents
of this pathway are either activated or deactivated to determine whether or not the cell cycle will
progress.

4.2 Mutational Inactivation of pRB and Defects in the RB Pathway

Loss of function mutations in pRB result in the formation of the retinoblastoma tumor within the
human eye. pRB is inactivated by genomic aberrations including mutations and deletions. These
mutations often occur at pRB binding sites, enabling expression of the genes it often suppresses.
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For example, if a cell experiencing loss of function in pRB undergoes severe DNA damage, pRB
will be unable to suppress the genes that facilitate the transition from G1 to S, enabling the
damaged cell to continue dividing through its progression in the cell cycle.

Defects within the RB pathway are present in a large number of human cancers (look to Figure 8
to note what percent of breast cancer, liver cancer, and prostate cancer cases experience defects
in the RB pathway). Most commonly, alterations in the RB pathway involve loss of function in
the pRB protein. Within the RB pathway, pRB often controls E2F transcription factors which are
in charge of facilitating the transition between G1 and S. Loss of function in pRB results in
deregulation of E2F, resulting in cell cycle disruptions.

4.3 pRB-based Cancer Therapy

With a large number of human cancers experiencing defects in the RB pathway involving pRB,
many methods of treatment and care also surround pRB and the RB pathway. As of now,
reactivating mutated pRB’s tumor suppressive functions has not been accomplished.

However, replicating the RB protein utilizing recombinant DNA technology and incorporating
them into the genes of tumors could prevent the further growth of these tumors and tumor cell
proliferation. Additionally, utilizing recombinant DNA technology to produce certain
components that are lost or altered within the RB pathway and injecting them within cancer
patients could be another method of cancer therapy surrounding pRB and the RB pathway.

5.  RECOMBINANT DNA TECHNOLOGY

5.1 Purpose and Uses of Recombinant DNA Technology

Recombinant DNA technology was first created in the 1970s and involves joining strands of
DNA from different species to synthesize a genetic product. In short, fragments of DNA are
obtained utilizing restriction enzymes. As shown in Figure 3, restriction enzymes cut DNA at
restriction sites. Each restriction enzyme has a site-specific restriction site. Fragments of DNA
are then fused together and are inserted into a biological vector, most often plasmids of bacterial
species. The hybrid DNA is then inserted into a host cell, most often a microbial species, to be
cloned and produce the resulting product.
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Figure 3

Restriction Site for Mlu-I. The Restriction Site is ACGCGT. The red
line indicates how Mlu-I cuts the DNA into two fragments.

This revolutionized the field of biology by enabling scientists to genetically recombine elements
of DNA for different species. For example, lets say a biologist wants to bestow E. coli species
with bioluminescence. The biologist can obtain the gene that expresses bio-luminescence in V.
fischeri and insert that gene within the plasmid of E. coli. In due time, the E. coli will begin
expressing bio-luminescence. As demonstrated, recombinant DNA technology enables species to
express a phenotype that is not part of their genetic makeup.

For the purposes of this study, recombinant DNA technology facilitates the molecular cloning of
biological substances; specifically, proteins. As of now, recombinant DNA technology is most
utilized in the production of 1) human insulin 2) the human growth hormone 3) interferon. These
substances are created using similar means as in the example above. The DNA sequence that
codes for a substance is inserted into a bacterial species which then produces the resulting
substance. The substance is then harvested from the bacterial species and purified for medicinal
use.

5.2 Recombinant DNA Technology, Human Insulin, and Cancer Therapy

This study utilizes many takeaways from the use of recombinant DNA technology to facilitate
the production of human insulin. Therefore, it is important to discuss the relationship between
recombinant DNA technology and human insulin to understand how this study seeks to use
recombinant DNA technology in the production of medicinal products utilized in tumor
suppressor protein-based cancer therapy.

Prior to the development of recombinant DNA technology, medicinal insulin was obtained from
cattle and pigs. Simply put, the insulin obtained from these species was purified and utilized to
treat diabetes. However, as bovine and porcine insulin were not necessarily identical to human
insulin, it resulted in allergic reactions in many cases. In 1978, the first synthetic human insulin
was created by inserting the insulin gene into E. coli bacteria. Ever since, human insulin has been
produced by such means.

As of now, there are only three brands of human insulin: Humulin, Novolin, and Insuman.
Consequently, the lack of competition within the insulin market has resulted in it’s expensive
prices. Thus, it is important to note that in order to prevent this issue from occurring, there must
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be global competition within the market for the production of proteins for tumor suppressor
protein-based cancer therapy.

Regarding the effectiveness of synthetic human insulin, one particular study examined the
clinical efficacy and safety of recombinant human insulin in diabetes therapy by examining the
change from animal insulin to semisynthetic insulin to the recombinant human insulin brands
Humulin and Novolin. The clinical study was conducted over a period of 6-12 months on
patients with type 1 or type 2 diabetes including those who were pregnant and pediatric. The
study found that semisynthetic insulin “showed similar profiles in efficacy and safety” with
recombinant human insulin obtained from baker’s yeast (Novolin); thus, they concluded that
“patients with diabetes can be safely and effectively transferred from semi synthetic human
insulin to recombinant human insulin with no change expected in the insulin dose.” (Landgraf
W., Sandow J., 2016). The study also compared Humulin and Novolin with porcine insulin
concluding that there were “small differences in the time–action profile, but were comparable in
clinical efficacy.” (Landgraf W., Sandow J., 2016). The takeaways from this study is that for
recombinant human insulin in particular, there were very little differences in clinical efficacy and
safety compared with semi synthetic or animal insulin in addition to recombinant human insulin
being bioequivalent with semisynthetic insulin and relatively bioequivalent with animal insulin.

Thus, although not insulin, the study does bring forth the idea that recombinant/synthetic human
tumor suppressor proteins will also be as effective and hopefully bioequivalent to naturally
produced tumor suppressor proteins in the body. It is important to note that this study does not
prove that notion, but gives evidence that it is definitely possible to create effective tumor
suppressor proteins with recombinant DNA technology.

6. METHODOLOGY AND PROCEDURE

6.1 Independent Research

The independent research portion of this study involved reading multiple scientific papers on
both p53 and pRB. Specifically speaking, the scientific papers provided insight on the
relationship of these tumor suppressor proteins with human cancers and cancer treatment. For
both p53 and pRB it was important to take note of the 1) regulatory mechanisms and functions 2)
causes and effects of mutational inactivation and 3) methods of treatment involving the specific
tumor suppressor protein.

Supplementing my research on the tumor suppressor proteins from scientific articles, a course
titled Proteins: Biology’s Workforce offered by Rice University provided a 5-week in-depth study
of biological proteins. This involved understanding 1) the relationship between protein structure
and function 2) protein characterization and 3) protein purification.

Thus, independent research consisted of both participating in Rice’s online course and reading
scientific articles regarding p53 and pRB. The combination of these two endeavors
complemented the purpose of this study, providing in-depth knowledge on the tumor suppressor
proteins that are specifically affected in human cancers and how they are utilized in cancer
treatment. Most importantly, it enabled me to determine whether recombinant DNA technology
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was a possible and reliable means to develop such proteins (p53 and pRB) for future medicinal
use.

6.2 The Internship and Lab Work

The internship portion of this study provided insight into the laboratory procedures involved in
recombinant DNA technology. The laboratory procedures themselves provided insight into how
synthetic biological proteins are created using recombinant DNA technology. Unfortunately, the
lab was unable to obtain p53 and pRB genes to be utilized in these procedures. Therefore, the
two genes that were studied were 1) pet30-6H-FluA-NC and 2) PCMV/hr1. It is important to
note that because Recombinant DNA technology was not used to produce p53 and pRB in the
lab, the conclusions of this study do not provide a definitive answer to the question of interest.
Nonetheless, this study will attempt to make certain advisory conclusions for future research by
pairing findings from independent research with data from the lab.

6.2.1 Plasmid Mini-Prep

Plasmid DNA Extraction, otherwise known as Mini-prep, is a procedure used to isolate plasmid
DNA from bacterial species. For this study, plasmid DNA was isolated from E. coli bacteria.

DNA Harvesting: Upon receiving the liquid broth containing E. coli, 1.5 mL of cultured bacterial
cells were transferred into an eppendorf tube. The tube was then inserted into a centrifuge and
spun at 13000rpm for 1 minute. As shown in Figure 4, the centrifuge is a machine that
precipitates DNA to the bottom of the tube utilizing gravitational force.

Figure 4

Image of centrifuge used in the mini prep procedure. Inside the
centrifuge is an eppendorf tube containing
pET30-6H-Flu-A-NC. As noted by the front of the centrifuge,
the eppendorf tube is being centrifuged at 13,000rpm for 3
minutes
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Re-suspension: The supernatant was then discarded and the pellet bacterial cells were
resuspected in a 200μl PD1 buffer.

Lysis and Neutralization: With the solution mixed using a vortex, 200μl of PD2 buffer were
added and mixed. The solution stood at room temperature for approximately 5 minutes and
thereafter 300μl of PD3 buffer were added and mixed.

DNA Binding: The tube was then centrifuged at 13000rpm for 3 minutes. Then, a PD column
was inserted into the eppendorf tube, and the resulting supernatant was added to the column. The
tube was centrifuged for 30 seconds at 13000rpm. The flow through present within the eppendorf
tube was discarded after.

DNA Elution: A new PD column was placed in a 1.5 eppendorf tube. 50μl of Elution buffers
were added to the center of the PD column. This solution was centrifuged at 13000rpm for 2
minutes. Finally, located at the bottom of the PD column was the plasmid DNA
pET30-6H-Flu-A-NC. This plasmid DNA was then stored at 20 degrees Celsius.

6.2.2 Restriction Enzyme Digestion & Gel Electrophoresis

Restriction Enzyme Digestion is a procedure that involves the cutting of DNA at site-specific
sequences using specific enzymes known as Restriction Enzymes. These enzymes recognize
specific sequences of DNA (i.e. GAATTC for Ecor-1) and split the DNA into fragments at this
site. As shown in Figure 5, each restriction enzyme cuts DNA at a different site; therefore, which
restriction enzyme one uses will depend on the gene of interest.

Figure 5

Left: Restriction Enzyme Site for Xho-1
Right: Restriction Enzyme Site for Ecor-1

Taking the plasmid DNA obtained from the plasmid mini-prep, DNA cocktails are created. Each
of these cocktails contain a certain amount of DNA, 1μl of 10x loading buffer or fast digest
buffer, water, and 0.5μl of Restriction Enzymes. In addition to the cocktails, a solution is made
with only DNA and no restriction enzymes as a comparison to the DNA solutions with the
restriction enzymes. This enables scientists to ensure the restriction enzymes cut the DNA into
fragments. Table 1 shows the specific measurements for each of the DNA cocktails created:
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Table 1

Measurements utilized to create the DNA cocktails for restriction enzyme
digestion

After the cocktails are created, they are stored at 37 degrees Celsius for 30 minutes. During these
30 minutes, the steps needed to prepare for Gel Electrophoresis are conducted. Gel
Electrophoresis separates fragments of DNA according to their molecular size. The resulting
DNA ladder that is created is utilized to identify and characterize certain properties of DNA
fragments. To prepare for Gel Electrophoresis, agarose gel is prepared.

After 30 minutes, the cocktails are obtained. 1μl of 10x buffer is added to each cocktail except
the one with DNA only. The cocktails are then spun again. The DNA cocktails are then pipetted
into wells located inside the agarose gel. Additionally, a DNA marker is inserted into the wells
that contains known sizes of DNA that will be used to later compare sizes. Gel Electrophoresis is
conducted for 20 to 30 minutes at 118 volts. The set-up for gel electrophoresis is portrayed in
Figure 6. 30 minutes later, a DNA ladder is formed.

As the agarose gel contains a fluorescent dye, Ethyl Bromide, one is able to view the DNA
ladder under UV light. The DNA ladder of PCMV/hr1 is displayed in Figure 7.
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Figure 6

Set-up for Gel Electrophoresis. Agarose Gel is located
within the clear bin which contains a positive electrode
on one end and a negative electrode on the other. The
clear bin is attached to a power supply which supplies
118 volts for 30 minutes. The DNA solutions will travel
from the negative electrode to the positive electrode as
DNA is negatively charged. Smaller fragments of DNA
will travel further within the given time compared to
larger fragments.

Figure 7

Resulting DNA ladder for PCMV/hr - digested
with BgL-II and Mlu-I. From left to right:
cocktail contains 1μl of DNA, cocktail containing
3μl of DNA, DNA only (2μl), DNA marker. From
this ladder, it is evident the restriction enzymes
worked as the bands in lanes 1 and 2 are further
than the one in lane 3. This indicates that the
molecular size of the DNA is smaller in lanes 1
and 2 than in lane 3.

6.2.3 DNA Ligation and Protein Purification

After obtaining the gene of interest from restriction enzyme digestion, DNA ligation is
conducted to connect the gene of interest with a biological vector. This biological vector is most
often another bacterial plasmid. This bacterial plasmid is then re-inserted into the E. coli
bacteria.

Within an eppendorf tube, the following items are mixed:
● Fragmented DNA containing gene of interest obtained from restriction enzyme digestion
● Bacterial Plasmid
● 1μl of Ligase Buffer
● 0.5-1μl of DNA Ligase (T4)
● Water

This eppendorf tube is then incubated at 16 degrees Celsius overnight. During this period, the
DNA ligase will connect the gene of interest with the bacterial plasmid. The following day, the
bacterial plasmid containing the gene of interest is introduced to the E. coli bacteria. Thousands
of E. coli bacteria will then transcribe and translate the gene resulting in the production of a
plethora of proteins.

Once the E. coli are given 24 hours to produce the resulting protein, the protein is then harvested
from the bacteria and purified to be sent out for medicinal use.
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7. RESULTS AND DISCUSSION

7.1 Internship Results

It is important to obtain successful copies of pet30-6H-Flu-A-NC and PCMV/hr1 utilizing
recombinant DNA technology. These are proteins as much as insulin, p53, or pRB are.
Therefore, while not a direct indicator that recombinant DNA technology will work in the
creation of p53 and pRB, successful results do indicate that recombinant DNA technology works
if one has a gene of interest, a biological vector, and a host cell.

Table 2 portrays the number of attempts at creating the protein in addition to whether the overall
procedure was successful or not.

Table 2

Lists the number of attempts it took to create a successful version of the following proteins
utilizing recombinant DNA technology:

1. pET30-6H-Flu-A-NC
2. PCMV/hr1

Both pET30-6H-Flu-A-NC and PCMV/hr1 were successfully produced using recombinant DNA
technology, providing hopeful indication that the same can be done with p53 and pRB.

7.2 Independent Research Results

Additionally, through independent research, it was important to identify the percent of human
cancers with loss of function in the p53 protein and defects in the RB pathway. This enables one
to determine the extent to which the development of tumor suppressor protein-based medicinal
products utilizing recombinant DNA technology will have an effect on the cancer population.
Figure 8 below displays the results.
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Figure 8

Percent of Cancers with Loss of Function in the p53 Protein or RB pathway

7.3 Addressing Possible Error

As noted by Table 2, it took three attempts to successfully produce pET30-Flu-A-NC. When
attempting to identify possible sources of error that resulted in the first two unsuccessful
attempts, one or more of the following could have occurred.

1. The incorrect restriction enzyme was used to fragment the DNA
2. No DNA was obtained during Plasmid Mini-Prep
3. During any of the laboratory procedures, the solution or bacterial species was incubated

at the wrong temperature or for the incorrect amount of time

To address these sources of error, more trials could have been conducted. Additionally, rather
than obtaining one sample of plasmid DNA during the mini-prep, two or three samples could be
collected to reduce the chances of obtaining an eppendorf tube with no DNA.

8. CONCLUSION

While this study did not necessarily prove that recombinant DNA technology can be used to
produce p53 and pRB, it did indicate that it is very much a likely possibility. With over 18
million cancer cases around the world and 50% of those cases involving mutations and loss of
function in p53 or pRB, many patients rely on p53-based or pRB-based cancer treatment and
therapy. With the widespread need for cheaper and more accessible access to cancer treatment
and care, mass producing pRB and p53 utilizing recombinant DNA technology is not only
cost-effective but also reduces the time it takes to produce medicinal products involving either of
the two tumor suppressor proteins. Unlike human insulin, the extensive need for p53-based or
pRB-based cancer therapy around the globe provides hope that more industries will enter the
market in creating the necessary tumor suppressor protein-based medicinal products utilizing
recombinant DNA technology thus reducing the costs to access them. It is also significant to
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mention that the findings of this study not only provide the hope that recombinant DNA
technology can be used in production of p53 and pRB but also the millions of other proteins that
are implemented into vital pharmaceuticals. Of course and as stated prior, the one remaining
question is whether recombinant DNA technology can actually be utilized to produce p53 and
pRB. In the coming years, I hope to be able to attempt this in the lab. Additionally, it will also be
necessary to conduct clinical trials, comparing the efficacy of synthetically produced tumor
suppressor proteins to those that are naturally created within the human body. Cancer continues
to result in the loss of 9.5 million lives per year. While many of these deaths come about as a
result of natural factors, millions of deaths are also caused by limited access to medicinal drugs
and cancer care. However, someday, with the discovery that recombinant DNA technology can
be utilized to produce tumor suppressor protein-based medicinal products involving p53 and
pRB, the idea of alleviating the cancer epidemic becomes seemingly possible. And, it is with the
help of millions of microbial species that recombinant DNA technology is possible. Indeed, a
seemingly unfriendly species plays a crucial role towards the global initiative of eliminating
cancer.
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