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1 Abstract

Recombinant adeno -associated viruses (rAAV) represent the basis of modern gene
therapy. They can be modified extensively at the genomic and capsid level enabling

personalized therapies . The high potential of this tec hnology and the great successes that

have been achieved in this field require methods that allow for the development of modified
rAAV variants, large  production scales of viral vectors and finally the generation of high
purity products for medical therapy. This thesis dealt with the expansion of a plasmid

system for recombinant adeno -associated virus  serotype 2 ( rAAV2) production, the
generation of rAAV produc  er cell lines and the development of a novel rAAV2 purification

method based on affinity chromatogr aphy.

For a deeper understanding of the existing plasmid -based expression system, a stability
assay was developed which aims at the biologically relevant release of rAAV DNA under
increasing temperature exposure. Using this technique, it was discovered tha t, the thermal
stability of capsid -modified rAAV2 particles bearing glycine -serine amino acid linker
insertions at position 587, decreases with increasing linker length. In addition, a rAAV2

variant was gener at ed whi ch pr e slatmase ebz§mea € dniitsvcapsid. This
variant had a similar thermal stability as the wild type variant and proved the enormous

modifiability of the rAAV2 capsid.

Within the scope of cell line generation experiments an attempt was made to insert
fluorescent reporter genes into suitable genomic target sites for the later insertion of the
adenoviral Ela/b genes into the CHO K1 (chinese hamster ovary K1 ) genome using a
CRISPR/Cas9 mediated rational approach. These experiments did not lead to the desired
success, but it could b e demonstrated that it is possible to produce rAAV2 particles using
CHO K1 cells and that the production can be improved by the addition of the Ela/b genes.
Later, monoclonal HEK293 cell lines could be generated, providing the helper genes

required for rAAV production through random genomic integration, thus reducing the cost

and effort of rAAV production.

In order to improve rAAV2 production, an attempt was made to generate a novel affinity
chromatography based on a single -chain Fv (scFv) antibody desig ned using the murine
A20 antibody structure . The construct was expressed in the periplasm of E. coli. Silica
material was used as base material for the chromatography and the protein was
immobilized via a fus ed silicatag. The principal functionality of th e construct was verified.
However, it turned out that silica is not suitable for rAAV purification due to its non - specific
binding properties. A second construct , in which the scFv was fused to a human IgG -Fc
part was produced in HEK293 suspension cells an d has since been used for AAV capsid
ELISAs. In the search for another suitable affinity ligand that can be expressed bacterially,

the natural AAV receptor (AAVR) came into focus. A fusion protein was  designed , which

1
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consists of the PKD2 domain (polycystic kidney disease 2 ) from the AAVR in combination
with a cellulose binding domain . The suitability of this construct in the context of rAAV2
affinity chromatography was proven and the production could be significantly improved by

the genetic fusion with a maltose binding protein. In further studies, a fast, cost - effective

and very efficient purification process for rAAV2 particles based on PKD2 was developed

Ultimately, thisthesisled to an improvement of rAAV production and modification, resulting

in a contribution to rAAV  -based gene therapy.
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2 Zusammenfassung

Rekombinante adeno -assoziierte Viren (rAAV) bilden die Grundlage der modernen
Gentherapie. Sie kénnen auf genomi scher und Kapsidebene umfassend modifiziert werden,

was personalisierte Therapien ermoglicht. Das hohe Potenzial dieser Technologie und die

groRen Erfolge, die auf diesem Gebiet erzielt wurden, verlangen nach Methoden, die die
Entwicklung modifizierter rAA V-Varianten, gro3e Produktionsmalstabe viraler Vektoren

und schlieBlich die Herstellung von hochreinen Produkten fur die medizinische Therapie
ermoglichen. Diese Arbeit beschéftigte sich mit der Erweiterung eines Plasmid - Systems flr
die rAAV2 -Produktion, d er Erzeugung von rAAV  -Produktionszelllinien und der Entwicklung

einer neuartigen Aufarbeitungsmethode fiir rAAV2 auf Affinitditschromatographie -basis.

Fur ein tieferes Verstandnis des bestehenden plasmidbasierten Expressions -systems wurde
ein Stabilitatsassa y entwickelt, der auf der biologisch relevanten Freisetzung von rAAV -
DNA unter zunehmender Temperaturexposition aufbaut. Mit dieser Technik wurde
herausgefunden, dass die thermische Stabilitat von kapsid -modifizierten rAAV2  -Partikeln,
die Glycin -Serin - Amin osaure -Linker -Insertionen an Position 587 tragen, mit zunehmender
Linkerlange abnimmt. Zusatzlich wurde eine rAAV2 -Variante generiert;
Lactamase Enzyme auf ihrem Kapsid prasentiert. Diese Variante wies eine vergleichbare
thermische Stabilit & auf wie die Wildtypvariante und bewies damit die enorme

Modifizierbarkeit des rAAV2  -Kapsids.

Im Rahmen der Experimente zur Zellliniengenerierung wurde versucht, Fluoresz enz-
Reportergene an geeigneten genomischen Sequenzen flr die spatere Insertion der
adenoviralen Ela/b -Gene im CHO K1 -Genom (Chinese hamster ovary K1) mit einem
CRISPR/Cas9 vermittelten rationalen Ansatz einzubringen. Diese Experimente fihrten

nicht zum gewiinschten Erfolg, aber es konnte gezeigt werden, dass es moglich ist, rAAV2 -
Partikel mit Hilfe von CHO K1 -Zellen zu produzieren und dass die Produktion durch den
Zusatz der Ela/b -Gene verbessert werden kann. Spater konnten monoklonale HEK293 -
Zelllinien durch genomische Zufallsintegration erzeugt werden, die Helferfunktionen aus

dem so gena nnten pHelper -Plasmid tragen, was die Kosten und den Aufwand der rAAV -

Produktion reduziert.

Um die rAAV2 -Produktion zu verbessern, wurde versucht, eine neuartige Affinitats -
Chromatographie basierend auf einem single -chain Fv (scFv) Antikdrper zu erzeugen, der

auf der murinen A20 Antikorperstruktur basiert. Das Konstrukt wurde im Periplasma von

E. coli exprimiert. Silica -Material wurde als Basismaterial fur die Chromatographie
verwendet und das Protein konnte Uber einen fusionierten Silica Tag immobilisiert werden.

Die prinzipielle Funktionalitdt des Konstrukts konnte bestatigt werden. Es stellte s ich
jedoch heraus, dass Silica aufgrund seiner unspezifischen Bindungseigenschaften nicht fur

die rAAV -Reinigung geeignet ist. Ein zweites Konstrukt, bei dem der scFv mit einem
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menschlichen IgG - Fc- Teil fusioniert wurde, wurde in HEK293 - Suspensionszellen ex primiert
und wird seitdem fur AAV  -Kapsid -ELISAs verwendet.  Auf der Suche nach einem weiteren
geeigneten Affinitatsliganden, der sich bakteriell exprimieren lasst, riickte der natirliche

AAV Rezeptor (AAVR) in den Fokus. Ein weiteres Fusionsprotein wurde entwickelt, das aus
der PKD2 -Doméne (polycystic kidney disease 2) des AAVR in Kombination mit einer
Cellulosebind edoméne besteht. Die Eignung dieses Konstrukts im Rahmen der rAAV2 -
Affinitdtschromatographie wurde nachgewiesen und die Produktion konnte durch di e
genetische Fusion mit einem Maltosebindeprotein signifikant verbessert werden. In
weiteren Studien wurde ein schneller, kostengunstiger und sehr effizienter

Reinigungsprozess fir rAAV2  -Partikel auf Basis von PKD2 entwickelt.

Letztendlich fuhrte diese Arb eit zu einer Verbesserung der rAAV - Produktion und

Modifikation, was einen Beitrag zur rAAV -basierten Gentherapie lieferte.
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3 Introduction

3.1 The biology of AAV

The adeno -associated virus  (AAV) , was first discovered in 1965 as contamination of simian
adenovirus preparations [1] . Itis a non -enveloped vir us, which belongs to the genus of
Dependoparvovirus , which in turn belongs to the family of Parvoviridae (see Figure 1A). It
has a single -stranded DNA genome with a size of about 4.7 kb . The genome is mainly
composed of two open reading frames (ORF) for the rep and cap genes , which are flanked
by inverted term inal repeats (ITRs) [2] . The rep gene s encodes for four non -structural
proteins (Rep78, Rep68, Rep52 and Rep40 ) that have been reported tobe involved in viral
replication, packaging,a  nd genomic integration [2,3] . Their expressionis driven, in mutual
regulatory interdependence, by the two viral promoters p5 and p19 [4, 5] . The cap gene
codes for the three structural proteins (VP1, VP2 and VP3), which assemble to the viral

capsid. The capsid consists of 60 proteins, whereby t he VP1, VP2 and VP3 proteins occur

inal:1:10ratio.  The capsid proteins have the identical C -terminus but differentN  -termini,
which is caused by alternative splicing and leaky scanning [6] . The expression of the VP
protein is driven by the p40 promoter [2] . The structure of  the AAV serotype 2 capsid has

been determined to  a 3 A resolution [7] . The assembled capsid  with its 20 nm diameter,
serves as the delive ry vehicle, harboring the viral DNA. In addition, an alternative ORF
encoding the assembly activating protein (AAP) is located within the ORF of the cap genes.

As its name suggests, this protein is involved in the assembly of capsid proteins [8,9] . In
2018 the dependence of some AAV serotypes on AAP was demonstrated and by this led to
a better understanding of viral evolution [10] . In addition, the same ORF contains the
sequence of the so -called x gene, which probably plays a role in viral DNA replication [11] .
Further protein coding sequences have been found whose functions are currently unknown

(see Figure 1B) [12] .

Recently Gao et al. obtained more than 120 novel primate AAVs [13] . However, AAV
serotype 2 is the currently best characterized and studied serotype and therefore all
investigations of this thesis are based on it. It shows a natural tropism towards skeletal
muscles, neurons, vascular smooth muscle cells and hepatocytes [14 317] . Although
serotype 2 is able to transduce n euronal cells efficiently, in vivo experiments showed that

it is unable to cross the blood -brain barrier [18] . Numerous studies have discovered the
heparan sulfate proteoglycane (HSPG) receptor as the primary receptor for the interaction

of virus and target cell. The interaction can be applied to the residues R484, R487, K532,

R585 and R588, whereby already two mutations (R585A and R588A) in cell culture
experiments led to a significant reduction of infection ability [19 322] . Other coreceptors
include the fibroblast growth factor 1, the hepatocy

andV!# and the 37/ 67 kDal[2332%. Rillayn et al e dentffiedo another
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receptor by the generation of a library of mutagenized haploid HAP1 cells using retroviral

gene -trap vectors. This library consisted of almost all hon -essential genes of the human
genome. Through the infection of this library with rAAV2, the subsequent selection of all

uninfected cells and their genomic characterization, 46 essential genes for rAAV2 infection

were identified. A very prominent hit was the gene KIAA0319L, which codes for a type |
transmembrane protein [28] . At this time, this gene was only known to be linked to
dyslexia and that it is involved in neural migration and axon guidance [29, 30] . Sincethen,
this receptor is known under the name AAV receptor. In the context of this work, the
binding of rAAV2 to the AAVR could be narrowed down to the second polycystic kidney

disease domain (PKD2) of this receptor and it was discovered that it is involved in the

binding of many other serotypes [28] .

Once the AAV has bound to the target cell, the viral vector is transported into the cell via

receptor - mediated endocytosis, which ranges from the formation of clathrin -coated pits to
vesicles [31] . Following internalization and trafficking to the nucleus , the virus triggers a
slightly acidic environment which is sufficient to allow penetration into the cytosol. After

this so -called endosomal escape, the AAVs accumul ate perinuclearly and slowly pass
through the nuclear pore complex  into the nucleus.  After uncoating and thus the release

of the genomic ssDNA of the AAV particles, the synthesis of the second DNA strand takes

place. The virus can then enter its replicatio n cycle, also known as the lytic cycle, in the

presence of an helper virus [15] .

Suitable helper virus  are the Adenovirus, Herpes si  mplex virus , Vaccinia virus or human
papillomaviruses [1,32 336] . In case of coinfection with the adenovirus, the following gene
information supports the formation of AAV2 particles: The adenoviral E1A and E2A gene

products are involved in transcriptional activation [37 343] . The gene products of the genes
E2A as well as the product of the sixth ORF of E4 (E4(orf6 )), the 55 kDa product of the
E1B gene and the VAI RNA are related to the AAV2 RNA transport, viral stability and
translation [43 349] . In addition, E2A and E4(orf6) are involved in DNA replication [44,50 3
54] . At this time, the exact mechanisms involved in nuclear translocation and RNA splicing

are not fully understood and cannot be assigned to any helper gene [55, 56]

If the host cell is not infected with a helper virus , the AAV genomes can persist as episomes
or integrate into host cell chromosomal DNA |, this process is also called the lysogenic cycle
[57, 58] . The genomic integration takes place at a defined position in the so -called AAV
safe-harbor lo cus (AAVS1)in human chromosome 19 [57,59 361].
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Figure 1: Surface and genomic structure of AAV2. A: Surface structure of AAV2 based on

PDB ID: 1LP3. B: Genomic structure of AAV2. Genes of the rep ORF are indicated in blue

and genes of the cap OFR are indicated in pink. Further gens like the AAP and X genes are
shown in yellow. Promoters and poly -adenylation site are marked by green arrows o ra
gray box. ITR regions are indicated by green boxes.

3.2 rAAV in context of gene therapy

According to the  eBundesministerium fir Gesundheit a, cancer is the second most frequent
cause of death in Germany after cardiovascular diseases. The most current data from the
year 2013 for all types of cancer except non -melanotic skin cancer show that a total of

482 470 people (229 920 women and 252 ¢550 men) were newly diagnosed with cancer

that year. The total number of cancer -related deaths in th e same year was 223 093
(101 ¥779womenand 121 ¥314men) [62] . Existing therapeutic approaches such as surgery,
thermotherapy, chemotherapy and radiotherapy often lead to serious side effects such as

cytotoxicity to normal cells and strong immune responses. However, some types of can cer
hardly respond to these therapies [63] . In addition to the frequent cancer types, there is

also a long list of hereditary diseases, for which no meaningful therapeutic options exist

due to their rare occurrence and genetic causes. Gene therapy might be a novel approach

to cure all these diseases. Genetherapy means the therapeutic delivery of nu cleic acid into

a patient s cells as a drug to treat disease [64] .
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Essentially, gen e therapy can be divided into three steps. The first is the construction of a

suitable gene carrying vector. The second step describes the transfer of the gene into the

target c ells using this vector. And under the last step the expression of the corresponding

gene product with the aim to cure the disease is meant. The first step is therefore of central
importance. The gene carrying vectors can generally be divided into two categ ories: the

non -viral and the viral vectors.

Non -viral vectors are naked plasmids, microbubbles, nanoparticles, liposomes, and various
polymers. They are often introduced into the target cells by chemical or biophysical
methods [65 371] . The advantages of high safety, low costs with low immunogenicity and
the possibility of enabl  ing large gene insertions have some disadvantages. These include
the undirected and usually inefficient transfection and the resulting low expression of the

target genes [72] .

The most fre quently used viral vectors include adenoviruses, adeno -associated viruses,
retroviruses and lentiviruses. They enable a very effective and, in many cases, highly
specific transduction as well as a strong , long -term expression of the target genes [73] .

These advantages come from the fact that in the course of their evolution, viruses have

been geared towards efficiently introducing their gen etic material into certain target cells
and proliferating it there. Viruses are therefore ideally suited as gene therapy vectors.

However, they do have some disadvantages as well including high immune rejection,
possible tumorigenicity, uncertain insertion al mutagenesis, and limited sizes for gene

insertion s [74] .

In addition to the type of vectors, gene th erapy also distinguishes between two general

forms of application: ex vivo gene therapy and invivo genetherapy (seealso Figure 2).

In ex vivo gene therapy, donor cells are first taken (usually from the patient himself) and
then treated outside the body in cell culture using gene therapeutic methods. Following
cell proliferation, these modified cells are reintroduced to the patient. This form of

application is particularly suitable for the treatment of local diseases [64] .

In in vivo gene therapy, the required gene vectors are usually injected directly to the
patient fs vascular system or, in the case of local tumors, the vector can also be injected
directly into the tumor. This form of application offers not only the advantage of less effort

but also that in case of a viral cancer therapy also metastasizing tumors can be cured

simultaneously [64] .
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Figure 2:In vivo and ex vivo gene therapy approaches (from [64] ).

The undesirable properties of some viral vectors, e.g. leading to immune reactions or
cancer, have made clinical use much more difficult and led to a limitation to certain
applications, such as vaccines and oncolytic strat egies [75] . AAV based gene delivery

systems have significant advantages due to their high safety profile . They are safer due to

their lack of pathogenic ity, the variety of different serotypes allows a wide range of target
cells, genomic integration can lead to long -term expression of the introduced genes and
they are able to transduce both dividing and non -dividing cells [15] . In addition, several
studies have been published in recent years that deal with the modification of the capsid

shell. This indicates the strong modifiability of the AAV and will open up new target

possibilities and new applications in the future [76 381] .

Nevertheless, an  important point in the design of rAAV vectors for gene therapy is the

which is very restricted . In general, the size of

5 kb [82] .

packaging size of the expression cassette
this construct, including the viral ITR sequences, should not exceed approx.
Attempts have already been made to package larger expression cassettes in rA AV,
resulting in a significant reduction of particle yield or truncation of the expression cassette

g. exceeds this size, in this context

[83] . The coding sequence of a full -length dystrophin e.

strategies are meaningful in which overlapping sequences are tra nsduced with the help of
two vectors [84] . Another important point in this context is that the DNA transduced by
the rAAV particles is initially single -stranded and must first be converted into its double -
stranded form in the nucleus, which is a limiting step in the process of tra nsgene
-complementary DNA strands can also be packaged in rAAV,

[85, 86]

expression. To avoid this, self

which however reduces the packaging capacity to about 3.3 kb
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In addition to the gene to be expressed itself, regulatory sequences could also be
introduced. The choice of a suitable promoter can, for example, influence the tissue/cell
specificity as well as the choice of AAV serotype. Thus, the expression in certain tis sues

can be upregulated, or the expression in unwanted locations can be suppressed, e.g. by

choosing the creatin kinas e promoter high expression levels in skeletal muscle cells was
reached, whereas the  #-myosin heavy chain promoter is strongly suppressed i n cardiac
muscle cells [87, 88] . In addition, other promoters such as the survivin, the

cycloox ygenase 2 and also the CXCR4 promoter, are known to have a high expression level

in many tumor ¢ ells, which makes them interesting for possible tumor therapies [89 393] .

Next to promoter -regulated expression, the selection of a suitable terminator sequence,

the inclusion of post  -transcriptional regulatory elements as well as messenger RNA (mRNA)

stability elements and the additional use of microRNA (miRNA) target sequences can
increase the specific ity of gene expression [94] . The introduction of miRNA target
sequences into the three prime unt ranslated region (3fUTR) of an AAV-delivered gene,
made it available for miRNA -122 -driven suppression in the liver [95] . The use of a let -7
mMiRNA target sequence could also generate tumor specificity, as reports have shown that

this miRNA is dow nregulated in certain tumor cells while it is more present in healthy cells

[96] .

The tissue/cell specificity can be further increased by the selection of suitable serotypes.

Recently, many new serotypes from human and primate tissue have been identified, that

will be used for cloning to generate novel seroty pes [97] . These recombinant techniques
include capsid shuffling , directed evolution, and random peptide library insertions, which

are used to generate AAVs with new properties from existing variants [77,78,98] . This

way, it was already possible to generate novel AAVs that are able to transduce specific

retinal cells or cells of the central nervous system [79, 98, 99] . Not only the specificity of
transduction can thus be increased, mutations have also been discovered resulting in rAAVs
which were less sensitive to neutralizing antibodies, and protect ed against proteolytic

degradation and by this increase d their transduction efficiency [100 3106] .

The mentioned methods pursue modification variants, which are mostly based on random
events, but other approaches exist, where ratio nal designs led to a change of the target

cell by the insertion of larger binding molecules into the capsid. For example, DARPins

(designed ankyrin repeat proteins) or fragment of protein A were presented on the capsid
surface through N -terminal addition o r intramolecular loop integration [76, 80, 81, 107]
Due to these excellent properties, rAAV plays an important role in gene therapy cli nical

studies worldwide. From currently 2930  studies , a total of 238 (8.1 % ) relate exclusively
to adeno -associated viruses (update December 2018) [108] . In 1984, the first AAV  -based

vector foran invivo gene therapy for the treatment of cystric fibrosis was developed [109] .

10
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In 2012, the world s first gene therapy was ap proved by the eEuropéische

Arzneimittelagentur a (EMA). The drug named Glybera, which is based on AAV serotype 1,

is used for the treatment of lipoprotein lipase deficiency. Between 27 and 60 injections ,
depending on patients ¥ weight, with 1.5 A0?'? vg each (in 500 pl) are injected in thigh

muscle . Glybera was removed from the market again in October 2017 due to its high costs

[110] . Luxturna is an AAV2 vector -based gene therapy indicated for the treatment of

patients with confirmed biallelic RPE65 mutation -associated r etinal dystrophy. The
treatment is performed by a single subretinal injection of a total of 1.5 A0 vgin 300 pl
suspension [111] . In 2019, the drug Zolgensma was approved by the FDA ((U.S.) Food
and Drug Administration ) for the treatment of pediatric patients (less than 2 years ) with
spinal muscular atrophy with bi -allelic mutat ions in the survival motor neuron 1 (SMN1)
gene. The drug is based on AAV serotype 9, which contains a double -stranded expression

cassette for the SMN1 gene [112] . Zolgensma is currently the most expensive drug of all

time, with costs of  over 2 million dollars per single dose.

3.3 Production of rAAV

All currently available production methods for rAAVs are still expensive and often complex.

The most widely used method for rAAV production is based on the simultaneous
transfection of HEK293  cells with two to four (usually three) plasmids (see Figure 3) [76,
113, 114] . The necessary genes are divided on the plasmids as follows. On the so -called
GOI-ITR plasmid the information for the expression of the gene of interest (GOI) is coded.

This sequence is flanked by the ITR sequences so that it can later be packaged in the viral
capsid. The Rep and Cap genes are located on a second plasmid, which later define the

serotype or codes for a modified capsid variant. The Rep and Cap genes does not
necessarily originate from the same serotype, it is common to combine the Re p genes of
serotype 2 with the Cap genes of other serotypes [113] . The separation of the Rep/Cap
gene from the DNA to be packed in the capsid on two plasmids, in this type of production,

is intended to prevent the production of ewild type a AAV variants [115] . A third plasmid
contains the adenoviral helper sequences, which are not already integrated in the genome

of the HEK293 cells (Ela and E1b). Also, helper sequences of the herpes simplex virus
could be used for production [116] . In some dual plasmid systems, the helper functions

are located on one of the other two plasmids [113] . A system based on four plasmids is
used for the production of mosaic rAAV variants, in which the capsids of the pr oduced

rAAVs are composed of differently modified VP proteins. In this case, the additional capsid

gene variant is coded on the fourth plasmid [76, 114] . In the following some of the most
common rAAV production platforms are outlined, an overview can be found in Table 1.
In many laboratories, HEK293 cells are transfected with these plasmids in adherent

growing cultures. Due to the high space requirements of this form of cultivation,

11
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applications have been developed based on HEK293 cells adapted to suspension culture.

This allows a higher cell density to be achieved, which ultimately leads to a higher yield
However, transient transfection of suspension cells is somewhat more difficult due to the

media composition. In suspension culture, an average of 10 5 gc/cell can be achieved,
resulting in a final titer of 10 14 gc/l [117] . These production quantities are usually sufficient

to guarantee early  clinical test phases, but the scalability of this method is not given due

to the high demand for plasmid DNA and the related high costs [118 3122] . More recent
approaches include the integration of some required sequences into the genome of the
production cell line to save costs, e.g. the helper functions were genomically integr ated
into HEK293 cells, reducing the cost of providing plasmid DNA by approximately 50% by

using the resulting HEK293 KARE cell line [123] . A disadvantage of the transient delivery

of the Rep/Cap gene is the heterogeneity of the resulting particles, of which a considerable

percentage does not carry the transgene [118, 119]

Purification
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HEK293 cells

Figure 3: Triple Transfection of HEK293 cells for rAAV production.

The cost reduction through the genomic integration of the genes required for production

was also considered in the following approach. The genes Rep and Cap as well as the
transgene sequences flanked by the ITRs were genomically integrated into HeLa S3 cells,

which offer the possibility to be cultivated in suspension. Since Hela cells do not carry an y
viral helper functions, the Rep proteins, which are toxic for mammalian and insect cells,

cannot be expressed [124, 125] . The rAAV production is induced by the infection of the

cells with wild type adenov iruses. This production platform offers the possibility to produce

rAAVs in large batches, even though the yield per cell is comparatively low. However, the
stable integration of all rAAV - specific sequences means that a new production cell line must

be gen erated for each new project. In addition, the helper viruses must be removed as

part of the downstream process [118, 119, 126]

The system that currently offers the highest rAAV vyields (upto5 A0S gc/cell) is based on
the insect cell line Sf9. This cell line can be cultivated in large -scale and high -density
suspension culture. The required sequences for rAAV production are introduced by

infection s of the cells with baculovirus expression vectors (BEV). The rAAV production

system exists in different variants. The oldest variant contains the Rep and Cap gene as

well as the ITR -flanked GOI on three different BEVs. In another variant, the ITR -flanked
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gene of interest sequence is integrated into the Sf9 genome an

the infection with only two BEVs

the Rep and Cap genes are genomically integrated and controlled by a promoter whic

[117, 118]

d production is induced by

. In the latest version of this production system,

his

induced by the s ubsequent baculovirus infection with only one BEV containing the ITR -

flanked GOI

[127, 128]

. In addition to the excellent scalability, this produc

tion platform

offers a high degree of biological safety, since neither the insect cells nor the baculoviruses
[117 3119, 127, 128]

show human pathogenic potential

Another system

hamster cell line BHK (baby hamster

suspension and is infected with two replication

, that operates without the generation of a stable cell line

-defective rHSVs (recombina

simplex viruses), which carry separately the rep and cap genes as well as the ITR

, is based on the

kidney ). This cell line can also be cultivated in

nt herpes
-flanked

GOl sequence, to induce rAAV production. The helper functions are provided by the HSV

(herpes simplex virus

HSV contaminations have to be removed in the downstr

Table 1: Different rAAV production platforms (from

). This system also has good scalability and high

[131] )

eam process

production yields.
[129, 130]

Triple Triple Bacul ov-i|Herpes v|Adenovi-r

transfec|{transfec|infected|{coinfect|infected

(ag (sus)p producer producer

cel |l I in cel |l I i n

Cell 1ijJHEK293 HEK?293 Sf9 B HK HelLa S3

(adheren|{(suspens|(suspens|{(suspens|{(suspens

Rep/ Cap |Pl asmid Pl asmid Genomical(first) Genomi ca

integrat i ntegr at

I TR Pl asmid Pl asmid BEV (second)|Genomi ca

transage:t rHSV i ntegr at

Hel per Pl asmid Pl asmid BEV (samrHSVbot h|Wild typ

genes above) adenovir

ProductiCell fac|Wave real200 | st|10 | wav[(250 | st

system Roll er b t anrkeact ¢reactor t anrkeact ¢

Ef ficieljgood not so g|very goo|lvery goolvery goo
of DNA
del i ver

Scal abilpoor good very goo|lvery goo|lvery goo

Yield up toAG.|up toA@&.|up tAMG5 |up tAG1L |up tAAGS
(vgl/ cell

Sadt y None None None HSV Adenovir

concer ng contaminfcontamin

Advant a(Qui ck Qui ck Ef ficien|EfficienEfficien

producti|producti|l ar-geal e|l ar-geal e|l ar-geal e

sma-kkcal ef]sma-kskcal efproducti|producti|product:i

Hel p viHel er v|(Safety f|[No stabl|Samdéel pe

free free insect c|line req|virus fo

and viru producti
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i pl e Triple Bacul ov-i|Herpes v|Adenovi-r
transfec|{transfec|infected|{coinfect|infected
ag (sus)p producer producer
cel |l I in cel |l I in

Challen{(Low scal|lLow scal|lLow BEV Two HSV Stabl e
stabilit|lhel per n|lproducer
HSV Sens'ine for

to produlbProject

conditio
Referend[ 120, 12120, 12|[127, 12|[129, 13|[126]

ad.: adherent, susp.: suspension

3.4 Purification of rAAV

Following the rAAV production the purification takes place, which is necessary to generate
a clean product of the produced rAAV particles for the intended application. The purpose
of purification is not only to remove contaminating cel | components from the rAAVs, such
as proteins, lipids or nucleic acids, but also to separate two different rAAV variants from
each other. The functional rAAVs and the rAAVs, which consist only of the capsid shell and
do not contain any packaged transgene h

ave to be separated from each other. Although

the influence of these  eempty a capsids on the effect of a potential therapy has not yet been

clarified, their proportion should at least be kept very low or be accurately controlled  [119] .
The first step  of purification consists of the separation of the cells carrying the largest
proportion of rAAV from the remaining culture medium. Usually centrifugation or filtration

processes are used. Tangential flow filtration could also be used to clarify the whole ¢ ell

lysate and to reduce the working volume [132] . Depending on the production system, the
proportion of rAAV released into the culture medium varies greatly. In case of a high
proportion of rAAV in the medium, usually precipitations are carried ou t using e.g. PEG or
ammonium sulphate with the aim of volume reduction for the subsequent processing steps.

The following step is cell disruption, whereby processes based on the physical disruption

of the cells, such as cell disruption by microfluidization or by several freezing and thawing

cycles, are generally used. M icrofluidization is an efficient process that involves passage of

the cells throughasmall -diameter fluid path under high pressure , leading to cell disruption

Contrary to what is often assu med, cell disruption by microfluidization does not lead to an
increased loss of rAAV particles compared to the apparently gentler freezing and thawing
process [133] . During the following step, DNase or benzonase is added to digest the DNA

and finally generate acl  ear lysate .

Thereafter , the main part of the purification takes place. Chromatography and
ultracentrifugation methods dominate this process. The number of processing steps and

their sequence is strongly dependent on the intended application of the final p roduct [134] .

Ultracentrifugation is one of th e most commonly used purification processes, especially on

a laboratory scale. Due to the usually very small sample quantities and relatively long
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processing times, this method is not well applicable for larger commercial scales. However,

it is still a goo d and comparatively inexpensive way to separate rAAV particles with and
without packaged DNA due to their difference in density. Here discontinuous step gradients

are used, which are composed of iodixanol or cesium chloride solutions with different
concent rations [135] . Ultracentrifugation is used as the first step in purification during

processing or as a subsequent step after affinity chromatography [119, 136] .

Many other rAAV puri fication methods are based on different chromatography methods.

Affinity chromatography methods are widely used, which utilize the fact that many AAV

serotypes have a high affinity for different carbohydrates, which serve as re ceptors for
their transduction. Thus, heparin columns are often used for the purification of AAV [134,
137] . Since these columns do no t have a high specificity, increasing numbers of affinity
chromatography columns based on AAV - specific binding proteins were marketed in recent
years . In 1998 Grimm etal . were the first who coupled the AAV2 specific antibody A20 to

a sepharose column mate rial and thus developed the first AAV2 specific affinity
chromatography  [138] . In recent years, the AAV chromatography market has been
dominated by materials based on specially selected nanobody constructs of cameloid

origins. Examples are the ©AVB Sepharose a from GE Healthcare and the ePOROS
CaptureSelect AAV Resins a from ThermoScientific. These materials are capable of binding

up to 10 * rAAVs per milliliter of resin and are also stable over a wide pH, ionic strength

and pressure range [139, 140] . Depending on the serotype, further affinity partners

suitable for purification were identified [141] .

Within product polishing , various ion exchange materials are often used. These materials
separate charged molecules based on their electrostatic interaction between the AAV

capsids and the ionized groups incorporated into the column matrix. The rAAVs are eluted

by increasing the ionic strength through an increase of the salt concentration [142 3145] .
According to some reports it is possible that rAAVs can be purified by only using ion

exchange chromatography. For example sulfopropyl resin could be usedint hiscase [146] .
lon exchange chromatography can also be used to separate rAAV particles that contain a

transgene from particles that do not carry a transgene [147] .

The last step of the actual purification is to buffer the samples in a suitable storage buffer

and sterile filtering of the rAAV containing suspension.

Especially for use in clinical trials or therapies, particular qua lity controls at the end of
purification are necessary in order to guarantee a clean, safe , stable and high -quality
product [119] .
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4 Aims

Recombinant variants of adeno associated viruses play an increasingly important role in
medicine in the context of gene therapy. The main challenges in the widespread use of
AAVs are the large quantities of vectors required for therapy and the time -consuming and
expensive product ion and purification. The long -term goal of this thesis is to improve the
production of rAAV2. This is going to be achieved by simplifying the production methods

and reducing the purification effort by more efficient methods. In order to achieve this,

seve ral projects were started within the scope of this thesis.

As the topic of rAAV was completely new at the University of Bielefeld at the beginning of

this work, the establishment of an rAAV production process was the priority . My PhD
supervisor Prof. Dr. K ristian M. Mller was involved in the realization of a modular plasmid

system for rAAV2 production at his previous research institutions at the Universities of

Freiburg and Potsdam. This system was developed within the IGEM project at the University

of Fre iburg in 2010 and later extended at the University of Potsdam and served as a starting
point . At a later stage,  attempts on expansion of this plasmid system were conducted, as

well as investigat ions on the limits of the modifiability of the rAAV capsid

In order to optimize the rAAV production, which relies on standard triple transfection of

adherent growing HEK293 cells, production in the most frequently used hamster cell line

CHO K1 was attempted as extensive knowledge was available at the University of B ielefeld .
For enabl ing the process, an attempt was made to genomically integrate the adenoviral
helper functions already integrated in HEK293 into CHO K1 cells . Another approach aimed

at simplification of the standard manufacturing process by integrating t he helper gene

sequences of the pHelper plasmid in HEK293 cells.

For the purification of rAAV, combinations of many, usually poorly scalable and expensive,

methods such as ultracentrifugation and various chromatography methods are generally

used. In additi on, the development of a novel downstream process based on affinity
chromatography with two different approaches was aimed . The rAAV2 affinity ligands
selected were a single -chain variant of the known AAV2 -binding antibody A20 and PKD 2
domain of the natur al AAV receptor. The main focus here was on the simple and
inexpensive provision of the affinity ligand, as well as the use of a cheap carrier material

together with a straightforward rAAV2 purification protocol
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5 Material

In the following subchapters all m aterial used in this thesis are listed with their respective
specifications and the corresponding manufacturers. This should enable the best
reproducibility of all experiments presented. If required by the experimental procedure,
sterile materials andreag  ents were always used. The degree of purity of the chemicals can
be found in the respective designations or information provided by the manufacturers

under the corresponding catalogue numbers.

5.1 Laboratory equipment

Table 2: Laboratory equipment

Devi ce DeV|cg Qe5|gnat|on Manufactur e
(Specification)
PerfectBlue Gel syst
Agarose el ectrd .
(di fferent combs wi|Peql ab
chamber
thickness)
PerfectBlue Gel syst
Agarose el ectr( :
(di fferent combs wi|Peql ab
chamber
thickness)
PerfectBlue Gel syst
Agarose el ectr( .
(di fferent combs wi|Peql ab
chamber
thickness)
Anal ytical camgFusi on Fx7 Vil ber
Atomic force miMultimodewstThapM 0-GAl, o,
cantilevers
Autocl ave GE6612 Getinge
Aut ocl ave FVS 2 Il ntegra Bio
Aut omated cell |[LUNA Logos Biosy
Serva
Bl ue |ight tablServa blue | ight taElectrophor
Gmb H
Camer a EOS 600D (-EFSmmB Canon
. Megafuge 1.0 (swing Heraeus
Centrifuge 2704) I nstrument s
Centrifuge Picol7 (rotor: 7500 Ther mo Sci e
Chromatography C 10/10 series (2 rrGE.HeaIthca
col umns Science
Cl ean bench LaminAir Model 1.2 |Hol ten
Cledrench Lami nAir HB 2448 Heraeus
I nstrument s
CQlncubator CB EG6 Binder GmbH
Col umn chromatcc_’kta start (with frGE.HeaIthca
system Science
Cultivation tukt(glass, 15 ml, withf-
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Devi ce (Dg\é'eg?f?§21ig2ﬁ;'0n Manufactur e
FIl ow cytometer |[BDFACSCal i bur Becton Dick

DMI 6000 SD

Objectives:

HC FL PLAN 100/0.25

HC PL FLUOTAR 200/ 0

HC PL FLUOTAR 400/ 0

HC PL APO 400/0.85
Fluorescence miHCX APO 630/ 1.40 Oi Leica Micro

Filters:

405: EX43%5%5 DC 455,

495;

YFP: @&&5 M40, DC 5154

550;

TX2: EX5&%@0 DC 595,

683
Freez-ab0( ®C) MDF2156 VAN Panasonic
Freez2gb @®C) (NoFrost) Liebherrtr
Freez-80 @®C) KMDU 73Y1 Panasonic
French press SLM AMI NCO SLM I nstrum
FrenRthessur e Ce:;'goxs)z (mako@OoPSI, 3 Ther Bci ent i
Fridge (4 ®C) - Bosch
Gl ass pipettes|(2 m, 5 ml, 10 ml, Brand
Glass shake t1ay2¢7 0 ang aluming’
Heating bl ock TBITher mobl ock Bi ometr a
Heating block QAL;LPEgBIf-ISQr:]ZSt(i'WEInt)h Bl OER
Il ce machine UBE -86 Z@egra .

Ei smaschi en

I ncubator B 6120 Her aeus
Light microscopgAxiovert 25 ZEI SS
Magnetic stirrgRCT Il kamag
g;;;?fg;;gtometPowerWave HT Bi oTek
Mi cr owave HF 22043 Si emens
Mi 1Q iwater syst|MiiQ iwWater PurificatMillipore
Orbital shaker |ESX K+hner
PCR WorkstationUltraviolet Sterililpeqgl ab
pH el ectrode I nLab Expert Pt1000 MettTeaelredo
pH meter Seven compact S220 |[Mettler Tol
Pipette (automgMultipette stream Eppendor f
Pipette (variafResearch pl2uss @.l1 Eppendor f
Pipette (variallResearch plliOds 0. 5 Eppendor f
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Device d

esignation

Devi ce (Specification) Manufactur e
Pipette (vari alfResearch pLOS6 1D Eppendor f
Pipette (varialResearch pJduG0Qa 010! Eppendor f
Pipette (varialfResear ch pJdauG0 ® 00| Eppendor f
Pipetting devidqPipetboy Comfort I ntegra
Power supply EV231 Consort
Precision scalgCP 224 S Sartorius
Precision scal §XA205 Dual Range Mettler Tol
Pump WP6122050 Mer ck Mil |
Quartz cuvette |BlacKed NanoDrop Hel Il ma Anal
Real time PCR gLightcycler 480 11 Roche
Mul ti fuge X1R :
Refrigerated cg(fixed gnglesrso‘oy;LZf;renﬁssc'e
swing out #4®0oK:04DX

Refrigerated ce?ﬁ?to:')fuge a624R1(FEppendorf
Refrigerated cgRC5C {381S and3 GrSotor sfSorvall Il ns
Rocking shaker [Duo Max 1030 Hei dol ph
Rol |l er trmuimbelrer [ Tube Rol |l eTONR2400 Star Lab
Scal e BP 2100 S Sartorius
SDS PAGE el ectrSmall For mat .VertiCHoefer
chamber Electrophoresis Sys
SDS PAGE gel ceMultiple Gel Caster|lHoefer
ig?g:gtSLOtt'ngSemDr—)BIotter (20 x |VWR
Shaking incubatSI600 R (deflection|Lab. Compan
Shaking platfonSky Line EL MI
Spectrophot omettNanoDrop 2000c UV/V|Ther mo Sci e
Thermocycl er Peqstar 96x Univers|/Peqgl ab
Ul t-cantri fuge Ultra Pr-88@0r ¢fTor ) Sorvall
Vacuum Mani fol dQl Avac 24 Pl us Qi agen
Vort ex Vortex Genie 2 Isﬁ!ste?tjlmfalnfs
Wat er bath - GFL

Uni ver sal
White Iight talQLED, -4Q0®N) El ectronics

I ndustries
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5.2 Consumable material

Table 3: Consumable materials

Na me Specification Manufacturer

Adhesive fidtmmeo® 4 ¢lear (AZGeneon

Pl at es

Ami con U4 taentrifud4 ml with 10 k[Merck

filters k Da NMWL

Bijou saomptl @i ner s roml, wi th SCrESci Labware
J L steril e, PS

Canul a needl e 21G, 0.6x80 mm|B. Br aun

Cell scraper 25 c¢cm Sarstedt

Cryogenic plastic |2.0 ml Star Lab

Cryogenic pl a(sadlcl|1.8 mMmhternal, tkStar Lab

cul ture) silicone seal i
Lightcycler Plate|96well, white Sarstedt
LUNA Cel | CountingTwo chamber slilLogos Bi osyst
Maxi Sorp pl ate 96we|fll-@abtt om p|Nunc
Mi ca for AFM (50x76 mm, 0.2 |PLANO
Mul t i pCeotntbe t i ps 5 ml Eppendor f
6-, 1,2 9meeldt,anda
Mul-wel | pl ates TC for adhefémtf Sar stedt
base, sterile
Ni trocellulose menO. 45 micron Thermo Sci ent
Petri di shes SEzgiﬁl.;namI{]$\évlth Sarstedt
Petri qicehés cultu|Di ameter 100 mnSarstedt
pH test strips R/I(C):f)loorpHast.} IC)l-Merk
Pipette tips égoél;lloo S Star Lab
Ti pOne Filter T
Pipettécel pscultuijtl, 200 1, 10(Star Lab
graduated
Reaction tube 15 mlPP Sarstedt
Reaction tube 50 ml, PP Sarstedt
Reaction tube ggkgﬂgplug StyleVWR
Reaction vessels 0.5 ml, 1.5 ml,Sarstedt
Reacti on (vfesrseRGR){0. 2 ml, flat cgStar Lab
Scal pel bl ades S123 Hartenstein
Shaker fl ask 250 ml , 500 ml ,|Sarsted
Sterile filter 0.2 +m, 0.45 +nSarstedt/ Sar
Syringe 1.0 ml, 5 ml, 1B. Braun
Tf 1l ask 25 ém5 ém 150, c/Sarstedt
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Name Specification Manufacturer
U tracentrifuge tuyOpenhop, PA, 16XScience Servi
Bl otting paper 2 mm, 100 % cot/Bi-Rad

5.3 Chemicals

Table 4: Chemicals

Na me Manufacturer Catal ogue nu
02TCHO Xell AG -(no@HO TF)
ABTS Appli Chem A1088, 0001
Acetic acide Sgle\r/“;fg:t;t; 5000022
':g[ﬁi?Bg":]Sda(czrgy:'la)m'd Appli Chem A4983, 0500
AgaAgar Sigma Aldric 900-280
Agarose Appli Chem A8963
Ammoni um sul phate Sigma dri ch A441BKG
Ampicillin sodium |Carl Roth 6 95 23

APS Appl i Chem 77 2-340

ATP NEB PO756S
f_r\‘r;')daé'"“’l (partirébe gy v ma Aldrich |11365BKG
BHNa @ Mer c k 10480667

Bl asticidin S hydr|Carl Rot h CP14. 2
BrilliaR25®! ue Sigmal dri ch 2781%65G

Br omphenol bl ue Appli Chem A2331,0025
BSA Sigma Aldric 904-8368
CagGl Mer ck 100 3®m48
CelLytic B Cell Ly|Sigma Aldric C87 4100 ML
CHAPS Car |l Rot h 756 2033

Chl orampheni col Car | Rot h 56757
Citric acid Car |l Rot h X863.1

Di vinyl sul fone Sigma Aldric V3700
DMEM Sigma Aldric D5796
DMEM F12 Ham Sigma Aldric D6434

DMS O Carl Roth A994. 2
DTT Thermo Scien 34 8-3 23
EDTA Car |l Rot h 8043. 2

Et hanol (absolute)|VWR 6 41 %5

Et handdnat §r ed 8:?3‘;?2“;‘; 5003033
FCSLQmMumber : BCBTO|Sigma Aldric P4333

21



Material

Na me Manufacturer Catal ogue nu
Gl ucose V WR 24369.290
Glutamine solution|{Sigma Aldrich [G75%:B00ML
Gl ycer ol Car |l Rot h 7530. 1
Gl ycine Car | Rot h 3187. 2
HBSS buffer Sigma dri ch H826%00 ML
HCI V WR 20252.290
HEKT F Xell AG 8640001
HEPES Carl Roth 6763. 2
Hi Trap Protein A H/ GE Healthcare (10146184
Imi dazol e Sigma Aldrich |1 2399
Il PTG Carl Roth 2316. 4
Kanamycin Car | Rot h 8 0 6-8 78
KCI V WR 26764. 298
K HP Q FI uka 60220
LB medium (Lennox)|Carl Rot h X964. 3
Liqguid nitrogen Ch_emica! sto_ra_

Uni versity Bie
Mg Gl Car | Rot h A537.1
Mg SO Fl uka 63140
Mi {Q-wat er - -
N aC Q Car | Rot h A135.1
NaCl V WR 764145
Na k&P Q V WR 444425M
Na OH V WR 28244. 295
Ni trocefin Sigma Aldrich [484406MG
Nonwf at mil k powder [Appl i Chem A0830, 0500
Opti Prep Progen 1114542
Ort hpohosphoric acidS:F\T;fz:tit;{250003l4
P Enla x Pol ysciences, 24765
[(D(cagcllulclltlulrlen)/ Streptolci oma Aldrich |P4331300ML
Phenolred Sigma Aldric P35 3G
PMSF Sigma Aldric 329P86
:???ﬁif’;p;g;?ﬁelecThermo Fi sher A36739
Proti fNoTANiAgar os e Ma c heiNay e | 745400. 25
Pur omydciimydr ochl oriiSi gma Al drich |P8823130 MG
RotGel St ain Car | Rot h 3865. 1
RPML640 Sigma Al drich |D8758
SDS Carl Roth 4360. 2
Silica 6D0.(MW6P4mm) ([Merck Millipor|{763-869
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Na me Manufacturer Catal ogue nu
Sodium citrate Car |l Rot h HN13. 2
Sucrose Sigma Aldrich |[S038®3®006G
TC42 Xell AG 51@001
TEMED Sigma Al drich |T92850ML
Triethanol amine Car | Rot h 6300. 1
Tri s Car | Rot h 7 %861
Tr iHLI Carl Roth 118531
Trypan blue solutiaqgSigma Aldric T81514
Trypsin/ EDTA solut|Sigma Aldric T4041900 ML
Trypt captf one Car | Rot h 8952. 2
Tween 20 Car |l Rot h 900-645
Xyl en cyanol FF Sigma Al drich |X412¥60G
Yeast extract Car | Rot h 2363.1
Zeocin Thermo Fisher R25001
5.4 Buffer and solutions
The compositions of the buffers and solutions presented in the following subchapter are
mainly taken from the method collection of the working group and some of them were
adapted to the respective requirements. Some of the compositions have also been
devel oped from scratch.
Table 5: Buffer and solutions
Na me Composition

50 mM Tri s,
AAV lysis buffer ES&Mmmggf‘C"

pH 73&. 0

3.25 miyNB@

40 mM citric acid,
ABTS buffer with ABTS 60 mM:H\PQ

pH 4.5

1 gBAIBTS (added direct

1 % ( wAgw) os e,
Agarose gel sol uGeiloSnt awin0. 005 % ( v-Ge) SRat n,

in TAE buffer
Ampicillin stock soluti (100 Ag*Ampicillin sodi
APS sol(ult.i5 n%) 1.5 % (w/v) APS

. 0.8 % w/,v BSA

Bl ocking buffer (rAAV2 . PBS ( )
CaGsolution (100 mM) 100 mM LacCl
CaGs$olution (85 mM) wit|{85 mM gacCl
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Na me Composition
15 % (Gl/wger ol
CaGbolution (for HEK293/0.3 M:2CacCl
0 .
CHAPS stock solution L0 % (w/v) (makkreRS ectly

use)

Chl orampheni col

stock s

20 nmgl*!Chl oramphenicol
i lEt hanol (absolute)

Comassi e

staining solut

0.1 % (w/v) Bri205l0i,ant
40 % (#/hwanol ,
10 % (Adet)ic acid

Dest

aining

solombAisem

effo

10 % (v/v) Acetic acid

DNA

l oadi ng

buffer

(100

10 mM -HCIi s

50 % (@Gl/wgerol ,

.2 % (Bwlomphenol bl ue
.2 % (WWhen cyanol FF,
H 7.5

o

DNas

el buff

er (100)

00 mM-HCI s
5 mM MgClI
mM Ga Cl
H7 . 6

DVS

buffer

0 % (Di/winyl ,sul fone
. 1 NeC Q,
H 11.0

El ut

ion buf

fer (for

POR

00 mM Sodium citrate
H 2.5

HBS

buf fer

(20)

0 mM HEPES,
.5 mM MN@ H
80 mM NacCl,
H 7.05

HBSS

buf fer

edable

Hy p e

rtonic

buf fer

0O mM Tri s,
0 % (WBUehose,
mM EDTA

Hy po

tonic b

uf fer

mM MgSO

I MAC

el utio

n buffer

0 mM NOH

00 mM NacCl,

250 mM I midazol e,
pH 8.0

W afga|kr,rNWnw | T NPFE O BT OFL,|T 00NN PEF-|T O

| MAEquil ibration bu

ffer

50 mM MNOH

300 mM NacCl ,

10 mM I midazol e,
pH 8.0

I MAC

wash b

uf fer

50 mM NaOH

300 mM NacCl ,

20 mM I midazol e,
pH 8.0

I PTG

stock

solution

1 M I PTG
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Name

Composition

Kanamycin stock solutiol50 nmgl'tKanamyci n
0. 0% (w/ Byomophenol bl
20% (v/ @lyoer,
. . 10% (w/ 8PS
LBmml i buffer (50) 0.2 M-HTQIi s
250 nbM T
(DTT is added fresh pr
MgGClsol ution (100 mM) 100 mM MgCl
) , 1 M Tri s,
Neutralization buffer (pH 9. 0
2 mMitrocefin,
. . 500 mM:z2PKaH
Nitrocefin buffer 5 % (v/v) DMSO,
pH 7.0
500 mM NacCl ,
100 mM KCI ,
PBS buf®dler (1 10 mM:2H\RQ
10 mM K®
pH 7.5
5 M NacCl,
1 M KCI ,
PBS buffer (100) 100 mMHW®
100 mM2PKaH
pH 7.5
. 10 % (v/v) FCS,
PBS with FCS in PBS buffer
10 mM MgCl
PBSVMK ( 100) 25 mM KCI ,
in 100PBS
. 2 M NacCl
PBSMK + 2 M NacCl (10) o PkS
0.05 % (v/v2dQ Tween
PBST i PBS
PEdaxst ock soluti on 1 AP Edax
. 100 mM Sodium citrate
PKD2 elution buffer
pH 2.5
N i 100 nPWSF,
PMSF stock (slaution in Ethanol (absolute)
) ) 100 mMtric acid,
Protein A elution buffe
pH 3.0
Protein A equilibration 20 mM e
pH 7.0
Protein A neutralizatio1 M Hdls,
pH 9.0
SDS sol U100 o%) 10 % (w/v) SDS
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Name

Composition

200M Gl ycerol,
SDSrunning (baf fer 25 mM Tri s,
0.1 % (w/v) SDS
25 mM -RCIi s
i 192 mM Glycine,
Se mid r transfer buffer
ary ) 20 % (v/v) Ethanol,
pH 8. 2
1.5 M, Tri s
Separatin el buffer ’
P g 9 pbH 8.8
100 mM Glycine HCI pH
100 mM Citric acide pH
Silica elution buffer(s{100 mM Triethanol ami née
50 mM -ACi swith 2.0 M,
M Mg®IH 7.0
25 mM -RCi s
0.15 M 0.3 M 0.6 M ¢
Silica wash buffer (s ' '
(s) 0.05 % or 0O % (20/,v) Tw
pH 8.0
500 mM-HCI ,s
100 mM MgCl
SLi CE buffer (100) 10 mM ATP,
10 mM DTT,
pH 7.5
500 mM Tri s,
Stacking gel buffer
pH 6. 8
40 mM Tri s,
. 1 mM EDTA
TAE buff 10 ] .
! er ) 20 mMetic acid,
pH 8.0
. 10 % (w/ vflatNomi | k powd
TBS bl k buf f
ccking butter in TBS buffer
50 mM -HCIi s
TBS buffer 150 mM NacCcCl
pH 7.6
0.05 % (v/v) Tween 20,
TBST f f
ST buffer in TBS buffer
Trypan blue solution sed@able
Trypsin/ EDTA solution sed@able
0.8 % (w/v) BSA
W h ff AAV?2
as bu er (r capsin PBST
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5.5 Media
The following table lists all cultur e media used in this thesis and their compositions. Media
for bacterial cultivation as well as for animal/human cell culture are listed together. The
compositions of media presented in the following subchapter are mainly taken from the
method collection of  the working group and some of them were adapted to the respective
requirements.
Table 6: Media
Name Composition
8 mM Glutamine,
. ] 0
02TCHO transfection medi opt_|o_nal_. L % (v/iv)
Penicillin/ Streptomyc
in 02TCHO
16. 0'@r3ylpt capt one,
20Ymedi a 10. 0'yetalst extract
5. 0 “g\zalcl
. . 10 % (v/v) DMSO,
Cryo conservation Media |, . .
in respective cultiva
8 mMM Gl utamine,
DMEM F12 Ham medi um 10 % (v/v) FCS,
in DMEM F12 Ham
8 miBl ut ami ne,
DMEM medi um 10 % (v/v) FCS,
in DMEM
8 mM Glutamine,
. optional : 1 % (v/v)
HEKT Fme di um Penicillin/Streptomyc
i n HEK
2 % (w/v) LB medium (
0,
LBagamedi um wi th ampicilll's % (W/«.A)g.aA(gfalr )
0.1 % (AmpwEil ]l isnolsuttoicg
(10000)
2 % (w/v) LB medium (
0,
LBagamedi um wi th chloram|cl'5 % (w/angakgar i
0.1 % (Calweyamphenicol
solution (10000)
2 % (w/v) LB medium (
0,
LB agar medi um with kanal'5 & (W/%)gaAgar
0.1 % (Kaeheanycin stock
(10000)
LB | iquid medium 2 % (w/v) LB medium (
2 % (w/v) LB medium (
LB liquid medium with amo.1 % (AmpvEillin stoc
(10000)
LB |iquid medium with ch2 % (w/v)diLBmmeLennoX
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Na me Composition
0.1 % (Calweyamphenicol
solution (10000)
2 % (w/v) LB medium (
LB Iiquid medium with kao.1 % (Kahamycin stock
(10000)
8 mM Glutamine,
RPML640 medi um 10 % (v/v) FCS,
i n RAMI4O
2 % (witypt dcceapf one,
0.5 % (Y@A®)} extract,
10 mM NacCl,
SOC medi a 2.5 mM KCI ,
10 mM MgSO
10 mM MgClI
20 mB ucose
8 mMM Gl utamine,
. optional: 1 % (v/v)
TCa2 medium Penicillin/ Streptomyc
i mC42
5.6 Enzymes
5.6.1 Restriction enzymes
Table 7: Restriction enzymes and their specifications
Na me Restriction s|Buffer |Tdigebth ®| Cat . Numb ¢
Aat | | 56GACGT|G36 Cut S 37 RO117S
a 3 6 C[TGCAG5 6 utsmar
A H F 5GA|CCGGT36 Cut S 37 R3552S
ge 3 6 TGGCC|A5 6 ut smar
A | 5GGGGCC|€36 Cut S 25 RO0114S
pa 3 6 C|CCGGG5 6 utsmar
A I > 0 GGICGLGCE o Cut S 37 R0558S
s ¢ 3 6 CCGCGC|GG 6 utsmar
B HHF 56G|GATCG36 Cut S 37 R3136S
am 3 8 CCTAG|G 5 6 dtemar
Bbs | 2 OGAAGACINY -3 0\ o) l5, R0O539S
> 3 6 CTTCTG(N)s| -5 6 '
BsaHl > 6GGTCTC(NM -3 0} . ' 37 RO535S
@ 3 8CCAGAG(N}| -5 48| """ >Mmaf
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Name Restriction s|Buffer |Tdigekth ® Cat . Numb ¢

E c o RIF 5§G|AATTC-3(:) Cut Smar|37 R3101S
3 6CTTAA|G-5 0

KpnHF S?GGTAQGB? Cut Smar|37 R3142S
3 6C|CATGG5 0

MI oy I S OGAGTC(NK| -3 0 | - " o 57 RO610S
3 8 CTCAG(N)s| -5 0

Ndel S?CAlTATGB? Cut Smar|37 RO111S
3 6 GTATIAC-5 06

Ngo MI V 5?G|CCGG€3? Cut Smar|37 R0564S
3 6 CGGCC|G5 6
5 6 G|ICTAGG 3 6

NheHF 3 6 CGATC|G 5 6 Cut Smar|37 R3131S

NotHF 5(:3GC|GGCCGC3? Cut Smar|37 R3189S
3 6 CGCCGG|Cp b

Pv u-HF S?CAGK:TGS? Cut Smar|37 R3151S
3 6GTC|GACGS5 0
5 6G|TCGAG 3 6

Sal | 3 6 CAGCT|G5 6 Cut Smar|37 R3138S

SpeHF > OAICTAGT-3 0 Cut Smar|37 R3133S
3 6TGATC|IA- 50

Xbal > OTICTAGA-3 6 Cut Smar|37 RO145S
3 6 AGATC|T-5 0

Xhol 5§C|TCGAG3? Cut Smar|37 R0146S
3 6 GAGCT|G5 6

5.6.2 Other enzymes

Table 8: Enzymes

Name Manuf acturer Cat al ogue Nu

Antarctic Phospha{NEB M0289S

Benzonase Sigma Al drich E101245KU

DNasel NEB M0303S

DNasel Appli Chem A3778

T4 DNA Ligase Thermo Fisher SELO0O011

T4 Polynucl eoti de|NEB M0O201S
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5.7 Antibodies

The listed antibody dilutions refer to the reconstitution solutions recommended by the

manufacturer.

Table 9: Antibodies

Na me Dil uti on Manufacturer
Tet-Has Ant i befdryee B .

mouse -4 A i 12000 Qi agen (Cat . No.
aniAiAV VP1/VP2/ VP3 1100 Progen (Cat.No.
monocl onal , B1

antAiAV2 (intact par|,.

monocl onal A2 0 1: 25ELI SA) Progen (Cat10bb)

Goat -Mouise 1gG (H+
Secondary Antibody|[1:300
conjugate

Thermo Sci(€ati N
31430

Ant i Human 1 9gGl (g . ArcrC@ast .(No. :
speci fic), mouse a ' AMO8151INR

5.8 Oligonucleotides

All oligonucleotide s used in this thesis were purchased from Sigma Aldrich and delivered

in dry, desalt purity. All data concerning the melting temperature (T m) and the annealing
temperature (T a) have been calculated with the eTm calculator a of NEB. In the cas e of

oligonucleotides with overhangs, the calculated data refer only to the initial binding part.

Table 10: Oligonucleotides

Len|GC Tm Ta

Name Sequencel Iy Int|/ % |/ ®c|l/ ®c

A20_GenSynt h Il AAAAAGCTAGCGCCACCATG |20 |50 |61 |64

or

A20_GenSynt hl ATTTTGGGCCCTTATTGGTACd 22 |45 |61 |64

ev

AAAAACATATGAAATATCTGCT
ﬁrzo_GenSynth-C C G cTGe 25 |32 |58 |61

A20_GenSynt h TTTTTCTCGAGTTAACGACCAC 22 |41 |58 |61

rev

GCACCAATCTGGAAATTAAAG(
A2 6 ¢ Flvi n kiecro || GTGGTAGCGGTGGTGGCTCTG
SIi-Car GTGGTTCAGGTGGCGGTAGTE 8° [°4
TTCAGCTGCAAGA

TCTTGCAGCTGAACATCACTAC
A26 c Flvi n kiecro | | CCACCTGAACCACCACCAGAG
S| i-CEv CCACCGCTACCACCACCTTTAA8® |54
TCCAGATTGGTGC
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Name

SequenceY JH)

GC
I %

Tm
/ ®C

Ta
/| ®C

AgeHli-S-Xhoflor

CCGGTCATCATCACCATCATCA
AAC

27

4 4

AgeHi-S-Xhordev

TCGAGTTAATGATGATGGTGAT
TGA

27

37

A-HRY or

AAAAAGACGTCGGTAGAACTG]
AGTGGGAAATG

35

40

58

61

A-HRr ev

AAAAAGGATCCTTCTTGAATTC
TGTCTGGTG

33

39

58

61

A-HRFK or

AAAAAACCGGTATAACTTCGTA
GCATACATTATACGAAGTTATC
GGGGGAGTGAGTGTAC

6 4

39

61

6 2

A-HRR ev

AAAAAACTAGTCCTGTCTGTCT,
TGTATTAATCTG

36

33

59

62

BamHI _wt-f bt a

AAAGGATCCGTATCTACCAACC
CAGAGAGGCAACCACCCAGAA
CTGGCGAAAG

58

53

BamHMBPf or

AAAAAGGATCCGGTGGTGGCT
GTGGTGGTTCAGGCGGTAAAA
AAGAAGGTAAACTGG

63

51

56

60

BamHMCherfrgr

AAAAAGGATCCGGTGGTGGCT
GTGGTGGTTCAGGCGGTGTGT]
AGGGCGAAGAGG

60

60

6 2

64

B-HR4 or

AAAAAGACGTCCTCTCTATTGCG
TCATAAAACACCACAAAC

42

38

6 4

67

B-HRi ev

AAAAAGGATCCTGGTCAAAGA(
GCCCA

29

52

6 4

67

B-HRRK or

AAAAAACCGGTATAACTTCGTA
GCATACATTATACGAAGTTATC
TGGCACTGTTTTCTTCAG

66

36

6 2

65

B-HRR ev

AAAAAACTAGTCTAGGACTGG(C
GTCAGGA

31

45

6 2

65

CBBHi-S-Xhordev

TTTTTCTCGAGTTAATGATGAT(
TGATGATGACCACCGCTACCA/
GTACACGGGGTG

60

48

67

67

C-HRHY or

AAAAAGACGTCTACTCCTTTAG
CCAACATTTG

34

38

58

61

C-HRir ev

AAAAAGGATCCGCCTCACCTTT
GAACATTG

32

41

57

61

C-HRR or

AAAAAACCGGTATAACTTCGTA
GCATACATTATACGAAGTTATT
CGGCTGGATAAGCGCTT

65

35

6 2

6 4

C-HRR ev

AAAAAACTAGTTCAACTGTTTA/

CTCCAGTTCCAG

36

33

6 2

6 4
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. L Tm | T
Na me SequenceYy IdF /ﬁ? /GE/:O /| ®C /A®C
CMVe GF Pp@ASs ¢ || AAMMAAGGCGCGCCCCATAGAG ,
Fev ACCGCATC 3 63 |6 58
CMVe GF P2 AAAAAGGATCCACATTGATTAT
BamHi or ACTAGTTATTAATAG 39 126 154 158
R AAAAAGACGTCATGCCTTACCT . . |, ,
- or AAGCAGC 3 8 6 65
AAAAAGGATCCACTCGTGGTA(
D-HRir ev AGACAAACATG 35 4 3 63 65
AAAAAACCGGTATAACTTCGTA
D-HRF or GCATACATTATACGAAGTTATG|65 |40 |65 |68
TGGTGCCTCAGAGGGTC
AAAAAACTAGTCCTGATTGTCO
D-HRR ev GAACTCTCTGTAGAC 39 41 6 6 6 8
_ TTTTTGGGCCCTCAGTGATGG]
ZGA gle““ st 0P | TGGTGATGACCGGTCTTGCCG|53 |60 |59 |62
panev CTCAG
(H:iB'ngOVrR— PKDR | AAAAACATATGCATCATCACCA 24 |33 |58 |61
C'*:'Bgr AeVVR— PKDE2 | TTTTTCTCGAGTTAACCAACGG 24 |38 |60 |61
AAAAAGGTACCGAACCTAAGT(
KpnKFef or GCGACAAGACC 35 46 63 62
KpnHi sXhoflor | CCATCATCACCATCATCATTAA{23 |39
. A TCGAGTTAATGATGATGGTGAT ,
KpnHi s8Xhordev TGGGTAC 31 4
TTTTTGGTACCACCGCTACCG(
KpnMBPr ev CCTGAACCACCACCGCTACCA(62 |58 |60 |60
TGCGCGTCTTTCAG
AAAAAGGTACCACACCAACAC(
KpnPTCBBf or CGCCGAC 31 52 65 67
TTTTTGGTACCACCGCTACCG(
mCherKynidev CCTGAACCACCACCGCTACCC] 6 5 57 61 64
TACAGCTCATCCATGCC
AAAAACATATGAATCGTCCGCC
NdePKD-2 or 27 37 52 58
TTG
pJET4f.ox CGACTCACTATAGGGAGAGCG 23 |61
pJETIr.en AAGAACATCGATTTTCCATGGC 24 |42
_ TTTTTGGTACCACCGCTACCGA
iK D'HB amHLi nkelccTGAACCACCACCGGATCCC 70 |51 |55 |58
priev TAATCAACTGCTTTATTAACGG
AAACAGCTGTAGCTGCTTGTCT
Pvull _wrebl a|l \ATGCTTAATCAGTGAGGCAC( 46 |48
qPCRGH or CTCCCCAGTGCCTCTCCT 18 |67
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Name SequenceY 3By }ﬁ? f; ;iMZT%C
gPCRGH ev ACTTGCCCCTTGCTCCATAC |20 |55

SEA2 6 ¢ FHOf o| CTACGAGTGGTTTACCTATTGG 22 |45

SECFerev GTAGGTGGAGTTGTACTGTTC |21 |48

SEQ | TBR ATGAACTAATGACCCCGTAATT 23 |39

SEQ | BR géAATGTTGAATACTCATACTC 6 -

SEQUBPf or GCTACGCTCAATCTGGCCTG |20 |60 |67
SEQnCherfrgr CCTGTCCCCTCAGTTTATG 19 |53 |60
SE@cDNA5FERT | CGCAAATGGGCGGTAGGCGTG21 |67
SEpcDNA5SE RV | TAGAAGGCACAGTCGAGG 18 |56

?iﬁ;‘; DN#AS nt el cTTAATGCGCCGCTACAGGG |20 |60

S b ¢ DNASoT TTAAGCTACAACAAGGCAAG |20 |40

SEQ ET 2f4o0r TAATACGACTCACTATAGG 19 |37

SEQ ET 2rde v GCTAGTTATTGCTCAGCGG 19 |53
SEQQSB1d3or AATACGCCCGGTAGTGATCT |20 |50
SE@SB1Q3v GTATTACCGCCTTTGAGTGA |20 |45

SEQ | TR AACGCCTGGTATCTTTATAGTC 23 |43

SEQ | T5R CCTAATCTCAGGTGATCTACC |21 |48

Tar gebDow ev CCCAGAGTTTGGATCAGGTGC(22 |59 |65 |68
Tar getor CACCGACAGAGAATTCAAGAA( 24 |46

Tar gletev AAACCTGTTCTTGAATTCTCTG] 24 |38

Tar getpfor GAGTGCTGTCAGGAGCAGTTG|24 |58 |68 |68
Tar geeDowir ev CCGCAAGGAGAACCGGCAG |19 |68 |65 |67
Tar gietor CACCGGGCGGCTCTTTGACCA 24 |71

Tar gt ev AAACCCGTGGTCAAAGAGCCG|24 |63

Tar geetUpf or GTTCGGATGGCTTTGACATGT( 24 |50 |64 |67
Tar g@ébowi ev iggéGTCTGAGTTCTCATTCTT 28 |43 |63 |66
Targ@ftor CACCGTTCTTAAAGGTGAGGC 24 |46

Tar g@tev AAACTTAGCCTCACCTTTAAGA 24 |38

Tar g@Wpfor CAAGGGAAATGGCAAGACACCI 23 |52 |64 |66
Tar gebowsw ev | CCGAGACAGGGTTTCTCTGTG({22 (59 |64 |66
Tar getor CACCGTCTGTGTACCACGAGT(24 |58

Tar gt ev AAACAGCACTCGTGGTACACA(24 |50

Tar gRUpf or GTGGTAGTACATTTGGGTAATT] 29 a1 les les

CGTAC
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Len|GC Tm Ta

Na me SequenceYy IdF Intliw |/ ecl/ ®c
AAAAAGGCGCGCCATAACTTC(
Zed or TAGCATACATTATACGAAGTTA 6 9 39 58 61

TGTGGAATGTGTGTCAGTTAG

AAAAAACCGGTCAGGCTTTACA
Zeqg ev TTATGCTTC 33 39 57 61

Len.: Length

5.9 Plasmids

5.9.1 Cloning vectors

5.9.1.1 pSB1C3
pSB1C3isa 2070 bplong, high copy number plasmid and the designated registry shipping

plasmid backbone for the iGEM competition. It was originally generated by Austin Che in

2008 and has the official registry number BBa_J04450. It has a pUC19 -derived ori (origin
of replication) and it carr  ies a chloramphenicol resistance. pS B1C3 has a MCS which was
design ed to allow the idempotent cloning strategy RFC 10 (see Chapter 6.1.18 ). Its MCS
is bracketed by terminator sites which should prevent transcription from the inside of the

MCS into the vector s backbone. It is shipped in a 3139 bp variant with an insert coding

for mRFP1 under the control of the bacterial, constitutive promoter Lacl [148] .In the ZMB
lab avariantof  this plasmid called pSB1C3_001_Laclprom_RFP_Term (pZMB0084) isused .
This 3140 bp long variant differs from the original by the following seven mutations (based

on the original numbering) : 34+A, G35C, C414T, T819C, A1293G ( avoid Sspl digest),
C1479T and C1 704G ( avoid Pvull digest).

Xbal (2.066) A Sﬁel (3?
EcoRI (2,051), Notl (2,058) “~Notl (11),Pstl (21)

S Terminator

2| g—CAT Marker REMBOOSS P
< N 3,140 bp pUC or

1,000

Figure 4: Vector map of pSB1C3 001_Lacl_promoter -RFP-Terminator (pZMB0084 , with
pSB1C3_001 backbone)
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5.9.1.2 pJET1.2/blunt

This 2947 bp long vector from Thermo Scientific is ideal for subcloning PCR products or

linearized gene syntheses. It is available as a linearized blunt vector. The blunt site within
the MCS is located in the ORF of the eco47IR gene, which encodes a lethal restriction
endonuclease. An insertion of a DNA fragment interrupts the reading frame of the gene,
which result s in bacterial colony fo rmatio n after transformation. The pJET1.2/blunt vector
carries an ampicillin resistance. The following images show the vector map and the MC S
[149] .

A

PJETY.2 forward sequencing primer, 23-mer

>
Eco521
7 gomete = R R
5/ GGC GEA ATA CGA CIC ACT ATA GGG AGA GCG GCC GCC AGA TCT TCC GGA TG
3’ CCG CAT TAT GCT GAG TGA TAT €CC 7cT CGC CGG CGG TCT AGA AGG CCT AC

—Xmol
G CTC GAG TTT TTC AGC AAG AT A TCT TTC TAG AAG ATC TCC
C GAG CTC AAA AAG TCG TTC TA T AGA AAG ATC TTC TAG AGG
Glu Leu Llys Gu Ala Leu Ag Glu Lew Leu Asp Gly
Btgl
Eco1301
Neol Bsuisl 2
TAC AAT ATT CTC AGC TGC CAT GGA AAA TCG ATG TIC T7C T 37
ATG TTA TAA GAG TCG ACG GTA CCT TTT AGC TAC AAG AAG A 5'
Val lle Asn Glu Ala Ala Met Ser Phe Arg His Glu Glu
PJET1.2 reverse sequancing primer, 24-mer

Figure 5: Vector map (A) and MC S (B) of pJET1.2/blunt  vector [149] .

5.9.1.3 puUC19
pUC19 is a 2686 bp long high copy number plasmid from Thermo Scientific. The high copy

number of all pUC plasmids is a result of the lack of the rop gene and a single point

mutation in the replicon rep of pMB1 , which originally came from pBR322 . pUC19 carries
the bla gene encoding for ! -lactamase, which leads to ampicillin resistance in the host
organism, it differs from the bla gene of pBR322 by two point mutations. The plasmid

carries the E. coli lac operon , which contain s a CAP (catabolite activator protein ) binding
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site, the Paac promoter , the lac repressor binding site and the 5 f-terminal part of the lacZ
gene encoding for the N -terminal fragment of | -galactosidase. This fragment, whose
synthesis can be induced by IPTG, is capable of intra -allelic complementation with a
defective form of ! -galactosidase encoded by the host (mutation R(lacZ)M15). In the
presence of IPTG, bacteria synthesize both fragmen ts of the enzyme and form blue colonies

on media with X -Gal. This can be used for a color selection, because DNA insertions into
the MCS located within the lacZ gene (codons 6 -7 of lacZ are replaced by MCS) interrupts
the N -terminal fragment of | -galactosi dase and inhibit the #-complementation. This leads
to b acteria which form white colonies if they are carrying recombinant plasmids . The MCS

of pUC19 is 54 bp long and contains the unique sites of 13 different restriction

endonucleases. Its MCS is inverted compared to th ose of pUC18, which is the only
difference between these plasmids. The following image show the vector map of pUC19
[150] .

Eco01091 2674
Aatll 2617
Sspl 250 Ehel, SspDI 235

Pdmil 2294

Begl 2215 MCS
Scal 2177
Tsol 2108
BsaXl 659
Lgul 683
NmeAlll 1822 Afllll, Pscl 806
Gsul 1784,

Eam11051 1694

Figure 6: Vector map of pUC19  [150]

5.9.2 Expression vectors

5.9.2.1 pcDNAS5/FRT
The vector pcDNA5S/FRT of Life Technologies has a length of 5070 bp. The CMV

(Cytomegalovirus ) promoter makes it suitable for strong expression of the target gene in

animal cells. Furthermore, it can be stabl y be integrated into the genome and selected by
the flipase recombinase recognition site (FRT) and a hygromycin resistance gene, if
appropriate cell lines are used . It can be selected and amplified in E. coli cells by its
ampicillin resistance gene and the pUC ori . The following figures show a vector map and

the MC S [151] .
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— CMV promoter CAAT

CMV forward priming shio TATA 3 endof CMV promoter putative transcriptonal stant
1 r

17 promoteripriming ske Ano !

Pmel® AN Hind Il Asp7181 Kpnl BamH | BstX

EcoRYV BstXr Not Xno| Apa Pme I*
|

BGH reverse priming site

Figure 7:Vector map (A) and MC S (B) of pcDNA5/FRT vector  [151] .

5.9.2.2 pET2la

pET2l1la is a 5443 bp long, low copy, bacterial expression vector which uses the T7
expression system. Bacterial expression is possible in strains such as E. coli BL21(DE3).
The DE3 appendix means that thisstrain cont ains the nNDE3 | ysogen that
for T7 RN A polymerase under control of the lacUV5 promoter. By induction with IPTG, the
expression of the T7 RNA polymerase can be induced. The T7 RNA polymerase is necessary

for the expression of the gene of interest as it is under the control of the T7 promoter o n
the pET21a vector. The pET2la vector also carries the natural promoter and coding

sequence of the lac repressor (lacl). T he lac repressor acts  at the lacUV5 promoter in the
host chromosome to repress transcription of the T7 RNA polymerase gene by the hos t
polymerase , because of the lac operator sequence of the promoter. Furthermore, for the

same reason, the transcription of the gene of interest is repressed, thus reducing the early

production of the target protein. The pET21a Vector carries an ampicillin resistance gene
and the MCS is terminated at the 5 r-end by a T7 -tag sequence and atthe3  f-end by a His -

tag sequence. The following figures show the vector map and the MCS [152] .
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Figure 8: Vector map (A) and MC S (B) of pET21a [152] .

5.9.2.3 pET24b

pPET24b is a 5 309 bp long, low copy, bacterial expression vector which uses the T7
expression system.  The vector system works the same as the pET21a vector, which is why

it is not discussed in detail here (see Chapter 5.9.2.2 ). The most important differe nce of
both vectors is that the pET24b vector carries a kanamycin resistance gene instead of an

ampicillin resistance gene. The MCS differs only by a deletion of the base C directly in front

of the BamHlI restriction site (position 198), so that the His 6-tag at the 3 f-end of the MCS
is in frame with the ATG (start codon) of the Ndel restriction site (see Figure 8B) [153] .

5.9.3 Plasmids for rAAV production

One of the central aspects of this thesis is the production of recombinant AAV2 variants.

This is achieved by using a special plasmid system. This plasmid system is based on

Agilent fs helper -free rAAV production system and was modified in 2010 as part of an iG EM
competition project at the University of Freiburg. The students succeeded in expanding the

system in such a way that capsid modifications and the modular assembly of the GOI

sequence w ere possible by simple cloning steps [154] . Later, at the University of Potsdam,

the system was extended by the possibility of mosaic virus production [76] . Ultimately, it

was improved and expanded in this and other theses at the University of Bielefeld . It would
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