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1

Introduction

1.1

LDL receptors and their function in the body

The low-density lipoprotein receptor (LDL-R) belongs to the group of Lipoprotein receptors is consists of 839 amino acids. The main role of these receptors is to uptake
high-cholesterol-LDL particles from the blood and keep the cholesterol level constant.
This uptake happens through endocytosis. The receptor is located on the cells surface
and recognizes the apoprotein B100 (ApoB-100) of LDL particles. The apoprotein B100
is located on the outer phospholipid layer of the LDL particles and interacts with the
receptor.1 In addition, this receptor can bind with the chylomicron of apolipoprotein E
(ApoE) and VLDL residues.
The most significant expression occurs in the adrenal and cortical tissues. The location
of the LDL-R gene on the human genetic code is on chromosome 19. The exact explanation will be given in chapter 1.1.1. Furthermore, one of the 27 single nucleotide polymorphism is located on the LDL-R gene, which contributes to an increased risk of hereditary vascular disease. 2,3
1.1.1 The LDL-R gene
The LDLR gene is located on chromosome 19 in location 19p13.2. The entire LDLR gene
segment is divided into 18 exons, which can generate 6 isoforms by alternative splicing.
•

Exon 1 encodes the signal sequence for the transport of the receptor to the cell
surface. Exons 2 - 6 encode the ligand binding regions

•

Exons 7 - 14 encode epidermal growth factor (EGF) domains

•

Exon 15 encodes the region rich in oligosaccharides,

•

Exon 16 - 17 encodes the membrane spanning regions

•

Exon 17 - 18 the cytosolic domain3

4

1.1.2 The protein of LDL-R
The LDL-R protein consists of different functional groups (3 EGF-like domains, 7 LDLR class A domains and 6 LDL-R class B repeats). Ligand binding occurs at the N-terminal domains and consists of seven repeats, which are approximately 50% identical to
each other. LDL-A or class A repeats consist of approximately 40 amino acids, with six
cysteine residues forming disulfide bonds.4
Individual Ca2 + ions are coordinated by means of an octahedral lattice, which consists
of acid residues of the individual amino acids. Calcium and disulfide bonds are essential
for the pathway of the protein into the endosome, but the exact mechanism cannot yet
be explained.5
Furthermore, the protein consists of three repetitive growth factors, which are named
A, B and C. A and B are closely located to each other. The growth factor C is separated
by the amino acids YWTD, which form a beta-propeller conformation. The EGF precursor homology domain (EGFP domain) is adjacent to the ligand-binding domain.4,6
The rich in O-linked oligosaccharides domain has a very low role according to current
knowledge. This domain could therefore function as a spacer to push the receptor out
of the membrane.
In the transmembrane domain are 22 non-polar residues that form a single alpha helix.
Approximately Fifty amino acids form the cytosolic C-terminal domain, which is important for the localization of the clathrin-coated pits. With the help of this domain, the
receptor can perform endocytosis.4,7,8
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1.1.3 LDL-R and his function in the body
The endocytosis of high-cholesterol LDL by the LDL-R is the main mechanism, which
maintains the cholesterol level in the blood-plasma constant. Uptake in liver cells alone
accounts for about 70% of the plasma LDL removed, but LDL receptors are found
throughout the body in nearly all tissues. The clathrin-coated pits form endocytic vesicles that carry the LDL into the cell. Subsequently, the receptor dissociates from his
ligand and the receptor folds back itself, returning to the cell membrane.4
However, endocytosis can also allow viruses such as Flaviviridae (this group includes
the hepatitis C virus) to enter the cell. These viruses couple to lipoprotein and are taken
into the cell via LDLR-mediated endocytosis.4,6
The cell itself regulates the LDL-R synthesis by to the amount of intracellular cholesterol. If the requirement is exceeded, transcription of the receptor gene is inhibited and
no new receptors are synthesized. The translation takes place on the endoplasmic reticulum and the Golgi apparatus modifies the receptor.8,9
1.1.4 Importance in clinical research
LDL is directly involved in the development of atherosclerosis and is therefore responsible for a variety of cardiovascular diseases. The main cause is the accumulation of
LDL in the blood.10 Furthermore, the LDL receptor is associated with hypothyroidism
and hypocholesterolaemia. Metabolomic syndrome and steatohepatitis are also related
to LDLR. Recent research has shown that triglyceride-rich lipoproteins also lead to an
increased myocardial infarction risk.11
1.2

Cardiovascular diseases (CVD) – A worldwide problem

The most common cause of death worldwide are Cardiovascular diseases (CVD). They
affect in general the blood vessels and/or the heart.
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Naming some of the CVDs: angina, heart attack (myocardial infarction), stroke, hypertensive heart disease, heart failure, thromboembolic disorders and peripheral-arterydisease.

Figure: The cause of heart failure12

The cause of CVDs can vary and it depends on some controllable and uncontrollable
factors. In my research field, I focus on coronary artery diseases, which are associated
with atherosclerosis. The cause is usually the unhealthy lifestyle (controllable factor),
such as smoking, physical inactivity, obesity, poor diet and excessive alcohol intake, but
genetic predisposition (uncontrollable factor) can also play a big role. Since the largest
share of causes of death is an unhealthy lifestyle, according to recent estimates, 90% of
CVD deaths would be avoidable.13 Every high-risk person can lower the risk of getting
a stroke or heart attack, by living healthy. Precaution is better than aftercare.
According to statistics, the main cause of death from CVD is increased blood pressure,
accounting for approximately 13% of deaths. Tobacco (9%), diabetes (6%), physical
inactivity (6%) and obesity (5%) occupy the back ranks.14,15
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As mentioned before, cardiovascular disease is the leading cause of death worldwide.
CVD diseases contributed 17.3 million deaths (32.1%) in 2015. This is an increase of
nearly 25% in 25 years (12.3 million, 25.8% in 1990).15,16,17

1.3

Atherosclerosis – a direct link to CVD

Atherosclerosis belongs to the clinical picture of coronary heart disease (CHD). These
diseases are number one of the world's leading causes of death.

Figure: Progression of arteriosclerosis12

Plaque accumulates on the affected arterial walls, leading to constricted blood vessels
that slow down blood flow. By slowing down the flow of blood, blood clots form that
can completely block the vessel. This results in medical emergencies such as heart attacks and strokes, which can lead to death if not treated in time. Some CAD risk factors
are not taxable and others can be changed. Since the process of this disease is often
creeping, CAD extends over a longer period until it is discovered.14 The main diagnostic
tools are the electrocardiogram (ECG), cardiovascular stress tests and risk-marker
identification. The therapy methods of the CAD include the change of lifestyle (sports,
nutrition etc.), medications and in extreme emergency operations.18
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Figure 1: Normal human artery vs. arteriosclerotic human artery12

For a better understanding, the anatomy and physiology of the human circulatory system is examined more closely. The heart, a muscle, pumps blood via arteries throughout the body, supplying all tissues and organs with vital oxygen. In the walls of these
arteries, plaque can accumulate, thus clogging the vessel and inhibiting its function in
oxygen delivery.19
The main component of this plaque is cholesterol. The accumulation of this lipoprotein
on arterial walls is usually a combination of lifestyle factors and the genetic factors.
These two risk factors can lead to atherosclerosis in humans at an early age.14 Over a
long period in time, more and more plaque accumulates, leading to a constriction of
affected blood vessels. This results in a slowing of the blood flow, which further aggravates the disease, because in decreased flow, blood clots form even more likely.16
If oxygen supply to a tissue is decreased of even stopped, said tissues function will be
impaired, inducing typical symptoms like angina or pain. For instance in the heart, a
blockage of the coronary arteries (arteries which supply the heart itself with oxygen)
can lead to the clinical picture of angina pectoris, or in the worst case, a heart attack.17,20
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Risk factors that cannot be modified include
•

Age
With age, the risk of heart disease increases

•

Gender
Men: Men over 55 years are at higher risk for heart disease
Women: The risk of heart disease in women increases after menopause until it
reaches the level of the man

•

Inheritance
The personal risk of suffering from heart disease increases with the number of
CVD sick family members (parents, sister, brother ...)

•

Ethnic Belonging
People from first World countries, African or Asian descent are at the highest
risk of developing heart disease18

Risk factors that can be modified include

1.4

•

Smoking

•

Overweight / Obesity

•

Excessive stress

•

Diabetes / sugar disease

•

Lack of regular exercise

•

high blood pressure (hypertension)

•

Depressions18
Endocytosis

Endocytosis is the process behind the transport of liquids, solids and molecules into
the cell. The generic term endocytosis is further divided into phagocytosis (uptake of
solid substances), pinocytosis (uptake of dissolved substances) and receptor-mediated
endocytosis.21,22
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1.4.1 Phagocytosis
Large and solid particles are taken up by the cell. This process is colloquially called "cell
eating". The process is e.g. observed in the penetration of microorganisms into the human body. The foreign bodies are engulfed by the white blood cells and then eliminated.22
During the process of phagocytosis, the inwardly directed part of the surface is coated
with clathrin. This protein serves to stabilize the surface, as it turns outward around
the particle. After the inclusion of the particle in the cell, the clathrin separates from
the cell wall and fuses with the lysosome.22,23

1.4.2 Pinocytosis
In contrast to phagocytosis, pinocytosis absorbs liquid substances - literally, this means
"cell drinking". The goal of this process is to pick up certain molecules, including water,
from the extracellular fluids. Compared to the phagocytosis the vesicles are smaller and
it does not fuse with the lysosome. A protein named caveolin plays an important role.
Caveolin is formed on the cytoplasmic side of the membrane and performs the same
function as clathrin.22,24
1.4.3 Receptor-mediated endocytosis
Certain receptor proteins in the plasma membrane are used to specifically take advantage of the binding affinities to extracellular substances. Clathrin binds to the cytoplasmic side of the membrane and awaits receptor-mediated binding. If it is not bound,
the protein / compound cannot be removed from the blood or extracellular medium
and there is an increase in the concentration in these fluids.25
This process explains some human diseases, where substances such as low-density lipoprotein (LDL) can accumulate in the blood. For instance, this is the case in familial
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hypercholesterolemia, in which by a gene defect the LDL receptors are defective and
thus cannot carry out their function in LDL uptake. This leads to an accumulation of
LDL particles and life-threatening high cholesterol levels in the blood. Patients affected
by this disease may develop cardiovascular disease very early.25
In most cases, only receptor-specific substances enter the cell via receptor-mediatedendocytosis. But there are some known pathogens (e.g. Influenza virus), that enter into
the cell because they can cross-react at the receptor binding site.25,26

Figure 2: Schematic overview of clathrin mediated endocytosis

The best-studied endocytosis mechanism is receptor-mediated endocytosis, which,
like phagocytosis, uses clathrin. The cargo ligands bind to the receptor of the cell membrane.27 Subsequently, adapter proteins and clathrin triskels are passed through the
charge ligand and the receptor to the outer membrane of the cell. Buds form which
form a clathrin-coated pit. By means of BAR domain proteins such as dynamin, the previously formed pit is split off from the plasma membrane. After encapsulation of the
clathrin-coated vesicle, this vesicle fuses with the endosome and can be sorted. At last,
it is decided whether the vesicle is recycled or sorted into other transport routes.26,28
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2

Theoretical Background

2.1

CRISPR - a new way of gene editing

The Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR) are originally involved in prokaryotic immunity, but have been adapted for genomic engineering. A CRISPR experiment consists of two main factors. The guide RNA (gRNA) and an
endonuclease protein from Streptococcus pyogenes (Cas9).29
These palindromic sections are stored, with intermediate genetic fragments, of prokaryotes. These lie between the CRISPR loci and the fragment of foreign viral DNA. After
infection of a virus, the prokaryotes save fragments of foreign DNA to protect against
future infections. Upon re-infection, the foreign DNA is detected and deactivated. Exactly this "defence system" is used in the CRISPR / Cas9 technique.30
The best way to illustrate this example is to imagine a GPS-guided molecular scissors.
The Cas9 protein (scissors) is targeted to a specific sequence target by a given leader
RNA (GPS). After docking of the Cas9 protein, a double-stranded strand break is induced on the target sequence. Due to the complementarity of the lead RNA, the CRISPRCas9 scissors have a very high specificity in the area of gene editing.30
To be more specific, the gRNA must be divided into two distinct parts: the CRISPR RNA
(crRNA) and the trans-activating CRISPR RNA (tracrRNA). The complementary portion
to the target sequence is called crRNA and is 20 base pairs long.30 The tracrRNA allows
the maturation of the crRNA. Together, these two RNA sections yield the single-guide
RNA (sgRNA), which can be ordered for the experiment.31
The gRNA sequence binds next to an adjacent protospacer motif (PAM), which represents the recognition sequence for the Cas9 enzyme. The PAM sequence consists of one
or more trimers with the sequence 5'-NGG-3'. After cutting through, there are two different repair mechanisms for this double-stranded fraction. The simple and more common mechanism in nature is the non-homologous end joining (NHEJ). In this process,
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the break recombines, but nucleotides can be inserted or deleted, which can lead to
point mutations. The frameshift mutation interferes with the function of the genetic
element, but this process is random and cannot be controlled.32 By homologous directional repair (HDR), the cell can achieve a desired sequence change due to a homologous DNA template. In this case, the template is used to incorporate the desired change
into the genome from the broken sequence by homologous recombination.
In summary, CRISPR genome editing consists of two central points. On the one hand, a
double-stranded fracture is caused and then it is repaired. 30,32
Microinjection of mice
Using extremely thin glass capillaries (0.1-1 μm in diameter), reagents are transformed
into single cells (e.g., fertilized mouse oocytes). The technique of microinjection is used
by default in in vivo CRISPR / Cas9 experiments. Here, foreign DNA / proteins are introduced into cells and thus their recombination is investigated.33

2.2

LRP1b – LDL receptor-related protein 1b

A representative of the LDL receptor family is the LDL receptor-related protein 1b
(LRP1b), which is one of the largest known membrane receptors at 600 kDa. In addition to the potential role in atherosclerosis, LRP1b is also considered a tumour suppressor as it is often inactivated in various tumour cells (e.g., non-small cell lung carcinoma cells). The receptor is expressed in the brain, thyroid, skeletal muscle smooth
muscle cells and the testes / ovaries). The extracellular ligands such as ApoE-bearing
lipoproteins and fibrinogen have been identified as extracellular ligands and therefore
point to a possible role of LRP1b in the pathogenesis of atherosclerosis.34,35
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Figure 3: Schematic structure of LRP1b

2.3

Site directed mutagenesis (SDM)

Site-directed mutagenesis (SDM) is used to introduce desired mutations into plasmids
by using specially designed primers. A PCR protocol amplifies the new plasmid template and removes the original template with a methylation-dependent endonuclease
(e.g., KLD enzyme mix). As a last step, the plasmid is transformed into bacteria (e.g.,
DH5alpha).36 By subsequent isolation of positive clones and sequencing of the product,
the mutation is screened.36,37
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Figure 4: Schematic representation of the site-directed mutagenesis

With the help of site-directed mutagenesis, nucleotide substitutions / additions or deletions can be introduced into plasmids. This technique is often used in conventional
cloning, functional analysis of proteins, and in SNP analysis.36 Each complementary sequence (primer sequence) is designed to target the mutation so that the primer can
bind. The primer design is very crucial to the success of the experiment. They should
not have any repetitive and palindromic sequences, because the PCR will not work. A
remedy for this problem could be the extension of the primer sequence.
SDM is used to insert restriction sites and facilitate screening of the mutant clones.
Here, the primers are designed so that at least six bp of the primer are superimposed.
It can be guaranteed to get a pitch circle instead of a linear product.38,39
For an increased success rate of mutagenesis, the template should be a high purity plasmid. Depending on the size of the template, the PCR protocol should be adapted to the
length. Here, the elongation time per one kb is extended. The addition of DMSO increases the success rate of amplification, especially in GC-rich plasmids.38 The reason
for this lies in the reduction of the secondary structures of the template and in the reduction of the primer annealing temperature.40 The use of nucleases (KLD enzyme mix)
removes the starting plasmid. These enzymes are characterized by cutting only on
methylated adenosine at the GATC recognition site.40,37
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By using high-fidelity and proofreading polymerase, e.g. the Q5 polymerase, unwanted
mutations in the PCR process are avoided. These are polymerase, such as Pfu polymerase which also produce blunt ends.
The screening of bacterial colonies are e.g. carried out with the help of a restriction
digest. The plasmid is digested with the appropriate enzyme and then run on a gel. 39,40
2.4

Polymerase Chain Reaction (PCR)

The PCR is used to amplify certain regions of a DNA strand. The length can vary between 0.1 and 10 kilo base pairs. The available substrates determine and limit the
amount of amplified product.41
In order to perform a successful PCR, there must be some factors including a DNA template, a DNA polymerase (an enzyme for polymerizing the new DNA strains), two primers (for sense and antisense strand), desoxynucleoside triphosphates (dNTPs), a
buffer solution.40
•

DNA template: The DNA must contain the region to be amplified40

•

DNA polymerase: A heat-resistant enzyme for the polymerization of new DNA
strains

•

PCR primer: Two primers are selected around the target region. The primers
are complementary to the target region and one primer per strand is designed

•

Deoxynucleoside triphosphates (dNTPs): They are the building blocks from
which DNA polymerase synthesizes a new strand40

•

Buffer Solution: The buffer solution provides the DNA polymerase with a suitable environment to guarantee optimal activity and stability. Mostly divalent cations, e.g. Mg2 + used for the provision of suitable surrounding42

The reaction of the above-mentioned components is then carried out in a thermocycler.
This cycler heats and cools the tubes for each reaction step. The rapid heating and cooling of the PCR tubes is achieved by the Pelletier effect (reversal of the electric current).
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Thin-walled PCR tubes allow rapid heat exchange between cycler and solution. The
heated lid (usually over 100C) prevents condensation on the lid of the tube.40
Procedure: The entire polymerase chain reaction is performed in several cycles. The
thermal cycler typically repeats its temperature cycles 20-40 times. Before the temperature cycle, the reaction is started at a high temperature (> 90C). At the end of the PCR,
a constant temperature is chosen for storage of the PCR product. Individual parameters, such as type of polymerase, concentration of bivalent ions and melting temperature (Tm) of the primers, influence the length and temperature of the cycles. The following steps are used for a common PCR:43

Figure 5: Representation of a standard PCR

•

Initial Initialization: DNA polymerases require heat activation, with the reaction
chamber being heated to temperatures of 94-98C for 30 seconds to 10
minutes.41

•

Denaturation: The first step in the cycle is to denature the double-stranded DNA.
In doing so, hydrogen bonds between the complementary bases are broken up.
Temperatures of 94-98C are held for 10 seconds to 1 minute.41

•

Annealing: Here, the primers are attached to the single-stranded DNA. The temperature must be low enough to allow hybridization of the primer to the strand,
but high enough for specific hybridization. The annealing is carried out at 50-
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65C, depending on the nature of the primer (GC content). The temperature is
held for 30 seconds to 1 minute. Typically, the annealing temperature of the primers is about 3-5C below the Tm of the two primers.44
•

Extension: here, the DNA polymerase synthesizes a new and complementary to
the template DNA strand. The 5' phosphate group of the dNTPs condense with
the 3'Hydroxygroup at the end of the strand formed. Most polymerases manage
to synthesize a 1 kB new DNA strand in one minute. Under ideal conditions, the
DNA number of the target sequence is doubled at each step. In conclusion, this
is an exponential amplification of the target region. Usually a temperature of
72C is maintained for 1 minute to 5 minutes.42

The aim of these three amplification steps is to multiply the target DNA as often as possible.
•

Final Extension: To ensure that remaining DNA strands are fully extended, a 215 minute extension phase is added at the end of the cycles. Most are set here
temperature of 70-74C41

•

Storage: In the final step, a temperature of 4-12C is selected indefinitely to ensure short term storage of the samples41

2.5

Cell culture

One of the most important work during my stay was the cell culture. Usually there are
special rooms, because sterile work must be done. Most primary cultures are obtained
from different cell tissues. The tissue (mostly from the mouse) is treated by means of a
protease (trypsin), which degrades proteins. The cell structure is maintained. The trypsin dissolves the bonds between the cells and provides individual cells. Subsequently,
the cells are placed in culture medium and grown using growth factors.
In the case of tumour cells, the animal or human cells are analysed by PCR and sequencing and picked out individual clones for propagation. Another possibility would be to
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transfect healthy cells with a plasmid to genetically alter the desired genetic material
of the cell.45
Most cells, except tumour cells, have a limited lifespan (Hayflick limit). This means that
after a certain number of cell divisions doubling of the cell stops working. 46 In contrast,
tumour cells can divide infinitely by random mutations. This can also be achieved in
healthy cells by artificial expression of the telomerase gene.47
Cells can grow in two different ways, on surfaces (adherent cells) and in suspensions.
The choice of medium depends on the different cell types. These require different pH
values, amino acid concentrations or nutrients. Mostly media like RPMI-1640, Dulbecco's Modified Eagle Medium or Ham's F12 are used. These can still be added with special antibiotics or nutrients to form an optimal nutrient medium.48
Cells grow at 37 ° C and 5% CO2 in special incubators. After a few days, the cells are
released from the bottle and split again on several bottles (passage). The passage number indicates the frequency of splitting. The higher the number, the worse normal human / animal cells grow. For tumour cells, there is no passage number.
This work is usually carried out in our own cell culture laboratories, as special attention must be paid to hygiene. In order to guarantee a continuous stock of cells, "stocks"
are frozen in the laboratories and stored in liquid nitrogen.4945
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3

Materials and methods

3.1

CRISPR - clustered regularly interspaced short palindromic repeats

Oligo annealing:
Table 1: List of components for oligo annealing

100 µM Forward oligo

15 µl

100 µM Reverse oligo

15 µl

**Annealing buffer

45 µl

Total Reaction Volume

75 µl

Mix the two oligos in a PCR tube and incubate it on a thermo-cycler
**Annealing buffer (10mM Tris-HCl pH8.0, 0.1mM EDTA, 100mM NaCl)
Load annealed oligos and single oligos on an agarose gel to confirm the annealing

Table 2: Temperature cycle of Oligo annealing

1)

92°C

2min

2)

72°C

2min

3)

55°C

2min

4)

37°C

2min

5)

10°C

∞

Digest PX459 with BbsI over night at 37°C
Table 3: List of components for BbsI digest

Restriction Enzyme 1 µl
PX459 Vector 1 µg
10X Enzyme Buffer 5 µl
ddH2O x µl
Total volume 50 µl
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Gel purification of BbsI-digested PX459 vector and purifying it via Phenol/Chloroform
extraction.

Figure 6: structure of PX459 vector and the digest

Ligation of PX459 and oligos
Table 4: Ligation of PX459 and oligos

Diluted (1:20) oligo duplex (step 1)

1 µl

Digested PX459 Vector

50 ng

10X T4 ligase buffer

2 µl

T4 ligase

1 µl

ddH2O

x µl

Total Reaction Volume

20 µl

Incubate at 16°C over night.
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Digest of PX459 ligation and gRNA
Table 5: List of components for the digestion of PX459

Component

Volume (XX µl)

DNA

1 µg

10X CutSmart Buffer

5 µl

BbsI-HF

1 µl

AgeI-HF

1 µl

Nuclease free water

to 50 µl

Figure 7: Schematic work-flow of PX459 cloning

Do the digest after Mediprep, because enough yield is needed. Incubate at 37°C for 1h
and load the 5% agarose gel. Run the gel at 120V for 3h.
If two bands show up, the ligation didn’t work. One band proof the successful ligation.
To verify the result, run a Sanger sequencing.
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3.1.1 Transfection of N2A cells with Lipofectamin and FuGene6
Transfection can be performed when cells a confluency of around 70-90%. Carefully
wash cells twice with PBS and supplement with P/S free medium (0.5 ml per well) before transfection since P/S can decrease transfection efficiency. For all transfections
DNA:transfection media ratio of 1:1.5 and 1:3 is used.

Figure 8: Schematic workflow of a typical transfection
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Table 6: Lipofectamin2000 and Fugene6 protocols

Lipofectamin2000 Reagent
•

Pre-mix 1 µg of DNA (0.5 µg DNA &

FuGENE6
•

0.5 µg HDR template) with 50 µl
Opti-MEM medium
•

•

Pre-mix 0.6 µl FuGENE6 with OptiMEM medium to a total volume of

1 µl lipofectamine2000 with 25 µl

20 µl per reaction. Make sure Fu-

Opti-MEM medium. Set up all mas-

Gene6 does not get into contact

termixes for all transfections. Then

with plastic
•

Mix DNA and FuGENE6 solution

Lipofectamine2000 directly into liq-

within 5 minutes after adding

uid. Do not touch the plastic! Incu-

FuGENE into Opti-MEM. It is im-

bate for 5 minutes at room temper-

portant to not exceed 5 minutes

ature to allow formation of the lipid

•

Incubate DNA/FuGENE6 mixture

complex.

for at least 15 minutes and not

Combine 25 µl DNA mix with 25 µl

longer than 45 minutes at room

Lipofectamine2000 mix and incu-

temperature

bate at least for 20 minutes at room

•

(1:3) DNA into separate tubes

Mix in 2 separate tubes: 0.75 µl and

fill Opti-MEM into tubes and add

•

Pipette 0.4 µg (1:1.5) or 0.2 µg

•

Add mixture dropwise to cells

temperature. Do not exceed 45

swirl well and incubate cells over-

minutes.

night up to 2 days51

Pipette dropwise the whole
DNA/Lipofectamine2000 mix to
each well. Swirl the well and incubate cells overnight up to 2 days50
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Day 3
Start selection the second day after transfection
•

Re-plate cells into bigger culture dishes (step from 24 well plates to 6 well
plates or even 60 mm dishes

•

Fill 6-well plate with media to a final volume of 2 ml (60 mm plates require a
final volume of 4 ml) and add Puromycin (5 µg/ml for N2a). Mix well!

•

Then trypsinize cells (0.2 ml trypsin + 0.3 ml re-added medium) and add the
whole volume (0.5 ml) of one well into 1 well of the 6 well plate

•

Grow cells until they reach an appropriate confluence then either transfer
them to a bigger plate.

•

Selection can last for 2-3 weeks

3.1.2 Cell culture of N2A cells
Basic settings for N2a growth
Medium: DMEM high glucose, 10% FCS, 1% P/S
Incubator settings: 37°C, 8.8% CO2 (they also tolerate 5% CO2)
Plate 200,000 cells/well of N2a and let them grow for 2 days to be ready for transfection. To use cells on the next day, a density of 450,000 cells/well should be plated. This
counts only for 24-well plate!
Procedure for 10 cm dishes – Always adjust for bigger or smaller dishes:
•

Remove medium and wash once with 5 ml PBS. Add 2.5 ml trypsin (with
0.05% EDTA) to each cell dish. Put the dish back to incubator for 1 minute.

•

After incubation also add 2.5 ml medium per dish to inactivate trypsin. Break
cells up and strain cells through cell strainer (70 µm nylon) and count cells

•

Calculation for plating the right amount of cells:
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•

I.

Cell number x 10,000 = cells/ml

II.

𝑚𝑙 𝑐𝑒𝑙𝑙𝑠 =

III.

ml medium = desired ml – ml cells

𝑑𝑒𝑠𝑖𝑟𝑒𝑑 𝑚𝑙 𝑥 𝑐𝑒𝑙𝑙𝑠/𝑤𝑒𝑙𝑙
(𝑑𝑒𝑠𝑖𝑟𝑒𝑑 𝑚𝑙 𝑓𝑜𝑟 1 𝑥 24 − 𝑤𝑒𝑙𝑙 𝑝𝑙𝑎𝑡 = 12 𝑚𝑙)
𝑐𝑒𝑙𝑙𝑠/𝑚𝑙

Combine ml cells with ml medium, mix well and plate 0.5 ml per well. Let the
cells adhere overnight

3.1.3 Antibiotic cell selection and determination of the killing curve
Harvest the adherent cells (e.g. N2A) using trypsin. Dilute the cells in complete medium
and seed them in a 24-well plate. The typical cell density for N2A cells should 200.000
cells per well. Incubate the cells at 37°C over night. The next day you can add different
amounts of antibiotics.

Figure 9: A sample of a schematic killing curve determination
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3.1.4 Surveyor Assay
The Surveyor Nuclease Assay is used to detect mismatches of individual bases, deletions or insertions. The whole assay is based on the Surveyor Nuclease, which belongs
to the endonuclease family. This enzyme can recognize base substitutions and specifically cuts off at the 3' side. Thus, one or more mismatches of the DNA strands can be
detected. Originally, this assay was used to identify single mutations of organisms and
cell types, or to detect genomic alterations. Therefore, this assay is also very popular
for the detection of CRISPR-Cas9 experiments. The entire assay consists of 4 essential
steps and can be done relatively quickly and easily.
Workflow and Overview of IDT Surveyor Mutation Detection Kit

Table 7: Workflow of IDT surveyor Mutation Detection Kit

Step 1

PCR of wild-type and mutant DNA with Q5 DNA polymerase

Step 2

Combine equal amounts of mutant DNA and wild-type
DNA and hybridize them by heating and cooling. They
should form homo- and hetero-duplexes)

Step 3

Adding Surveyor Nuclease to cut at the mismatching base
pairs

Step 4

DNA fragments are analysed by agarose gel electrophoresis. In case of mismatches, the Surveyor Nuclease cut the
hybridized products and two or more bands will occur –
depending on the number of mismatches
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Step 1 - PCR amplification of wild-type and mutant DNA
Before PCR can be started, the cells have to be harvested and following steps are necessary to lyse the cells DirectPCR Lysis Reagent 20:1 2 mg/ml Proteinase K stock solution is used:
1. After trypsin treatment, wash the cells with PBS and centrifuge the tube at
max. speed for 1 min. Discard the supernatant.
2. Depending on the size of the cell pellet, add 200-300 µl of the lysis reagent and
proteinase K mixture.
3. Place the tube in the thermocycler or heating block for 5-6 h at 55°C. To inactivate the proteinase K, set the heating block/thermocycler to 85°C and incubate
for 45-60 minutes.
4. After inactivation place the tube in a table centrifuge and spin the remaining
cell tissues down.
Proceed these steps with both DNA templates (mutant and wild-type)
The following PCR should be performed with a proof-reading polymerase, to avoid single mutations during PCR.

Table 8: List of components for Q5 PCR

Component

Volume (25 µl)

5X Q5 Reaction Buffer

5 µl

10 mM dNTPs

0.5 µl

Primer fwd.

1.25 µl

Primer rev.

1.25 µl

Template DNA

1 µl

Phire Hot Start II DNA Polymer-

0.25 µl

ase
Nuclease-free water

To 25 µl
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Table 9: Temperature cycle of Q5 Polymerase

Step

Temperature

Time

Number of cycles

Initial Denaturation

98°C

30 s

1 cycle

Denaturation

98°C

10 s

Annealing*

50-72°C

30 s

Extension**

72°C

20-30 s/kb

Final Extension

72°C

2 min

1 cycle

Store

4°C

infinite

1 cycle

25-35 cycles

Run the gel at 120V for 1h. Extract the bands (phenol/chloroform) and measure them
with the Nano-drop.
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Step 2 - Formation of DNA duplex
After extraction, mix equal amounts of mutant and wild type DNA in a 0.2ml strip tube
to a final volume of 10 µl. Ideally, the concentration of each DNA type should be in the
range of 25-80 ng/µl. After mixing, place the tube in the thermal cycler and run this
program:
Table 10: Formation of DNA duplex

Temperature

Time

95°C

10 min

95°C to 85°C
85°C

(-2.0°C/sec)
1 min

85°C to 75°C
75°C

(-0.3°C/sec)
1 min

75°C to 65°C
65°C

(-0.3°C/sec)
1 min

65°C to 55°C
55°C

(-0.3°C/sec)
1 min

55°C to 45°C
45°C

(-0.3°C/sec)
1 min

45°C to 35°C
35°C

Temperature ramp

(-0.3°C/sec)
1 min

35°C to 25°C

(-0.3°C/sec)

25°C

1 min

4°C

hold

For a successful treatment with Surveyor Nuclease about 200-400 ng should be at least
hybridized DNA after this step.
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Step 3 – Digestion with Surveyor Nuclease
The hybridized DNA from Step 2 is cleaved with Surveyor Nuclease. Therefore, following components are added into a 0.2 ml strip tube. The resulting volume should be in
the range of 10-20 µl.
Table 11: Final step of Surveyor Nuclease Assay

Component

Amount

Hybridized DNA

200-400 ng

0.15 M MgCl2 Solution

1/10 of volume

Surveyor Enhancer S

1 µl

Surveyor Nuclease S

1 µl

After adding all components, the tube must be vortexed gently and incubate at 42°C for
60 min. For better results, a longer incubation time is needed. To stop the reaction, add
1/10 of volume of Stop Solution and store at -20°C
Step 4 – Analysis of DNA fragments
Load the digestion of Surveyor Nuclease on an agarose gel (1-2%). Check band sizes
after gel run and compare them with expected band sizes.52

3.2

Primer design

The design of the primers is crucial for the success of a PCR. The primer pair (reverse
& forward primer) must be complementary to the region of the DNA fragment. The
production of the primers takes place via a chemical addition of different nucleotides.
The most important factor in primer design is complementarity to the target region.
Guanine or cytosine is usually attached at the 3' end, with the 5' end of each of the four
nucleotides included. The length (size) of the primer should not exceed 30 nucleotides
and the design should prevent self-annealing. To summarize the previous paragraph:
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•

Longer of primers 20-30 bases (optimum around 25 bases)

•

Melting temperature should be between 50-60 ° C

•

The melting point of the two primers should be within 5 ° C

•

At the beginning and at the end should be 1-2 G or C but not a GC

•

40-60% GC content

•

Prevent self-annealing

•

Order primers always in the 5'3 'direction

3.2.1 Phire Hot Start II Polymerase
The following tables show the suggested cycles and amounts of components, but they
can differ from PCR to PCR.

Table 12: List of components for Phire Hot Start II PCR

Component

Volume (20 µl)

5X Phire Reaction Buffer

4 µl

10 mM dNTPs

0.4 µl

Primer fwd.

0.75 µl

Primer rev.

0.75 µl

Template DNA

1 µl

DMSO

1 µl

Phire Hot Start II DNA Polymer-

0.4 µl

ase
Nuclease-free water

To 20 µl
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Table 13: Temperature cycle of Phire Hot Start II Polymerase

Step

Temperature

Time

Number of cycles

Initial Denaturation

98°C

30 s

1 cycle

Denaturation

98°C

5s

Annealing*

60-72°C

5s

Extension**

72°C

10-15 s/kb

Final Extension

72°C

1 min

1 cycle

Store

4°C

infinite

1 cycle

25-35 cycles

* The right annealing temperature depends on the length and GC content of Primers
** Depending on how long the DNA is, a different extension time is used53,54

3.2.2 Taq Polymerase
The following tables show the suggested cycles and amounts of components, but they
can differ from PCR to PCR.
Table 14: List of components for Taq Polymerase PCR

Component

Volume (20 µl)

Soriano 10x PCR Buffer

2 µl

DMSO 3%

2 µl

BSA

1.25 µl

dNTPs

1 µl

Template DNA

1 µl

Taq Polymerase

0.25 µl

Primermix (fwd. + rev.)

1.5 µl

Nuclease-free water

11 µl
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Table 15: Temperature cycle of Taq Polymerase

Step

Temperature

Time

Number of cycles

Initial Denaturation

95°C

30 s

1 cycle

Denaturation

95°C

5s

Annealing*

45-68°C

5s

Extension**

68°C

10-15 s/kb

Final Extension

68°C

5 min

1 cycle

Store

4°C

infinite

1 cycle

25-35 cycles

* The right annealing temperature depends on the length and GC content of Primers
** Depending on how long the DNA is, a different extension time is used
3.2.3 Pfu Polymerase
The following tables show the suggested cycles and amounts of components, but they
can differ from PCR to PCR.
Table 16: List of components for Pfu PCR

Component

Volume (20 µl)

5X Pfu Buffer

4 µl

10 mM dNTPs

0.4 µl

Primer fwd.

0.75 µl

Primer rev.

0.75 µl

Template DNA

1 µl

DMSO

1 µl

Pfu Polymerase

0.5 µl

Nuclease-free water

To 20 µl
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Table 17: Temperature cycle of Pfu Polymerase

Step

Temperature

Time

Number of cycles

Initial Denaturation

95°C

1-2 min

1 cycle

Denaturation

95°C

0.5-1 min

Annealing*

42-65°C

30 s

Extension**

72-74°C

2-4 min

Final Extension

72-74°C

5 min

1 cycle

Store

4°C

infinite

1 cycle

25-35 cycles

* The right annealing temperature depends on the length and GC content of Primers
** Depending on how long the DNA is, a different extension time is used55
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3.2.4 Production of agarose gels and the gel extraction
Production of an agarose gel
Measure 1.5 g of Agarose and mix it with 100 ml 1x TAE buffer. Microwave for 3
minutes until the agarose is completely dissolved. Let it cool down to lukewarm (for
quicker cooling, the solution can be stored in the fridge or cooling room). Add 0.5 µl
ethidium bromide solution and pour agarose into the gel tray. Let it cool down to room
temperature or even to 4°C in the fridge. It should be completely solidified. Place gel in
the gel box and fill 1xTAE buffer into the box until the gel is completely covered.
Mix every sample with Loading Buffer (6X Gel Loading Buffer) to a final buffer concentration of 1X. Load the gel with the DNA ladder and the samples. Run the gel for 1-3h
at 100-150V. Depending on the band size, time and current can be adjusted.
Gel extraction
1. Cut the gel into small pieces and transfer them to a 1.5 ml tube. Make up to 500
μl with 1xTE buffer
2. Add 500 μl of phenol and vortex for 10 seconds. Afterwards throw the tube
into liquid nitrogen and wait about 20-30 seconds
3. Centrifuge at 25°C for 15-20 minutes (max. speed)
4. Pipe off the top phase and place in a new 1.5 ml tube. Add 500 μl of chloroform: isoamyl alcohol (24: 1) solution
5. Centrifuge at 25°C for 2 minutes (max. speed)
6. Transfer the supernatant in a new 1.5 ml tube and add 50 μl 3M NaOAc
7. To precipitate add 350 μl of isopropanol and put the tube in liquid nitrogen for
30 seconds or at -20°C for 1 hour. If it is frozen, thaw on ice
8. Pelletize in the centrifuge at 4°C for 15-20 minutes (max. speed)
9. Decant immediately after stopping the centrifuge and wash the pellet in 700 μl
70% EtOH
10. Centrifuge at 4°C for 5 min (max. speed) and decant directly after stopping
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11. Vacuum off the residual EtOH without loss of time. Do not let the pellet get too
dry, but do not leave EtOH behind. Finally, add 10-20 µl water to the pellet and
carefully dissolve it
Making competent DH5a cells

3.3
Day 1:

1. Mix cells (frozen stock) with 10 ml LB Medium
2. Inoculate the cells in 10ml LB Medium and Grow Overnight.
Day 2:
3. Inoculate 0.1 - 0.5% of the overnight culture in 100 ml of LB medium and cells
will grow until the O.D reaches 0.4 - 0.5 (A600 nm). Measure the culture every
hour
4. Once the O.D is reached incubate the culture at 4°C for 30 minutes
5. spin down the cells at 4°C for 5 minutes (5000rpm)
6. Discard the supernatant and re-suspend the cells in 25 ml of ice Cold 0.1M
MgCl2 and incubate on ice for 15 minutes
7. Centrifuge the cells at 4°C and 5000rpm for 5 minutes. Discard the supernatant
8. Re-suspend the cells in 25 ml of ice Cold 0.1M CaCl2 and incubate on ice for 15
minutes
9. Centrifuge the cells at 4°C and 5000 rpm for 5 minutes and discard the supernatant.
10. Re-suspend the cells in 1ml of ice Cold 0.1M CaCl2+20% Glycerol and aliquot
100ul into each 1.5 ml tubes and store them immediately in -80 degrees
11. One vial you can check for competency immediately by doing Transformation.
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3.4

Transformation in DH5a cells
1. Thaw the cells on ice (needs about 10-20 minutes)
2. Mix 10 g -100 ng of DNA with 25 µl of competent cells and gently mix it by flicking the tube
3. Incubate the mixture on ice for 30 minutes
4. Put the tubes into the pre-warmed heating block (42°C) and let it incubate for
45 seconds
5. Put it back on ice for 2 min and add 750 µl SOC media
6. Shake the mixture for 45 min at 37°C and plate the transformation on prewarmed LB agar plates (containing the antibiotic)

Figure 10: Schematic procedure of a heat shock transformation
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3.4.1 Harvest of Plasmid - Plasmid Miniprep Kit
Miniprep (High Pure Plasmid Isolation Kit – Roche)
1. Harvest the cells/bacteria. Centrifuge 0.5 - 4 ml culture at 6000g for 5 minutes.
Discard the supernatant
2. Store Binding Buffer on ice
3. Add the RNase to the Suspension Buffer if it is not added before!
4. Re-suspend the pellet in 250 µl Suspension Buffer + RNase. Afterwards add
250 µl Lysis Buffer. Mix gently by pipetting up and down. Incubate for 5
minutes at room temperature
5. Add 350 µl cold Binding Buffer and mix gently. Store on ice for 5 minutes.
6. Centrifuge for 10 minutes at max speed and discard the pellet.
7. Transfer the supernatant to High Pure filter tube and centrifuge for 60 seconds
at max speed.
8. Discard the flow-through and add 500 µl Wash Buffer I
9. Centrifuge at 13.000g for 1 minute and discard the flow-through
10. Add 700 µl Wash Buffer II and discard flow-through
11. Centrifuge at max speed 1 minute to dry the column
12. Exchange the 1.5 ml collection tube with a new tube
13. Add 50 µl autoclaved H2O and centrifuge at 13000g for 1 minute
To achieve better yield, the flow through can be put again on the column and centrifuged at 13000g for 1 minute. Measure the concentration at the NanoDrop and store at
-20°C.56
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3.4.2 Harvest of Plasmid - Plasmid Mediprep Kit
Midiprep for DH5alpha (NucleoBond® Xtra Midi Kit – Machery Nagel)
1. Harvest the cells and centrifuge at 4°C and 4000g for 15 min. Discard the supernatant
2. Add the RNase to the Suspension Buffer if it is not added before!
3. Add 8 ml RES Buffer and re-suspend the pellet by pipetting up and down.
4. Add 8 ml LYS Buffer and gently shake!
5. Incubate the suspension at room temperature for 5 minutes
6. Add 12 ml EQU Buffer to the filter. Slowly add the buffer on the edge of the column while you circle the edge
7. To neutralize the cell suspension, add 8 ml of NEU buffer. Shake the bottle until it is completely colourless
8. Invert the tube 3 times before you load the lysate on the column. After the liquid runs through, there should be no dripping at tip
9. Apply 5 ml EQU Buffer to the filter as described in 6.
10. If there is no dripping at the tip, discard the filter
11. Wash the column with 8 ml of Wash Buffer
12. Place column in a fresh/new 50 ml tube and elute DNA with 5 ml ELU Buffer.
Reuse the elution and “wash” the column again
13. Add 3.5 ml Isopropanol to each tube and vortex for 5 seconds
14. Centrifuge the tube at 4°C and 4000g for 1 hour. Pellet will be seen on the bottom.
15. Discard the supernatant
16. Add 2 ml of 70% ethanol to each pellet and resuspend it
17. Centrifuge 15°C and 4000g for 10 minutes
18. Discard the supernatant carefully and place the open tube upside down on a
paper towel
19. Dry it for 10-15 minutes. Pellet must not be dried out.
20. Resolve pellet in 150 µl autoclaved water
Measure the concentration on NanoDrop and store at -20°C.56
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3.5

KLD – Kinase, ligase and DpnI
Table 18: Components for the KLD mix

Component

Volume (10 µl)

PCR

1 µl

KLD Reaction Buffer (2X)

5 µl

KLD Enzyme Mix (10X)

1 µl

Nuclease free water

3 µl

Prepare 10 µl of reaction mix and pipette up and down. Incubate at room temperature
(25°C) for 5 minutes and store on -20°C. Transformation of plasmid using DH5alpha
cells and the Plasmid Minikit to amplify the plasmid.57

3.6

Sanger Sequencing

The facility core unit at the UT Southwestern performed this step. So, there is a basic
explanation of Sanger Sequencing, because we didn’t receive any protocols. Just the
results.
Sanger sequencing is the most commonly used sequencing method. This is also called
a chain termination method and is used to determine the nucleotide sequence of DNA.
This method was developed in 1977 by two-time Nobel laureate Frederick Sanger and
his team.
Sanger sequencing can be summarized in 3 main steps
1. In the first step n DNA fragments of different lengths are generated, which are terminated with a labelled nucleotide. The number of DNA fragments (s) depends on the
nucleotide bases of the target DNA sequence. These are prepared via the combination
of nucleotides (dTTP, dCTP, dATP, dGTP), primers, and DNA polymerases, and labelled
dideoxynucleotides (ddTTP, ddCTP, ddATP, ddGTP) are added. By incorporating the
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dideoxynucleotide, the DNA fragment can no longer be extended and each fragment
ends with a dideoxynucleotide.
2. Capillary gel electrophoresis is used to separate fragments of different lengths. The
shorter a fragment, the faster it moves through the capillary. At the end, the pieces of
DNA are separated lengthwise and can be further processed in the third step.
3. Here is excited spectroscopically with a laser, the end of each sequence. Because each
base is labelled differently, lights emitted from the base are different. In a chromatogram, one can then observe the fluorescence peaks of the individual nucleotides in the
correct order.58
3.6.1 Sequencing of mouse tail
Mouse Tail:
DirectPCR Lysis Reagent 10:1 2 mg/ml Proteinase K stock solution
Lysis of cells:
DirectPCR Lysis Reagent 20:1 2 mg/ml Proteinase K stock solution
After trypsin treatment, wash the cells with PBS and centrifuge the tube at max. speed
for 1 min. Discard the supernatant. Depending on the size of the pellet or mouse tissue,
add 200-300 µl of the lysis reagent and proteinase K mixture. Place the tube in the thermocycler or heating block for 5-6 h at 55°C. For better lysis, incubate overnight. To
inactivate the proteinase K, set the heating block/thermocycler to 85°C and incubate
for 45-60 minutes. After inactivation place the tube in a table centrifuge and spin the
remaining cell tissues down. Ready for PCR use! See PCR protocol. Use this lysis product as the DNA template.
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4

Experimental Work

4.1

Killing curve determination of Puromycin

N2a cells were harvested and seeded in a 24-well plate. The cell density for this experiment was 200.000 cells per well. They were incubated at 37°C over night. The next day
different concentrations of Puromycin were added to the wells. After incubating the 24
well plate over night the living cells were stained with a crystal violet assay kit.

Figure 11: The lethal Puromycin dose for N2a cells is 4.0-4.5 µg/ml

The best results were achieved by 4.0-4.5 µg/ml Puromycin. This concentration was
later used for the cell selection.

4.2

CRISPR/Cas9 to make mice deleting NPXY motifs

The idea behind this experiment is to delete both (NPSY and NPVY) endocytosis motifs
in the cytoplasmic tail. The best and quickest method to delete these to motifs is by
using CRISPR/Cas9. To test the whole system in vitro N2a cells were used and after
successful results the system will be microinjected into the mice.
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The gRNA, which is cloned into the PX459 vector, and the HDR to repair the double
stranded break are designed. Figure 12 shows a short theoretical overview about the
experiment.

Figure 12: The basic idea of the CRISPR/Cas9 experiment

4.2.1 Deleting the NPSY motif in LRP1b
To delete the NPSY motif on Exon 89 the website “benchling.com” helped to design the
gRNA. It is important that the gRNA guides the Cas9 protein next to the area of interest.
The score for on and off targets indicates the outcome of the result. The best results are
achieved via high on-target and high off-target scores. The best fitting gRNA is highlighted green in figure 13.
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Figure 13: Step by step analysis of deleting the NPSY motif

Figure 14: Schematic overview how the gRNA and the HDR is designed to delete the NPSY motif

4.2.2 Deleting the NPVY motif in LRP1b
As described before, the same step by step analysis was also performed on Exon 91 to
delete the NPVY motif.
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Figure 15: Step by step analysis of deleting the NPVY motif

Figure 16: Schematic overview how the gRNA and the HDR is designed to delete the NPVY motif

4.2.3 Cloning of gRNA and PX459 vector to test the gRNA and HDR-template
•

pSpCas9(BB)-2A-Puro (PX459) V2.0 backbone vector

•

gRna’s for the targets will be designed by Benchling, best 2 gRNAs for every target will be taken
•

Select Pam type (5’-NGG-3’) and target genome

•

gRNA should be 20nt long (without Pam sequence)
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Reverse complement oligos that contains 5’ and 3’ overhangs – for example:
•

20nt gRNA sequence: TGTTCTTCTTATCGTGCCAT

•

Forward oligo: CACCGTGTTCTTCTTATCGTGCCAT

•

Reverse oligo: AAACATGGCACGATAAGAAGAACAC

Colours red and blue mark the overhangs, which have to be added to the oligos.
The following protocol was the optimized one I used. It varies a little bit from the suggested one, but I needed to make some changes.
The designed oligos were annealed with
Table 19: List of components for oligo annealing

100 µM Forward oligo

15 µl

100 µM Reverse oligo

15 µl

**Annealing buffer

45 µl

Total Reaction Volume

75 µl

Mix the two oligos in a PCR tube and incubate it on a thermo-cycler
**Annealing buffer (10mM Tris-HCl pH8.0, 0.1mM EDTA, 100mM NaCl)
Load annealed oligos and single oligos on an agarose gel to confirm the annealing
Table 20: Temperature cycle of Oligo annealing

1)

92°C

2min

2)

72°C

2min

3)

55°C

2min

4)

37°C

2min

5)

10°C

∞
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Digest PX459 with BbsI at 37°C for 16 hours
Table 21: List of components for BbsI digest

Restriction Enzyme 1 µl
PX459 Vector 0.5 µg
10X Enzyme Buffer 5 µl
ddH2O x µl
Total volume 50 µl

Gel purification of BbsI-digested PX459 vector and purifying it via Phenol/Chloroform
extraction.
Ligation of PX459 and oligos
Table 22: Ligation of PX459 and oligos

Diluted (1:20) oligo duplex (step 1)

1 µl

Digested PX459 Vector

100 ng

10X T4 ligase buffer

2 µl

T4 ligase

1 µl

ddH2O

x µl

Total Reaction Volume

20 µl

Incubated at 16°C for 16 hours.
Digest of PX459 ligation and gRNA
Table 23: List of components for the digestation of PX459

Component

Volume (XX µl)

DNA

0.5 µg

10X CutSmart Buffer

5 µl

BbsI-HF

0.5 µl

AgeI-HF

0.5 µl
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Nuclease free water

to 50 µl

The digest was performed after Mediprep, because enough yield was needed. It was
incubated at 37°C for 1h and loaded on the 5% agarose gel. The gel run at 120V for 3h.
One band proof the successful ligation. The band was cut out and analysed by Sanger
Sequencing.
All ligated products were good and I could proceed with the next step.

4.2.4 Transfection of cells with ligated PX459 vector and HDR
The transfection was performed as described before in chapter 3.1.1. During the Puromycin selection the concentrations was raised constantly over days. First attempts
killed all the cells, because the concentration was raised too quickly. The process lasted
for 3.5 weeks until the cells could be analysed by the Surveyor Assay.
4.2.5 Surveyor Assay
The harvested cells were lysated with DirectPCR Lysis Reagent 20:1 2 mg/ml Proteinase K stock solution:
These steps were performed with both DNA templates (mutant and wild-type)
1. After trypsin treatment, the cells were washed with PBS and centrifuged at
max. speed for 1 min. The supernatant was discarded.
2. 300 µl of the lysis reagent and proteinase K mixture was added to the vials
3. The tubes were placed in the thermocycler 5h at 55°C and 45 minutes at 85°C
to inactivate the proteinase K.
4. After inactivation the tube was placed in a table centrifuge and spined to remove all remaining cell tissues.
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Table 24: List of components for Q5 PCR

Component

Volume (25 µl)

5X Q5 Reaction Buffer

5 µl

10 mM dNTPs

0.5 µl

Primer fwd.

1.25 µl

Primer rev.

1.25 µl

Template DNA

1 µl

Phire Hot Start II DNA Polymer-

0.25 µl

ase
Nuclease-free water

To 25 µl

Table 25: Temperature cycle of Q5 Polymerase

Step

Temperature

Time

Number of cycle

Initial Denaturation

98°C

30 s

1 cycle

Denaturation

98°C

10 s

Annealing*

58°C

30 s

Extension**

72°C

30 s/kb

Final Extension

72°C

2 min

1 cycle

Store

4°C

infinite

1 cycle

35 cycles

A 1.5% agarose gel was run for 1h at 120V. The bands were extracted with phenol/chloroform and then they are measured with the Nano-drop.
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Step 2 - Formation of DNA duplex
After extraction, equal amounts of mutant and wild type DNA were mixed in a 0.2ml
strip tube to a final volume of 10 µl. A final concentration of 50 ng/µl was reached.
Following program was chosen to run on a thermocycler.
Table 26: Formation of DNA duplex

Temperature

Time

95°C

10 min

95°C to 85°C
85°C

(-2.0°C/sec)
1 min

85°C to 75°C
75°C

(-0.3°C/sec)
1 min

75°C to 65°C
65°C

(-0.3°C/sec)
1 min

65°C to 55°C
55°C

(-0.3°C/sec)
1 min

55°C to 45°C
45°C

(-0.3°C/sec)
1 min

45°C to 35°C
35°C

Temperature ramp

(-0.3°C/sec)
1 min

35°C to 25°C

(-0.3°C/sec)

25°C

1 min

4°C

hold

The final concentration of hybridized DNA was in the range of 150-380 ng.
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Step 3 – Digestion with Surveyor Nuclease
The hybridized DNA from Step 2 was cleaved with Surveyor Nuclease. Therefore, following components were added into the 0.2 ml strip tube. A total volume of 15 µl was
reached.
Table 27: Final step of Surveyor Nuclease Assay

Component

Amount

Hybridized DNA

200-400 ng

0.15 M MgCl2 Solution

1/10 of volume

Surveyor Enhancer S

1 µl

Surveyor Nuclease S

1 µl

After adding all components, the tube was vortexed gently and incubate at 42°C for 60
min. The reaction was stop by adding 1/10 of volume of Stop Solution and then stored
at -20°C
Step 4 – Analysis of DNA fragments
The digestion of Surveyor Nuclease was loaded on a 1.5% agarose gel. Results are
shown in figure 19.

Figure 17: Final results of Surveyor Nuclease Assay
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Figure 19 clearly shows the successful CRISPR/Cas9 experiment in cells. This indicates
that the gRNA Sequence, which I used, worked and this system can now be brought into
mice. Therefore, I ordered the gRNA from IDT and the HDR template and brought the
chemicals to the “Transgenic Core” where they microinject the mice with the
CRISPR/Cas9 gRNA and the HDR. The mice will be bred in my absence and my lab will
ship them to Austria after sequencing all the pubs. The mice will be then used for further in vivo experiments in Innsbruck.
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