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Introduction

Recently, messenger RNA (mRNA) vaccine
production has increased dramatically with the
COVID-19 pandemic. More than 11 billion vaccine
doses will be produced by the end of 2022,

with December production alone set to reach
almost 1.5 billion doses [1]. If it Is possible to
Improve the production, cost, or effectiveness of
these vaccines in any way, it will have a massive
Impact on the number of resources being used,
the money and time spent on producing these
vaccines, and the effectiveness on the vaccine.
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Messenger RNA vaccines deliver mRNA directly to
the cytoplasm, where ribosomes translate it. The
MRNA does not enter the nucleus and cannot be
Incorporated into the genome. Its presence in the
cell is transient, and it is quickly metabolized

and eliminated via cellular processing mechanisms
[2]. Since the mMRNA is swiftly eliminated by
cellular processes, the vaccine Is not as effective
as it could be. Changing the immunogenicity of the
vaccines will allow for better effectiveness.
Immunogenicity Is the ability of cells to provoke an
Immune response due to a suspected foreign
body. If the iImmunogenicity is lowered the vaccine
will decay less and the translation efficiency will be
greater.

Process Description

1. Starts with plasmid DNA (pDNA) template with
a DNA-dependent RNA polymerase promoter
and the sequence for the mRNA construct [3]

2. Linearization serves to make the pDNA the
template for the RNA-polymerase to make the
MRNA [4]

3. Linearized pDNAis transcribed to mRNA [4].

4. In vitro transcription (IVT), pDNA acts as DNA
template [4]

5. Following IVT, the pDNA template and
contaminating bacterial DNA are digested by
DNase [4]

6. Purification using chromatography or tangential
flow filtration (TFF) [5]. TFF allows for the
separation of impurities not retained by the
membrane

/. Formulation using combination of lipids and
polymers to carry the mRNA and protect it from
degrading [5]

8. Appropriate distribution of the vaccine occurs
after the final product is made
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One of the main problems with using in vitro
transcription (IVT) is the way its delivered and how
that contributes to higher levels of iImmunogenicity
compared to other vaccination methods.
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Figure 2: mMRNA vaccine method [6].

Because the mRNA is produced IVT (in a lab,
outside of the body), the relevant receptors
recognize the strand [6]. When a foreign object
enters a body, in this case the mRNA from the
vaccine, the hosts immune system attacks that
object. For some medical therapies, such as tumor
recognition, that is the goal; however, for this kind
of vaccine to work properly, the mRNA must get
Into the target cell without detection to produce the
antigens necessary to induce immunity.

Possible alterations and solutions to the
Immunogenicity problem are; shortening the "U-
rich” sequences, replacing traditional nucleotides
with pseudo nucleotides (altering the structure,
making it less recognizable), extending the Poly A
tail, and increasing GC rich codons [6].

mRNA Structural Elements

UTR's
regulatory elements modulate the translation
efficiency with their length and structure
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Figure 1. Manufacturing process of mMRNA vaccines [5].

Figure 3: Key structural components of mMRNA[7].

Because the mRNA itself is naturally unstable,
even with all the suggestions above, it requires a
vesicle of some form. “Scientists have developed
lipid-based delivery, polymer-based delivery,
peptide-based delivery, virus-like replicon particle
delivery and cationic nanoemulsion delivery, or
even injected directly.” [6].

Overall, the goal is to lower the immunogenicity to
Improve the effectiveness of the vaccine. There
are a multitude of ways to do this.

Research

Hypothesis:

« Messenger RNA vaccines that reduce
Immunogenicity by reducing the length of U-rich
sequences, increasing GC-rich sequences, and
pseudo-nucleotides will improve the translation
and effectiveness of the vaccine

Methods:

« Measure the antibody titer concentration of
animal test subjects

« Measure the levels of antigen production
within the animal test subjects

« After viewing what individual components
elicit a strong iImmune response, try different
combinations of the alternatives

e Test further in clinical trials on humans

* Alter single components of different mRNA
Vaccines, one at a time

* Potential areas for alterations are
* Replacing uracil with pseudo uracil [8]
* Replacing cytidine with 5-methylcytidine
(m5C) [8]
* Replacing Uridine with pseudouridine
* Increasing GC-rich sections
* Varying the length of the Poly-A tall

* Different delivery methods, pictured
below
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Figure 4: Delivery methods of mMRNA vaccines [6].

Analysis:

* The first test round will determine what
components help trigger the best immune
response

* The second round of tests will determine the
Impact the alternatives have together

* If successful in the animal and lab stages,
scientists could implement the new
alternatives into a vaccine given to human
test subjects
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Potential Ecological Impact

RNA-based vaccine production is faster than
vector vaccine production - currently the most
common vaccine — making it take less energy
to manufacture [9]

99% of the ecological footprint from mRNA
vaccines is from air and ground transportation
and delivery [9]

 Emissions due to the transportation sector
Increase the amount of greenhouse gases,
such as Carbon dioxide, in the earth’s
atmosphere

The remaining 1% accounts for the
manufacturing of the vaccine and the disposal
of one-time-use materials such as glass and
plastic

Currently, it is hard to measure just how much
MRNA vaccines impact the earth accurately

 One dose of a COVID-19 mRNA vaccine
supposedly has a CO2 footprint of 0.01-
0.02 kg, but this value can vary [9]
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Figure 5: Total U.S. greenhouse gas emissions in 2018 by
sector [10].

References

1.

10.

Ritchter, F. (2022, January). From Zero COVID-19 vaccinesto 11.2
billion in a year. World Economic Forum. Retrieved April 18, 2022, from
www.weforum.org

Pardi, N., Hogan, M. J., Porter, F. W., & Weissman, D. (2018, January
12). MRNA vaccines - a new era in Vaccinology. Nature News.
Retrieved April 18, 2022, from www.nhature.com

Maruggi, G., Zhang, C., Li, J., Ulmer, J. B., & Yu, D. (2019, February
7). MRNA as a transformative technology for vaccine development to
control infectious diseases. Molecular Therapy. Retrieved April 18,
2022, from www.sciencedirect.com

Schlake, T. (n.d.). Developing mRNA-vaccine technologies. Taylor &
Francis. Retrieved April 18, 2022, from www.tandfonline.com

Vergauwen, L., & El Hajjami, N. (n.d.). Manufacturing Strategies for
MRNA Vaccines and Therapeutics. Millipore Sigma. Retrieved April
18, 2022, from www.sigmaaldrich.com

Wang, Y., Zhang, Z., Luo, J., Han, X., Wei, Y., & Wel, X. (2021,
February 16). MRNA vaccine: A potential therapeutic strategy -
molecular cancer. SpringerLink. Retrieved April 18, 2022, from
link.springer.com

Kim, S. C., Sekhon, S. S., Shin, W.-R., Ahn, G., Cho, B.-K., Ahn, J.-Y,,
& Kim, Y.-H. (2022). Modifications of mRNA vaccine structural
elements for improving mRNA stability and translation efficiency.
Molecular & cellular toxicology. Retrieved April 18, 2022, from
www.ncbi.nim.nih.gov

Jeeva, S., Kim, K.-H., Shin, C. H., Wang, B.-Z., & Kang, S.-M. (2021,
August 29). An update on mRNA-based viral vaccines. Vaccines.
Retrieved April 18, 2022, from www.ncbi.nlm.nih.gov

Kurzweil, P., Muller, A., & Wabhler, S. (2021, July 12). The ecological
footprint of COVID-19 mRNA vaccines: Estimating greenhouse gas
emissions in Germany. International journal of environmental research
and public health. Retrieved April 18, 2022, from www.ncbi.nlm.nih.gov

Total U.S. Greenhouse Gas Emissions. (n.d.). EPA. Retrieved April 20,
2022, from epa.gov.



https://www.weforum.org/agenda/2022/01/covid-19-vaccines-2021/
https://www.nature.com/articles/nrd.2017.243
https://www.sciencedirect.com/science/article/pii/S1525001619300413
https://www.tandfonline.com/doi/full/10.4161/rna.22269
https://www.sigmaaldrich.com/US/en/technical-documents/technical-article/pharmaceutical-and-biopharmaceutical-manufacturing/vaccine-manufacturing/manufacturing-strategies-for-mrna-vaccines
https://link.springer.com/article/10.1186/s12943-021-01311-z
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8450916/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8473183/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8307032/
https://19january2021snapshot.epa.gov/sites/static/files/styles/medium/public/2020-04/total-ghg-2020.jpg

