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Abstract 
During this project two RNA strands were synthesized from the SARS-CoV-2 virus, one from the 
wildtype variant and one from the delta mutant variant. This was done to try to distinguish if 
there was a difference in stability, structure, and dynamics between the two when inserted in 
lipid nanoparticles. The RNA was synthesized via T7 transcription kits from Thermo Fisher. The 
synthesized RNA was then encapsulated in lipid nanoparticles using the ethanol injection 
method and protocol from the Pfizer-BioNTech vaccine against SARS-CoV-2 virus. The lipid 
nanoparticles were then characterized by means of dynamic light scattering, electron 
microscopy and circular dichroism. When the size range of the lipid nanoparticles had been 
established and encapsulation of the RNA was ensured, the RNA was synthesized with the use 
of isotope labeled ribonucleotides instead for the purpose of evaluating these via nuclear 
magnetic resonance. The concentration of the lipid nanoparticles loaded with the isotope 
labeled RNA did however not reach high enough concentration for nuclear magnetic resonance 
to provide results. The results from the other evaluation methods did show that the lipid 
nanoparticles were in the right range and no clear difference in structure, stability or dynamics 
could be observed between the two, both when it comes to the RNA by itself but also when 
encapsulated in the lipid nanoparticles. However, more results are needed to verify these 
obtained results and to be able to draw any credible conclusion. 
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Jämförelse mellan vildtypsvarianten och
deltavarianten av Coronaviruset

Populärvetenskaplig sammanfattning

Johanna Lidman

Vaccin har sedan länge varit en otroligt viktig del av sjukvården runt om i hela världen.
Nya vaccin har skapats och nya metoder har tagits fram för att få fram dessa vaccin.
Med starten av coronapandemin 2019 så stod vaccininstustrin inför en enorm utmaning.
Man behövde ett vaccin som var effektivt och säkert men som också kunde produceras
i stora mängder på väldigt kort tid. Två av de vaccin som godkändes mot coronaviruset
var baserade på ribonukleinsyra, specefikt bubärar ribonukleinsyra (engelska: messen-
ger ribonucleic acid (mRNA)). mRNA en kopia av en gen som i sin tur används som
mall vid proteintillverkning i cellerna. I vaccinet så är mRNAt en mall för ett specifikt
protein som sitter på utsidan av viruset. När cellerna sedan tillverkar detta protein så
kan immunförsvaret lära sig att känna igen proteinet så att vi inte blir lika sjuka om vi
utsätts för virus med detta protein på ytan.

I detta projekt så har två olika sortes av mRNA tillverkas. En kort sträng mRNA som
är baserad på den coronavariant som kom först, så kallad vildtypsvarianten, och en kort
sträng mRNA som är baserad på delavarianten av corona som uppstod efter att vild-
typsvarianten muterat. Dessa två mRNA strängar sattes sedan in i lipidnanopartiklar.
Dessa lipidnanopartiklar är samma som de som används i coronavaccinet av Pfizer-
BioNTech. Sedan användes olika metoder för att säkerställa att mRNAt hade fångats
in av lipidnanopartiklarna samt hur stora dessa var.

Resultaten visade att mRNAt blev enkapsulerat av lipidnanopartiklarna samt att dessa
var någorlunda inom rätt storleksomfång. Dock var det svårt att se någon tydlig skillnad
i struktur eller stabilitet mellan viltyps -och deltavarianten. Mer tid samt längre mRNA
strängar hade behövts för att kunna verifiera dessa resultat samt se om det finns någon
skillnad mellan dessa som inte framkom i denna rapport.
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1 Introduction

Vaccines have for decades been a highly important part of the healthcare worldwide.
Ever since the first vaccine was discovered there has been an ongoing process to find
new and effective ways to produce vaccines. As initially believed vaccines to not only
protect us from viruses but could also possibly protect against various types of cancer
etc (Sahin et al., 2020) (Dörrie et al., 2020). With the start of the pandemic in 2019 the
vaccine industry was facing an enormous challenge; to produce an effective and safe
vaccine in a limited amount of time that the majority of the public would have to take in
order for the pandemic to eventually end. Two of the vaccines against the SARS-CoV-
2 virus are based on nucleic acid, specifically mRNA, and were thereby the first ever
approved and used clinically for humans (Rosa et al., 2021).

1.1 This project

In this project two short strands of RNA was synthesized, one from the wildtype SARS-
CoV-2 virus and one from the delta mutant variant from the SARS-CoV-2 virus. This
synthesis was based from the DNA strands showed in figure 1 which was ordered be-
fore the project started. The two sense strands both starts with the consensus promoter
sequence for the ordered T7 RNA polymerase, TAATACGACTCACTATAGGGAGA.
The only difference between the strands is one mutation from Cytosine to Guanine at
position 42 in the DNA sequences.

Figure 1: The DNA strands used for the RNA synthesis

Figure 2 shows the predicted structures of the two RNA strands. These predictions were
made via http://rna.tbi.univie.ac.at/cgi-bin/RNAWebSuite/RNAfold.cgi.
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(a) Predicted structure of wildtype

(b) Predicted structure of mutant

Figure 2: The two predicted structure of the RNA strands, structures generated via
http://rna.tbi.univie.ac.at/cgi-bin/RNAWebSuite/RNAfold.cgi

The synthesized RNA was then encapsulated in assembled lipid nanoparticles (LNPs).
When the method seemed to work for the RNA and LNPs, the synthesis then started over
but with isotope labeled ribonucleotides. The same procedure with the LNPs was then
performed with the newly synthesized isotope labeled RNA. Figure 3 gives an overview
of the workflow. More about the method for this project can be found under section 3.

8



Figure 3: Overview of the general workflow in this project

1.2 Aims and Goals

The purpose of performing this master thesis was to establish a robust procedure readily
for Nuclear Magnetic resonance (NMR) to study the structure, dynamics and stability
of a fragment of mRNA incorporated in a specific LNP. The goal of the project was to
synthesize the RNA from both the wildtype and the delta variant of the SARS-CoV-2
virus, assemble the LNPs with the RNA and evaluate the two via different methods.
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2 Background

2.1 Lipid nanoparticles

The nanotechnology industry has intensively increased during the last couple of years.
This is partly due to its ability to produce particles that are suitable for specific and
sensitive drug delivery. LNPs are currently the most suitable way to deliver nucleic acid
based drugs (Samaridou et al., 2020). LNPs have evolved from liposomal systems and
lipolexes. However, the LNPs that has the ability to in an effective and efficient way
deliver nucleic acids to the cytoplasm in the cell are very different from liposomes. One
of the biggest differences between the two, is the fact that LNPs do not form a lipid
bilayer that surrounds the aqueous core. Instead, LNPs have lipids all the way in the
core of the particle and thereby do not have one single, large, aqueous core. This makes
them advantageous when delivering nucleic acids. However, despite not having the full
aqueous core, it has been shown that there are compartments of water in the core of the
LNPs (Schoenmaker et al., 2021; Samaridou et al., 2020).

2.1.1 mRNA vaccines and Lipid Nanoparticles

The LNPs used in the mRNA vaccines against COVID-19 are composed by four dif-
ferent types of lipid; a neutral phospholipid, an ionizable cationic lipid, a polyethylene-
glycol (PEG) lipid and cholesterol. For the Pfizer-BioNTech vaccine, these are specif-
ically and respectively; Distearoyl-sn-glycero-3-phosphocholine (DSPC), ALC-0315,
ALC-0159 and lastly cholesterol (Schoenmaker et al., 2021). The structure of the final
LNP is still debated and there are mainly three alternatives, where two of them are the
most likely according to most researchers (Viger-Gravel et al., 2018). Figure 4 shows
these three models for the LNP RNA complexes, where the core-shell model in b) and
c) seems the most likely.
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Figure 4: ”Schematic representation of the proposed models for siRNA-LNP and mRNA-LNP structure.
A: multilamellar vesicles; B: nanostructure core; C: homogeneous core shell. Quote of the authors.(Viger-
Gravel et al., 2018)

This core-shell model that is shown in figure 4 b) and c) have a surface layer and an
amorphous, isotropic core. Where, b) have an amorphous core containing water pores
surrounded by inverted cationic lipids, and c) shows that the lipids in the core are ho-
mogeneously dispersed with small water pockets in between (Viger-Gravel et al., 2018).
The size of the LNPs with the RNA vary between 60-150nm (Hassett et al., 2021). One
important aspect when assembling the LNPs is the molar nitrogen(N)/phosphate(P) ra-
tio. This ratio is very important for the physiochemical properties of the complex and can
influence its stability and net surface charge. For the Pfizer-BioNTech mRNA vaccine
this N/P ratio should be 6. This means that it is six times higher of positively-chargeable
polymer amine groups compared to negatively-charged nucleic acid groups (Gary et al.,
2013) (Schoenmaker et al., 2021). This have to be calculated when assembling the LNP,
and the concentration of the lipids and RNA is then altered to achieve this N/P ratio.

2.2 mRNA and LNPs stability issues

One issue that these new nucleic acid based vaccines have is that they are unstable com-
pared to traditional vaccines (Polack et al., 2020). One important aspect which possibly
leads to this instability is the mRNA exposure to water inside the LNPs. The interac-
tion with the ionizable cationic lipid and shielding of the mRNA from water, however,
needs more studying for these stability issues to be solved (Schoenmaker et al., 2021).
The first approved vaccines from Pfizer-BioNTech needed to be stored at extremely low
temperatures because of their lack of stability. This, however, was solved by the end of
2021 when they changed the buffer from PBS to Tris buffer (Kis, 2022). The vaccine
then went from having to be stored at -80◦ C to being able to be stored in refrigerator
temperatures.
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2.3 Why nucleic acid based vaccines?

Despite the stated stability issue that these RNA vaccines have, they have shown great
promises for the future due to its many advantages compared to the traditional ones.
Nucleic acid based vaccines are considered safer than vaccines based on the weakened
virus itself since the production is based on an in vitro cell-free transcription. This type
of transcription minimizes the risk of impurities and viral contaminant. Another great
attribute that nucleic acid based vaccines have is that they are easier to modified by
changing the RNA-sequence. This could be crucial when dealing with RNA viruses
since they do mutate very fast (Rosa et al., 2021). The next step with nucleic acid based
vaccines are most likely DNA vaccines. The advantages with DNA vaccines compared
to mRNA vaccines, are that they will produce more antigen in comparison and thereby
possibly be cheaper, another advantage is that plasmids, which the DNA vaccines consist
of, are a lot more stable than RNA (Liu, 2019) (Silveira et al., 2021). Furthermore,
DNA-based vaccines have to enter the cell nucleus before they can be transcribed. This
leads to some risk, including that the cells incorporate the DNA into its own genome
which will lead to unwanted gene therapy (Würtele et al., 2003). However, there are
also some drawbacks with the mRNA vaccines. One drawback is that there is no long
term safety data from the vaccines. Because of the rapid development and approval of
the vaccines, there is no way of knowing the long term effect. Furthermore, the duration
of the protection is also uncertain (Rahman & Islam, 2021).

2.4 Circular Dichroism Spectroscopy for nucleic acids

Circular Dichroism (CD) occurs from differential absorption of left and right handed cir-
cularly polarized light from chiral molecules. From this a CD spectrum of the secondary
structure of the optically active molecule can be observed. CD is mostly used to study
biological molecules, their structure and interactions with other molecules. Most com-
monly protein is studied, however, since nucleic acids also present sources of chirality
these can also be study with CD spectroscopy. Most commonly a range between 200nm
to 320nm is used when studying the secondary structure of nucleic acids. Comparing the
secondary structure between DNA and RNA, DNA is mostly double helices. Whereas,
RNA consists of bulges, helices, mismatches, and loops which can contribute to a very
complex secondary structure. (Kypr et al., 2012)

Another important feature is that it can be used to characterize the stability of a sample
with a temperature graph at a specific wavelength. This graphs shows how the molecule
unfolds when the temperature increases and from this conclusions about the stability
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can be drawn (Kypr et al., 2012). RNA has an expected pattern with a peak around
260nm and then two valleys, one small around 240nm and a bigger one at 210 nm.
When performing a temperature dependent measurement (Tm) for RNA, the specific
wavelength is usually at 260nm since this is a very characteristic peak where it is easy
to see changes as the temperature increases (Chauca-Diaz et al., 2015).

One other important graph that is generated from CD is the high tension (HT) graph.
This shows how much HT voltage that is applied for the amplification of the detectors
sensitivity. This voltage changes with different wavelengths since different wavelength
have different energies. With optimal concentrated samples the HT voltage is very low
due to enough light is then transmitted through the sample to the detector. However,
if the sample is too concentrated and thereby absorbs to much light, there will not be
enough photons that reaches the detector resulting in increasing voltage to amplify the
signal. If the HT value gets to high there are not enough photons which leads to an
unreliable result. (Jasco, 2022)

2.5 Electron Microscopy

Electron Microscopy (EM) is a method that is used to achieve high resolution images
of both biological and non-biological samples. It uses a beam of accelerated electrons
as a source of illumination. Because of the fact that electrons wavelength can be up to
100 000 times shorter than the wavelength of a visible light photon, the resolution of
EM is greatly higher than a light microscopy (Erni et al., 2009). EM can be used to
explore the structure of cells, tissue, organells etc, and can provide the key information
of the cell function and of cell disease (School, 11/2/2013 7:36:25 PM). EM does have
some disadvantages when it comes to characterization of LNPs. Since LNPs are organic
nanoparticles these are hard to characterize using Transmission EM (TEM) due to their
low contrast. The reason for this low contrast is the composition of the LNPs which is
mainly carbon, hydrogen and oxygen which interacts very weak with the electron beam
(Arnould et al., 2018). A better option would be to use Cryo-EM instead. Cryo-EM
is one of the leading characterisation methods and holds many advantages compared to
TEM. The advantages with Cryo-EM is that the nanoparticles can be imaged without the
sample having to be dried or having to add anything to enhance the contrast (Crawford
et al., 2011).
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2.6 Nuclear magnetic resonance

Nuclear magnetic resonance (NMR) is a technique that is used to study magnetic fields
around an atomic nuclei. NMR can both be used to identify proteins or other molecules,
and to obtain information about the dynamics, structure and chemical environment of
different molecules (Teng, 2013). The technique is based on the interaction of magnetic
moments of a nuclei with a magnetic field, which is basically that nuclei behave like
microscopic magnets inside a magnetic field. This magnetic moment of the nuclei is
associated with a nuclear spin, which is defined by a spin number. This is a feature that
only nuclei with an odd number of protons and neutrons have. This spinning motion is
called precision, and the frequency of the precision is proportional to the strength of the
magnetic field. By changing the electron densities in a molecule, you can change addi-
tional local fields. By increasing the electron density of the molecule, the shielding is
increased a lower local field and lower spinning frequency. The frequency of the excited
nuclei is then measured from the electric current they introduce in the coil. Fourier trans-
form is then used to achieve a frequency spectrum with a signal for each nucleus. The
different frequencies are called chemical shifts as they depend on the chemical structure
of the nuclei (Mlynárik, 2017)(Rhodes, 2017).

2.6.1 NMR for mRNA and LNPs

NMR has shown to be useful both when it comes to characterization of RNA but also
RNA encapsulated by LNPs (Viger-Gravel et al., 2018). For RNA it can determine the
exact structure and the concentration of RNA in the sample. This is very useful when
synthesizing the RNA to ensure that the structure is the expected one (Barnwal et al.,
2017). When it comes to LNPs and RNA NMR can provide the atomic level structural
characterization of LNPs with and without RNA (Podbevsek et al., 2010). NMR did
provide the information that resulted in the expected structures of the LNPs showed in
figure 4.
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3 Method

3.1 mRNA synthesis

Protocol for the mRNA synthesis is found in the appendix A. The kit used was ordered
from Thermo fischer and is a T7 transcription kit. For validation of the RNA, gel elec-
trophoresis, nanodrop (ND) and Qubit was used.

3.1.1 mRNA synthesis with isotope labeled bases

The isotope labeled bases was ordered from Cambridge Isotope labeled Laboratories,
Inc. The same protocol as for the normal mRNA synthesis in Appendix A was used.
However, a few modifications were made stated in the list below.

• Multiple reactions were made in the same Eppendorf tube to attempt to achieve a
satisfactory concentration.

• The over night incubating was prolonged to 19 hours instead of 16 hours.

• The precipitation step were the samples are kept in the freezer and the centrifuging
step was both extended to one hour.

3.1.2 Gel electrophoresis

The sample for the gel electrophoresis and the gel were prepare according to the protocol
for the mRNA synthesis found in appendix A.

3.1.3 Nanodrop

For ND the sample was diluted with water 1:300 and then 2.1 µL was loaded to the
instrument. ND is an ultraviolet spectrophotometer which output does not only show
the concentration of RNA in the sample, it also shows the purity. It can give you an
indication on the protein and salt concentration in the sample. One disadvantage with
ND compared to qubit is that both RNA and DNA absorb at 260nm. Therefore, when
having both in the sample this can give an overestimated concentration.
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3.1.4 Qubit

Qubit is a flourometer which measures the fluorescence’s intensity and and wavelength
distribution after excitation by a certain spectrum of light. This is used to identify the
presence and amount of specific molecules, for example RNA. Before inserting the sam-
ple, it needs to be prepared with compatible reagents bought by the manufacturer. Proto-
col for this is found in appendix A. Qubit has a very high sensitivity and is more accurate
when determining the exact concentration of RNA in the sample than ND. It can both
be used for determining RNA, and DNA concentration.

3.2 LNP synthesis

Protocol for the LNP synthesis is found in appendix A.

3.3 Circular Dichroism

For the CD measurements 250µL is needed for the cuvette. The final concentration for
the buffer in the cuvette was 5mM MgCl2 10mM NaCl 1mM NaPi. The concentration
of the sample varied depending on if it was ordered or synthesized RNA that was used.

Themachine usedwas Jasco J-1500CDSpectrometer with the program spectramanager.

3.4 Particle size determination

Two different instruments was used to determine the size of the prepared LNPs with
dynamic light scattering (DLS). This was due to one of the machines breaking during the
lab process. One of the machines used was a W130i SABRe optics from AvidNano with
the program pUNK, and the other machine was a Nanotrac Wave from Microtrac. The
W130i SABRe optic uses Photon Correlation Spectroscopy (PCS) whereas Nanotrac
Wave uses Frequency Power Spectrum (FPS).
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3.5 EM

The amount needed for EM is at least 10µL. The samples was brought to Rudbeck labo-
ratory in Uppsala where they were stained and then analyzed via TEM. The sample was
prepared via staining with uranyl acetate (UA) which is used to enhance the contrast of
the sample.
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4 General workflow and trouble shooting

During this section a general workflow is presented in table 1. This shows how the
progress has proceed and the troubles that occurred along the way combined with the
changes that was made.

Table 1: Table over the general work flow during this project and the problems that were faced along the
way

Method/part of work-
flow

Description with eventual prob-
lem

Solution/Change

mRNA synthesis The mRNA synthesis worked fine
until the enzyme ran out. The new
ordered enzyme was not identical
to the old enzyme. This led to the
first reactions with isotope labeled
bases to fail.

Trouble shooting with the reaction
with different amount of enzyme
and buffer.

LNP preparation After enoughmRNA had been syn-
thesized the LNP preparation be-
gan. However, in the beginning of
the project there was no cholesterol
which meant that the assemeling of
the LNP were done only with the
three other lipids.

The cholesterol was ordered for the
LNP preparation to continue exacly
as the protocol.

DLS The LNPs was then analyze size
wise via DLS. However, the first
machine used broke halfway into
the project.

Another size determining machine
was used. After awhile both ma-
chines worked again ehich made it
possible to also compare the results
between the two.

NMR NMR was supposed to be a major
analyze step in this project and af-
ter all the synthesis had been made
the samples should have been ana-
lyzed via NMR. However, for the
NMR results to be reliable the con-
centration of the samples need to be
very high.

No results fromNMRwas obtained
due to the low concentration of
the samples. Information obtained
from the other methods combined
with other sources will play a more
important part in the discussion.
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5 Results

5.1 mRNA Synthesis

The concentration determining step was done mainly with two methods, ND and qubit.
In tables 2-5 both the obtained values directly from the machined is shown, but also the
actual concentration which is calculated with regards to dilution and total volume in the
Eppendorf tube in which the RNA is stored in.

Table 2: Table over the A260 values from Nanodrop

A260 from Nanodrop

Date 26/1 1/2 2/2 9/2:1 9/2:2 9/2:3
WT (µg/ml) 1524 312 1872 1164 1188 336
P681R (µg/ml) 1428 1872 2016 516 1008 2772

Table 3: Table over the RNA concentration from qubit

Qubit

Date 26/1 1/2 2/2 9/2:1 9/2:2 9/2:3
WT (µg/ml) 696 496 1180 634 636 446
P681R (µg/ml) 610 970 1120 556 714 626

5.1.1 mRNA Synthesis with isotope labeled bases

The results from themRNAwith the isotope labeled ribonucleotides are presented during
this section. In both table 4 and 5 some colums are marked as failed. This is due to the
results from this method showed that the concentration was to low to give a signal.
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Table 4: Table over the A260 values from Nanodrop

A260 from Nanodrop

Date 18/3 6/4 19/4 21/4 4/5
WT (µg/ml) failed failed 1620 900 2100
P681R (µg/ml) failed failed 600 1548 2712

Table 5: Table over the RNA concentration from qubit

Qubit

Date 18/3 6/4 19/4 21/4 4/5
WT (µg/ml) failed failed failed 133.2 132.4
P681R (µg/ml) failed failed failed 392 165.2

5.2 CD

Figure 5 shows both the synthesized wildtype and mutant, and the ordered wildtype and
mutant. The molar ellipicity is used instead of CD signal since the molar ellipicity([θ])
is independent of the concentration. The molar ellipicity is calculated according to the
following equation:

[θ] = signal/[sample] ∗ l ∗ no.residues

Where the signal is the CD signal, the concentration of the sample is in molar and l is
the length of the cuvette in meters. In figure 5 a clear shift between the synthesized and
ordered RNA can be observed but no difference between the wildtype and mutant RNA.
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Figure 5: Comparison of WT and P681R

Figure 6 shows the both the Tm graphs at 260 nm and the CD graphs with temperatures
ranging between 10-85 degrees Celcius for the wildtype and mutant. In figures 6a and
6c, where the CD graphs at different temperatures is shown, it it seen that the peaks and
valleys of the signals gets smaller as the temperature increases for both the wildtype and
mutant. The CD value at 260 nm is then shown in figure 6b and 6d for the wildtype and
mutant respectively. In both of the figures it can be seen that there is a clear decreas in
the CD signal as the tempearture increases.
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(a) CD graph of the ordered WT with Tm measurements from 10-
85 degrees Celcius. (b) Tm graph for the ordered WT

(c) CD graph of the ordered P681R with Tm measurements from
10-85 degrees Celcius. (d) Tm graph for P681R Ordered P681R

Figure 6: Both the Tm graphs for the ordered wildtype and mutant at wavelength 260nm and the CD
graph with the changing temperatures

5.2.1 CD With LNPs

Figure 7 shows the LNPs with non-isotope labeled RNA. Figure 7a shows the LNP
without any RNA, only buffer, figure 7b shows the LNP with the wildtype RNA and
figure 7c shows the LNPwith themutant. The characteristic pattern for RNA can be seen
in both figure 7b and figure 7c, whereas figure 7a shows a more straight line indicating
that there is no RNA.
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(a) LNP with only buffer, no RNA (b) LNP with wildtype RNA

(c) LNP with mutant RNA

Figure 7: The CD graphs for the LNPs with no RNA, wildtype RNA and mutant RNA respectively

Figure 8 shows the Tm graph at 260 nm and the CD graphs with temperatures ranging
between 10-85 degrees Celcius for both the wildtype and mutant encapsulated by LNPs.
In figure 8a, which shows the CDmeasurement at different temperatures for the wildtype
RNA and LNP, there is close to no characteristic RNA pattern. However, in figure 8c,
which shows the CD measurement at different temperatures for the mutant RNA and
LNP, there is a slightly more visible characteristic RNA pattern. Both figure 8b and 8d
are very noisy compared to 6b and 6d.
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(a) CD measurements wildtype and LNP (b) Tm graph for the wildtype and LNP

(c) CD measurements the mutant and LNP (d) TM graph for the mutant and LNP

Figure 8: Both the Tm graphs for the ordered wildtype and mutant, encapsulated by LNP, at wavelength
260nm and the CD graph with the changing temperatures

5.2.2 CD with isotope labeled RNA

Figure 9 shows the CD graphs of the isotope labeled RNA, both the wildtype andmutant,
both by itself and when encapsulated by LNPs. In all of the four figures, the character-
istic peak at 260nm for RNA is visible. However, the signal is extremely noisy and the
other characteristic peaks and valleys are hard to distinguish.
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(a) Isotope labeled wildtype RNA (b) Isotope labeled wildtype RNA inside the LNPs

(c) Isotope labeled mutant RNA (d) Isotope labeled mutant RNA inside the LNPs

Figure 9: The isotope labeled wildtype and mutant, CD graphs of both the RNA by itself and the RNA
encapsulated in LNPs.

Figure 10 shows the Tm graph at 260 nm and the CD graphs with temperatures ranging
between 10-85 degrees Celcius for both the wildtype and mutant encapsulated by LNPs.
In both figure 10a, which shows the CD measurement at different temperatures for the
isotope labeled wildtype RNA and LNP and in figure 10c, which shows the CD mea-
surement at different temperatures for the isotope labeled mutant RNA and LNP, there
is close to no characteristic RNA pattern. All the four figures here are also very noisy.
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(a) CD measurements for the isotope labeled wildtype and LNP (b) TM graph for the isotope labeled wildtype and LNP

(c) CD measurements for the isotope labeled mutant and LNP (d) TM graph for the isotope labeled wildtype and LNP

Figure 10: Both the Tm graphs for the isotope labeled wildtype and mutant, encapsulated by LNP, at
wavelength 260nm and the CD graph with the changing temperatures

5.3 Dynamic Light Scattering

Table 6 Shows the results from the two different methods, DLS and Mictrotrac for size
determining of the LNPs. The complete data retrieved from the methods from each of
the runs can be found in Appendix B Appendix C.
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Table 6: Table over the results from DLS with W130i SABRe optics and Nanotrac Wave

Sample Date of
assembly

Date of
analysis

Filtration
yes/no

Dia(nm) SD(nm)

W130i SABRe
Buffer 0407 0412 yes 112.02 51.00
Buffer 0427 0505 yes 156.87 69.11
WT 0407 0412 yes 159.48 136.31
WT 0427 0505 yes 136.27 43.56
P681R 0407 0412 yes 55.53 16.83
P681R 0427 0505 yes 136.35 49.93
Nanotrac Wave
Buffer 0407 0412 no 94.5 41.40
Buffer 0407 0412 yes 94.3 38.00
Buffer 0407 0412 yes 50.8 10.86
Buffer 0427 0505 yes 113.5 32.80
WT 0407 0412 no 71 38.10
WT 0407 0412 yes 65.6 48.40
WT 0407 0505 yes 63.5 21.74
WT 0427 0505 yes 98.8 45.00
P681R 0407 0412 no 55.4 115.7
P681R 0407 0412 yes 53.7 42.10
P681R 0407 0505 yes 44.5 11.51
P681R 0427 0505 yes 57.5 13.88

In table 6 the Dia is the mean diameter of the sample and SD is the standard deviation
from the mean diameter.

5.4 Pictures from EM

The figures in figure 11 is a selection from all the pictures obtained from EM. This is to
give an overwiev of how they looked, more pictures can be found in appendix E. The
scale in each of the figures is shown in the bottom left corner in each of the figures.
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(a) EM picture of Buffer and LNP (b) EM picture of LNP and isotope labeled WT RNA

(c) EM picture of LNP and isotope labeled WT RNA (d) EM picture of LNP and non-isotope labeled WT RNA

Figure 11: A selection of the EM pictures for the LNPs
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6 Discussion

6.1 The optimization of mRNA synthhesis Adjusted procotol for short
mRNA.

The mRNA with the normal ribonucleotides did generate higher concentration than the
isotope labeled ribonucleotides. This can be seen in Tables 2-5 where the RNA con-
centrations from the two methods are presented. From table 4 and 5 it can be seen than
despite starting of with more annealed DNA and trying to multiply the entire reaction,
the concentration is still lower than from the normal reaction. When using the isotope
labeled bases a few steps were altered to try to achieve as much yield as possible. The
changes made can be seen in the method section of this report. These changes defi-
nitely made a difference since the concentration did increase. However, with time more
alterations in the protocol could have beenmade to hopefully achieve the needed concen-
tration for NMR. These alterations could include even longer incubation time, change
in concentration for the isotope labeled ribonucleotides, enzyme, buffer etc.

Another issue with themRNA synthesis was the concentration determination step. Com-
paring the different steps that were made for concentration determining, there were am-
biguous results. Sometimes both the gel and ND could indicate that the mutant or wild-
type have higher concentration, and later qubit would tell the opposite. Qubit were con-
sidered the most accurate method used in this project for concentration determination.
At one point during the project the RNA Qubit ran out which made the entire concen-
tration determining step rely on the values obtained by ND. When comparing the results
obtained by ND and qubit it is clear that these two methods show very different results.
For instant, when comparing the last three columns for the wild type in table 2 and table
3, the qubit results varies from being almost the same, to around two thirds and lastly
one fourth of the concentration from ND. This made it very hard to find a correlation
between the two.

6.2 The composition of different lipids is critical to the formulation, and
stability of lipid nanoparticles.

As mentioned the RNA qubit kit ran out at one point. This led to challenges when
assembling the LNPs with the correct N/P ratio. Despite trying to achieve to correct
N/P, the concentration estimation from ND was to uncertain which most likely resulted
in the wrong N/P ratio. After comparing the results that later were obtained from qubit
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after the LNP assembly already had been made, it was clear that the concentration used
for the RNA was too low to reach the satisfactory N/P ratio.

After assembling the LNPs with the RNA, qubit was performed to ensure that the RNA
had been encapsulated by the LNP. The qubit results from these samples always showed
that the RNA concentration was too low to be detected, suggesting that close to all of
the RNA had been encapsulated.

6.3 It is hard to distinguish a difference between the RNA strands from
CD

6.3.1 Clearer difference between the synthesized and ordered RNA than between
the wildtype and mutant

The initial thesis when performing this project was that there was going to be a clear dif-
ference in the structure between the wildtype and mutant. As mentioned, the predicted
structures for the two sequences should have a big enough differences for them to be
visible at the CD spectrum. However, figure 5 shows both the synthesized and ordered
wildtype and mutant, and here there is a much clearer difference between the synthe-
sized and ordered RNA compared to between the wildtype and mutant. This could be
due to some unexpected difference in the structure when synthesizing the RNA. One
though was that this difference in structure was due to the RNA not beeing annealed
after synthesis. This was however tested at the end by heating the RNA to 95 degrees
Celcius and then cooling it down rapidly on ice to see if this step made a difference. The
CD graphs did look the same with and without annealing, so this was probably not the
reason for the difference in structure. For this problem to be solved it would be good to
have a sequencing step to see if the synthesis generates the expected sequence. Further-
more, NMR would have given us the structure of the RNA to see if the predictions of
the structure was correct.

Moving forward to the stability between the wildtype and mutant, tm graphs for the
two was made. These are shown in figure 6b and figure 6d respectively. It is hard to
distinguish any big stability differences just by comparing the graphs. Both structures
unfolds as expected which can be seen in figure 6a and figure 6c respectively.

6.3.2 LNPs does make the CD graphs more noisy

Figure 7a shows the assembled LNPs without any RNA. This spectrum was what was
expected from this sample due to LNPs not being optically active and thereby showing no
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(or close to no) signal. Comparing this spectrum to the two with the wildtype and mutant
inside the LNP, figure 7b and figure 7c, the pattern from the RNA is very distinct. This
is very good to see since the qubit from these samples showed no free/un-encapsulated
RNA, and these spectrum from CD shows that there is definitely RNA in the sample,
stating that the RNA must be encapsulated by the LNPs. However, the signal from the
RNA is much lower than in 5 due to the lower concentration in the LNPs. This resulted
in very unclear Tm graphs for both the wildtype and mutant. The results from the tm
measurements is shown in figure 8a, 8b, 8c and 8d. The RNA pattern is very unclear
compared to figure 6a and figure 6c without the LNPs. The graphs from the mutant
shows slightly clearer results with the RNA pattern as well as the expected slope in the
tm graph which implies that the structure of the RNA unfolds.

6.3.3 The isotope labeled RNA do generate more noise than the non-isotope la-
beled

Both the isotope labeled mutant and wildtype do show the RNA pattern in figure 9a
and figure 9c. The signal is however very noisy and only the peak at 260nm and slope
afterwards can be distinguish. The signal and noise gets to high in the end resulting in
very high HT values and also a very bad signal. Because of the noisy signal, it is very
hard to compare the two and try to draw any conclusions. The isotope labeled RNA
inside the LNPs are shown in figure 9b and figure 9d. The peak at 260nm is still there,
but the signal is even noisier making it hard here as well to compare the two. There is no
clear reason of why the isotope labeled RNA became this much noisier compared to the
synthesized RNA with non isotope labeled ribonucleotides. Continuing with comparing
the Tm graphs, shown in figure 10a - 8d for the wildtype and mutant. The noise gets
even worse and the expected slope in the TM graph that implies that the structure has
been unfolded is almost completely gone.

6.4 The size of LNP was determined by DLS with ambiguity

After the LNPs had been assembled, the expected diameter of these where roughly be-
tween 60-150nm. Table 6 shows the sizes obtained from the two methods used for size
determining. It can clearly be seen that most of them are in the expected size range.
However, when comparing the results further, both between the two methods and be-
tween the LNPs there are some variations. W130i SABRe did in all cases except for
one show a bigger diameter than the Nanotrac Wave. It also showed a lower PDI which
insinuates that the sample is more homogeneous. The filtration step resulted in some of
the big aggregations in the sample being filtered out. This can be observed in the graphs
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in Appendix C from the Nanotrac Wave instrument. Here it can be seen that the peaks
that correlates with higher diameter gets removed after the filtration.

When comparing the LNPs with isotope labeled assembled 27th of march to the LNPs
with non isotope labeled assembled 7th of April it can be seen that the LNPs with isotope
labeled RNA are bigger. This is true for all the measurements done via Nanotrac Wave
and for two out of three of the comparisons for the measurements with W130i SABRe.
The particles assembled with non-isotope RNA show very small diameter. It is however
hard to know if this is due to the RNA being isotope labeled or the fact that all the
LNPs have been stored in -20 degrees Celcius in PBS after the assembly was made.
Since the PBS clearly makes the LNPs less stable, it is possible that when storing at -20
degrees Celcius the particles starts to disintegrate and aggregate, resulting in particles of
other sizes and compositions. Since the LNPs with the non-isotope labeled RNA were
assembled earlier this results in them being stored longer in the freezing, possibly also
leading to more disintegration and aggregation. It is unfortunate that the protocol for
the LNPs where an old protocol from Pfizer-BioNTech where they still used PBS as the
buffer. It the LNPs had been stored in Tris buffer instead, as the new vaccines, it may
have resulted in more homogeneous solutions after storage.

6.5 The pictures from EM validates the DLS

EM was mostly used to verify the results from the size determining step. The pictures
visualized what the DLS and Microtrac had already predicted, that the particles where
in the right range and that the samples where not that homogeneous. At the pictures
it is clear that there is both some aggregated bigger particles but also particles that are
smaller than the expected range. Since there is no way of seeing the RNA inside the
LNPs with this method, the only encapsulation verification step was via qubit.
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7 Conclusion

To conclude, the overall method for the project did work but needed modifications along
the way. There were some issues with polymerase running out and machines breaking,
along with using the isotope labeled bases. These unexpected issues did result in time
running low and the sample for NMR did not have a high enough concentration for any
results to be obtained from that method. Since NMR should have been the method for
detection of the differences between the mutant and wildtype to be visible it is hard to
draw any clear conclusions on how this mutation affects the overall stability, structure
and dynamics of the RNA-loaded LNPs LNP. The results from CD shows no real differ-
ence between the two RNA strands both when it comes to comparing the sequences by
themselves but also when doing the Tm graphs to try to compare stability. Furthermore,
from the evaluation method used, DLS, Microtrac, EM and CD, there was no clear dif-
ference between the LNPs with the mutant and wildtype. DLS and microtrac did show
similar sizes of the different LNPs, however, the PDI and SD is very high which makes
the results rather unreliable. The CD results also shows a lot of noise for some of the
graphs and because of this it can not be stated that the the mutant and wildtype are as
similar as these results insinuates. More time would have been needed for the results to
be verified via NMR.
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9 Appendix

A
Protocols

A.1 mRNA synthesis
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Promotor TAA TAC GAC TCA CTA TAG GGA GA 
 
 
1. Day 1 – mRNA design and prep 
1. Template prep. IDT (integrated DNA technologies) 

1. Resuspend. After briefly spinning down each oligonucleotide pellet, dissolve in Duplex 
Buffer (100 mM Potassium Acetate; 30 mM HEPES, pH 7.5; available from IDT)—this 
provides a buffering environment and the salt is necessary for oligonucleotide 
hybridization. Dissolve each oligo at high concentration (1–10 OD260/100 μL); see Table 
1 for guidelines on resuspension volumes. Heating (up to 94°C) and vortexing will 
facilitate resuspension. 
2. Mix. Add the 2 oligo strands together in equal molar amounts. This step is critical to 

avoid residual single-stranded material. Mix 1,5 ul from each, so that the total volume 
is 3ul and we need 2ul.  

3. Anneal. Heat the mixed oligonucleotides to 94°C for 2 minutes and gradually cool. 
Cool by just turning the heating block off and then wait for 30min.  

 
2. In-intro transcription protocol 
1. Thaw the frozen reagents  

Place the RNA Polymerase Enzyme Mix on ice, it is stored in glycerol and will not be frozen 
at –20°C.  

Vortex the 10X Reaction Buffer and the 4 ribonucleotide solutions (ATP, CTP, GTP, and 
UTP) until they are completely in solution. Once thawed, store the ribonucleotides on ice, but 
keep the 10X Reaction Buffer at room temperature while assembling the reaction.  

All reagents should be microfuged briefly before opening to prevent loss and/or 
contamination of material that may be present around the rim of the tube.  

2. Assemble transcription reaction at room temp  

The spermidine in the 10X Reaction Buffer can coprecipitate the template DNA if the 
reaction is assembled on ice.  

Add the 10X Reaction Buffer after the water and the ribonucleotides are already in the tube.  

The following amounts are for a single 20 μL reaction. Reactions may be scaled up or down if 
desired.  

Primer name Sequence 

WT_S-2P_2024-2053_sense TAATACGACTCACTATAGGGAGAAGACCCAGACCAATTCACCCCGGAGGGCAA 

WT_antisense_S-2P TTGCCCTCCGGGGTGAATTGGTCTGGGTCTTCTCCCTATAGTGAGTCGTATTA 

P681R_S-2P_sense TAATACGACTCACTATAGGGAGAAGACCCAGACCAATTCACGCCGGAGGGCAA 

P681R_antisense_S-2P TTGCCCTCCGGCGTGAATTGGTCTGGGTCTTCTCCCTATAGTGAGTCGTATTA 



 

3. Mix thoroughly 
Gently flick the tube or pipette the mixture up and down gently, and then  

microfuge tube briefly to collect the reaction mixture at the bottom of the tube.  

4. Incubate at 37°C, 16h  

 

 

Day 2.  

5. Add 1 μL TURBO DNase, mix well and incubate 15 min at 37°C  

This DNase treatment removes the template DNA. For many applications it may not be 
necessary because the template DNA will be present at a very low concentration relative to 
the RNA.  

a. Add1μLTURBODNase,andmixwell(the reaction may be viscous).  

b. Incubate at37°C for 15 min.  

 



3. RNA recovery - Phenol:chloroform extraction and isopropanol precipitation  

Prepare 3 tubes: phenol:chloroform (mix bottle to get both phases), chloroform (in the bottom 
drawer in the other room), 2-propanol (in the flammable cabinet)  

1ml of each.  

 

1. Add 115 μL Nuclease-free Water and 15 μL Ammonium Acetate Stop Solution, and mix 
thoroughly.  

2. Extract with an equal volume of phenol/chloroform (it can be water-saturated, buffer-
saturated, or acidic), and then with an equal volume of chloroform. Recover aqueous phase 
and transfer to new tube.  
- 150 ul chloroform, since 115 water, 15 ammonium and 20 enzyme mix.  
- 100 ul phenol (150??) 
- transfer the top layer to a new tube 

3. Precipitate the RNA by adding 1 volume of isopropanol and mixing well.  

4. Chill the mixture for at least 15 min at –20°C. Centrifuge at 4°C for 15 min at maximum 
speed to pellet the RNA. Carefully remove the supernatant solution and resuspend the RNA in 
50 ul IDT to each tube. Changing buffer?  

5. Store frozen at –20°C or –70°C.  

Native Agarose Gel Electrophoresis of RNA 
 

• 1 g Agarose to 100ml 1X TBE.  
o Microwave until it is completely dissolved 

• Put tape on the sides and then pour in around 30ml + 3ul dye with a pipette and mix 
around 

• Put in the comb and let settle  
• 2 ul sample, 7ul H2O, 1 ul loading dye  

o Start timer (takes around 30-40min)  
o REMOVE the tape  
o Set Volt to 100 
o Current to 75  
o Travels from negative to positive since mrna is negatively charged. Black to 

red.  
• Take a picture of the gel in the machine to the left 

 
 Quantitation by UV light absorbance - Nanodrop 

Reading the A260 of a diluted aliquot of the reaction is clearly the simplest way to determine 
yield, but any unincorporated nucleotides and/or template DNA in the mixture will contribute 
to the reading. Typically, a 1:300 dilution of an aliquot of a MEGAscript® reaction will give 
an absorbance reading in the linear range of a spectrophotometer.  



For single-stranded RNA, 1 A260 unit corresponds to 40 μg/mL, so the RNA yield can be 
calculated as follows:  

A260 x dilution factor x 40 = μg/mL RNA  

• Wash with 2.1ul water 
• Select nucleic acid  
• Sample type – RNA  
• Blank with water  
• Load 2.1 ul sample  

o Sample ID: mRNA_WT  
o Write down A-260  
o A260*300*40 = actual conc (but is not very accurate)  

• Wipe  
• Show report  

RNA verification and quantification - BR qubit assay for RNA and DNA 
 

1.1  Set up the required number of 0.5-mL tubes for standards and samples. The 
Qubit® RNA BR Assay requires 2 standards.  

Note: Use only thin-wall, clear, 0.5-mL PCR tubes. Acceptable tubes include Qubit® assay 
tubes   
 

1.2  Label the tube lids.  
Note: Do not label the side of the tube  
 

1.3  Prepare the Qubit® working solution by diluting the Qubit® RNA BR Reagent 
1:200 in Qubit® RNA BR Buffer. Use a clean plastic tube each time you prepare 
Qubit® working solution. Do not mix the working solution in a glass container.  
 

Note: The final volume in each tube must be 200 μL. Each standard tube requires 190 μL of 
Qubit® working solution, and each sample tube requires anywhere from 180–199 μL. Prepare 
sufficient Qubit® working solution to accommodate all standards and samples.  
For example, for 8 samples, prepare enough working solution for the samples and 2 standards: 
~200 μL per tube in 10 tubes yields 2 mL of working solution (10 μL of Qubit® reagent plus 
1990 μL of Qubit® buffer).  
 

1.4  Add 190 μL of Qubit® working solution to each of the tubes used for standards.  
1.5  Add 10 μL of each Qubit® standard to the appropriate tube, then mix by 
vortexing 2–3 seconds. Be careful not to create bubbles. 
 
1.6  Add Qubit® working solution to individual assay tubes so that the final volume in 
each tube after adding sample is 200 μL.  

Note: Your sample can be anywhere from 1–20 μL. Add a corresponding volume of Qubit® 
working solution to each assay tube: anywhere from 180–199 μL. (We used 1 ul)  
 

1.7  Add each sample to the assay tubes containing the correct volume of Qubit® 
working solution, then mix by vortexing 2–3 seconds. The final volume in each tube 
should be 200 μL.  
 



1.8  Allow all tubes to incubate at room temperature for 2 minutes. 
Proceed to “Reading standards and samples”; follow the procedure appropriate for  

your instrument:  
• “Qubit® 3.0 Fluorometer”, below  
• “Qubit® 2.0 Fluorometer” on page 5  

 
• Read the standars first and then proceed to reading the samples. The equation 

below is used to calculate the concentration.  
 

 



A.1.1 mRNA synthesis with isotope labeles bases

A.2 LNP preparation

Lipid nanoparticle production - Ethanol injection method

Use lipids of the following concentrations (ALC-0315 = (4- hydroxybutyl) azanediyl)bis
(hexane-6,1-diyl)bis(2- hexyldecanoate) = 0.43 mg (ionizable cationic lipid),
PEG 2000[(polyethylene glycol)-2000]-N,N ditetradecylacetamide =0.05 mg, 1,2-
Distearoyl-sn-glycero- 3-phosphocholine (DSPC) = 0.02 mg (neutral lipid), Cholesterol
= 0.2 mg or of the ratio Molar lipid ratios (= (%) ionizable cationic lipid : neutral lipid
: cholesterol : PEG- ylated lipid =) 46.3:9.4:42.7:1.6.

Dissolved lipids in 95% ethanol at 55 °C in Eppendorf tubes. The mRNA was
prepared in different Eppendorf tubed and dissolved in sodium citrate buffer (50mM,
pH 4). The lipids are then mixed via ethanol injection method until the end ratio of 3:1
(aqueous: ethanol). The final N/P ratio was 6. At the bottom of the Eppendorf tubes
a small magnet was placed to enable rapid stirring. Let the solutions mix in the tubes
at 55°C for approximately 4 hours. After mixing the samples, they were centrifuged at
4000xg for 4 times at 15 min each in centrifugal filters (cut off = 10KDa) until the pH
was 7.
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B
DLS data (W130i SABRe)

Figure 12 shows the DLS results for the LNP without any RNA. The LNP assembly was
done on march 7.

Figure 12: DLS for LNP without RNA 220407
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Figure 13 shows the DLS results for the LNP with ordered wildtype mRNA. The LNP
assembly was done on march 7.

Figure 13: DLS for LNP with WT mRNA 220407
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Figure 14 shows the DLS results for the LNP with ordered mutant mRNA. The LNP
assembly was done on march 7.

Figure 14: DLS for LNP with P681R mRNA 220407
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Figure 15 shows the DLS results for the LNP without mRNA. The LNP assembly was
done on march 27h with isotope labeled RNA.

Figure 15: DLS for LNP without mRNA 220427
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Figure 16 shows the DLS results for the LNP with ordered wildtype mRNA. The LNP
assembly was done on march 27 with isotope labeled RNA.

Figure 16: DLS for LNP with WT mRNA 220427
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Figure 17 shows the DLS results for the LNP with ordered mutant mRNA. The LNP
assembly was done on march 27 with isotope labeled RNA.

Figure 17: DLS for LNP with P681R mRNA 220427
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C
DLS data (Nanotrac Wave)

Figure 18 shows theMictrotrac results for the LNPwithout mRNA before filtration. The
LNP assembly was done on march 7.

Figure 18: DLS for LNP without mRNA before filtration 220407
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Figure 19 shows the Mictrotrac results for the LNP without mRNA after filtration. The
LNP assembly was done on march 7.

Figure 19: DLS for LNP without mRNA after filtration 220407
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Figure 20 shows the Mictrotrac results for the LNP with WT mRNA before filtration.
The LNP assembly was done on march 7.

Figure 20: DLS for LNP with WT mRNA before filtration 220407
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Figure 21 shows the Mictrotrac results for the LNP with WTmRNA after filtration. The
LNP assembly was done on march 7.

Figure 21: DLS for LNP with WT mRNA after filtration 220407
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Figure 22 shows the Mictrotrac results for the LNP with mutant mRNA before filtration.
The LNP assembly was done on march 7.

Figure 22: DLS for LNP with P681R mRNA before filtration 220407
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Figure 23 shows the Mictrotrac results for the LNP with mutant mRNA after filtration.
The LNP assembly was done on march 7.

Figure 23: DLS for LNP with P681R mRNA after filtration 220407
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Figure 24 shows the Mictrotrac results for the LNP without mRNA after filtration. The
LNP assembly was done on march 7 and the measurement was done on May 5th.

Figure 24: DLS for LNP without mRNA after filtration assembled 220407 and measured 220505
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Figure 25 shows the Mictrotrac results for the LNP without mRNA after filtration. The
LNP assembly was done on march 27 and the measurement was done on May 5th.

Figure 25: DLS for LNP without mRNA after filtration assembled 220427 and measured 220505
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Figure 26 shows the Mictrotrac results for the LNP with WTmRNA after filtration. The
LNP assembly was done on march 7 and the measurement was done on May 5th.

Figure 26: DLS for LNP with WT mRNA after filtration assembled 220407 and measured 220505
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Figure 25 shows the Mictrotrac results for the LNP with WTmRNA after filtration. The
LNP assembly was done on march 27 with isotope labeled RNA and the measurement
was done on May 5th.

Figure 27: DLS for LNP with WT mRNA after filtration assemeled 220427 and measured 220505
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Figure 28 shows the Mictrotrac results for the LNP with mutant mRNA after filtration.
The LNP assembly was done on march 7 and the measurement was done on May 5th.

Figure 28: DLS for LNP with P681R mRNA after filtration assembled 220407 and measured 220505
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Figure 29 shows the Mictrotrac results for the LNP with mutant mRNA after filtration.
The LNP assembly was done on march 27 with isotope labeled RNA and the measure-
ment was done on May 5th.

Figure 29: DLS for LNP with P681R mRNA after filtration assemeled 220427 and measured 220505
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D
Pictures from CD

D.1 DNA

Figure 30 shows the dsDNA, ssDNA and RNA for the wildtype.

Figure 30: Comparrison of WT RNA DNA

Figure 31 shows the dsDNA, ssDNA and RNA for the mutant.

Figure 31: Comparison of P681R RNA and DNA
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E
Pictures from EM

Here some of the EM pictures taken at Rudbeck laboratory will be shown.

Figure 32 shows the EM picture of LNP with only buffer, no RNA.

Figure 32: EM picture of Buffer and LNP

Figure 33 shows the EM picture of LNP with isotope labeled wildtype RNA

Figure 33: EM picture of LNP and isotope labeled WT RNA
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Figure 34 shows the EM picture of LNP with isotope labeled wildtype RNA

Figure 34: EM picture of LNP and isotope labeled WT RNA

Figure 35 shows the EM picture of LNP with isotope labeled mutant RNA

Figure 35: EM picture of LNP and isotope labeled P681R RNA

Figure 36 shows the EM picture of LNP with isotope labeled mutant RNA
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Figure 36: EM picture of LNP and isotope labeled P681R RNA

Figure 37 shows the EM picture of LNP with wildtype RNA

Figure 37: EM picture of LNP and WT RNA

Figure 38 shows the EM picture of LNP with mutant RNA
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Figure 38: EM picture of LNP and P681R RNA

Figure 39 shows the EM picture of LNP with mutant RNA

Figure 39: EM picture of LNP and P681R RNA
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F
Table over the DNA concentration

Table 7: Table over the DNA concentration from qubit with dilution 200, HS = High sensitivity BR =
Broad range

qubit

Date 1/2 HS 2/2 HS 2/2 BR 9/2:1 HS 9/2:2 HS 9/2:3 HS

WT with dilution (ng/ml) 241 426 105 341 398 251
P681R with dilution (ng/ml) 183 346 154 357 381 375
WT (actual conc) (µg/ml) 48.2 85.2 21 68.2 79.6 50.2
P681R after corecting for dilution (µg/ml) 36.6 69.2 30.8 71.4 76.2 75
WT DNA contamination (%) 9.7 7.2 1.8
P681R DNA contamination (%) 3.8 6.2 2.8
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