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Abstract

Botulinum neurotoxin (BoNT) is produced by the anaerobic bacterium Clostridium
botulinum. It is one of the most potent toxins found in nature and can enter motor neurons (MN)
to cleave proteins necessary for neurotransmission, resulting in flaccid paralysis. The toxin has
applications in both traditional and esthetic medicine. Since BONT activity varies between
batches despite identical protein concentrations, the activity of each lot must be assessed. The
gold standard method is the mouse lethality assay, in which mice are injected with a BONT
dilution series to determine the dose at which half of the animals suffer death from peripheral
asphyxia. Ethical concerns surrounding the use of animals in toxicity testing necessitate the
creation of alternative model systems to measure the potency of BoNT.

Prerequisites of a successful model are that it is human specific; it monitors the complete
toxic pathway of BoNT; and it is highly sensitive, at least in the range of the mouse lethality
assay. One model system was developed by our group, in which human SIMA neuroblastoma
cells were genetically modified to express a reporter protein (GLuc), which is packaged into
neurosecretory vesicles, and which, upon cellular depolarization, can be released — or inhibited
by BoNT — simultaneously with neurotransmitters. This assay has great potential, but includes
the inherent disadvantages that the GLuc sequence was randomly inserted into the genome and
the tumor cells only have limited sensitivity and specificity to BoNT. This project aims to
improve these deficits, whereby induced pluripotent stem cells (iPSCs) were genetically
modified by the CRISPR/Cas9 method to insert the GLuc sequence into the AAVS1 genomic
safe harbor locus, precluding genetic disruption through non-specific integrations. Furthermore,
GLuc was modified to associate with signal peptides that direct to the lumen of both large dense
core vesicles (LDCV), which transport neuropeptides, and synaptic vesicles (SV), which
package neurotransmitters. Finally, the modified iPSCs were differentiated into motor neurons
(MNSs), the true physiological target of BONT, and hypothetically the most sensitive and specific
cells available for the MoN-Light BoNT assay.

iPSCs were transfected to incorporate one of three constructs to direct GLuc into
LDCVs, one construct to direct GLuc into SVs, and one “no tag” GLuc control construct. The
LDCV constructs fused GLuc with the signal peptides for proopiomelanocortin (hPOMC-
GLuc), chromogranin-A (CgA-GLuc), and secretogranin Il (Sgll-GLuc), which are all proteins
found in the LDCV lumen. The SV construct comprises a VAMP2-GLuc fusion sequence,

exploiting the SV membrane-associated protein synaptobrevin (VAMP2). The no tag GLuc
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expresses GLuc non-specifically throughout the cell and was created to compare the
localization of vesicle-directed GLuc.

The clones were characterized to ensure that the GLuc sequence was only incorporated
into the AAVSL1 safe harbor locus and that the signal peptides directed GLuc to the correct
vesicles. The accurate insertion of GLuc was confirmed by PCR with primers flanking the
AAVS1 safe harbor locus, capable of simultaneously amplifying wildtype and modified alleles.
The PCR amplicons, along with an insert-specific amplicon from candidate clones were Sanger
sequenced to confirm the correct genomic region and sequence of the inserted DNA. Off-target
integrations were analyzed with the newly developed dc-qcnPCR method, whereby the insert
DNA was quantified by gPCR against autosomal and sex-chromosome encoded genes. While
the majority of clones had off-target inserts, at least one on-target clone was identified for each
construct.

Finally, immunofluorescence was utilized to localize GLuc in the selected clones. In
IPSCs, the vesicle-directed GLuc should travel through the Golgi apparatus along the
neurosecretory pathway, while the no tag GLuc should not follow this pathway. Initial analyses
excluded the CgA-GLuc and Sgll-GLuc clones due to poor quality protein visualization. The
colocalization of GLuc with the Golgi was analyzed by confocal microscopy and quantified.
GLuc was strongly colocalized with the Golgi in the hPOMC-GLuc clone (r = 0.85+0.09),
moderately in the VAMP2-GLuc clone (r = 0.65+0.01), and, as expected, only weakly in the
no tag GLuc clone (r = 0.44£0.10). Confocal microscopy of differentiated MNs was used to
analyze the colocalization of GLuc with proteins associated with LDCVs and SVs, Sgll in the
hPOMC-GLuc clone (r=0.85+£0.08) and synaptophysin in the VAMP2-GLuc clone
(r = 0.65+0.07). GLuc was also expressed in the same cells as the MN-associated protein, Isletl.

A significant portion of GLuc was found in the correct cell type and compartment.
However, in the MoN-Light BoNT assay, the hPOMC-GLuc clone could not be provoked to
reliably release GLuc upon cellular depolarization. The depolarization protocol for hPOMC-
GLuc must be further optimized to produce reliable and specific release of GLuc upon exposure
to a stimulus. On the other hand, the VAMP2-GLuc clone could be provoked to release GLuc
upon exposure to the muscarinic and nicotinic agonist carbachol. Furthermore, upon
simultaneous exposure to the calcium chelator EGTA, the carbachol-provoked release of GLuc
could be significantly repressed, indicating the detection of GLuc was likely associated with
vesicular fusion at the presynaptic terminal. The application of the VAMP2-GLuc clone in the
MoN-Light BoNT assay must still be verified, but the results thus far indicate that this clone

could be appropriate for the application of BONT toxicity assessment.
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Zusammenfassung

Botulinum neurotoxin (BoNT) wird von dem obligat anaeroben Bakterium Clostridium
botulinum produziert. Es ist eines der giftigsten natiirlich vorkommenden Toxine. Nach
Aufnahme in den Korper dringt es in Motorneurone ein und spaltet spezifische Proteine, die fir
die Freisetzung des Neurotransmitters Acetylcholin notwendig sind. Dadurch kommt es zu
einer schlaffen La&hmung der Muskulatur, die zu einer peripheren Asphyxie fuhrt. Trotz seiner
hohen Toxizitat wird BoNT als Therapeutikum in der klassischen und kosmetischen Medizin
genutzt. Da die Aktivitat des biosynthetisch gewonnenen Toxins zwischen einzelnen Chargen
trotz gleicher Proteinkonzentration stark variiert, muss die Aktivitat jeder Préparation getestet
werden. Dafur ist der Goldstandard der Mausletalitits-Test, bei dem den Tieren
unterschiedliche Dosen des Toxins injiziert werden und die Dosis ermittelt wird, bei der die
Halfte der Tiere verstirbt. Wegen der damit verbundenen ethischen Probleme wird dringend

nach Ersatzverfahren fir diesen Tierversuch gesucht.

Ein Ersatzverfahren muss folgende Bedingungen erflillen: Es muss humanspezifisch
sein; es muss alle Teilschritte der BoNT-Wirkung messen; und es muss eine hohe
Empfindlichkeit haben, die in der gleichen GrofRenordnung wie der Maus-Letalitétstest liegt.
Es wurde bereits ein Testsystem von unserer Gruppe entwickelt, bei dem humane SIMA-
Neuroblastomzellen genetisch so modifiziert wurden, dass sie ein Reporterprotein (GLuc)
exprimieren. Dieses wurde in neurosekretorische Vesikel verpackt und durch Depolarisation
der Zellen gleichzeitig mit Neurotransmittern freigesetzt. Die Freisetzung wurde durch BoNT
gehemmt. Obwohl dieser Assay grofRes Potential hat, wird seine Anwendbarkeit durch
inhdrente Nachteile eingeschrankt, da die GLuc-Sequenz zufallig in das Genom eingefigt
wurde und die Tumorzellen nur eine begrenzte Sensitivitdt und Spezifitat gegeniiber BoNT
haben. Diese Dissertation hatte zum Ziel, diese Defizite zu verbessern. Zu diesem Zweck
wurden induzierte pluripotente Stammzellen (iPSCs) durch die CRISPR/Cas9-Methode
genetisch modifiziert, um die GLuc-Sequenz in den genomischen Safe-Harbor-Lokus AAVS1
einzufligen, wodurch ausgeschlossen wird, dass durch unspezifische Integrationen ins Genom
die Funktion anderer Gene gestort wird. Daruber hinaus wurde GLuc so modifiziert, dass sie
mit Signalpeptiden versehen wurde, die sie zum Lumen sowohl von , Large Dense Core*
Vesikeln (LDCV), die Neuropeptide transportieren, als auch von synaptischen Vesikeln (SV),
die Neurotransmitter verpacken, fiihren. Schlielflich wurden die modifizierten iPSCs in

Motorneurone (MNs) differenziert, der eigentlichen physiologischen Zielstruktur von BoNT,
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die mutmaBlich am empfindlichsten und spezifischsten auf BoNT reagieren und daher fir den
MoN-Light BoNT-Assay am geeignetsten ein sollten.

IPSCs wurden transfiziert, um eines von drei Konstrukten zu integrieren. 1) ein
Konstrukt, das GLuc in LDCVs leitet, 2) ein Konstrukt, das GLuc durch Fusion mit VAMP2
in SVs leitet und 3) ein "no tag" GLuc-Kontrollkonstrukt. Die LDCV-Konstrukte enthielten die
Signalpeptide Proopiomelanocortin (hPOMC), Chromogranin-A (CgA) und Secretogranin 11
(Sgll). Die VAMP2-GLuc-Fusion transportiert GLuc in SVs, so dass Neurotransmitter und
GLuc gemeinsam und nicht, wie bei den anderen Konstrukten parallel, aus unterschiedlichen
Vesikeln freigesetzt werden. Die "no tag GLuc"-Kontrolle wurde erstellt, um die Lokalisation
von GLuc, die ohne Sortierungssignal in der Zelle exprimiert wird, mit der GLuc mit

Sortierungssignalen fiir die unterschiedlichen Vesikel zu vergleichen.

Die Klone wurden charakterisiert, um sicherzustellen, dass die GLuc-Sequenz
ausschlieBlich in den AAVS1-Safe-Harbor-Lokus eingebaut wurde und dass die Signalpeptide
GLuc zu den richtigen Vesikeln leiten. Die korrekte Insertion von GLuc wurde durch PCR mit
Primern bestétigt, die den AAVS1-Lokus flankieren und in der Lage sind, gleichzeitig Wildtyp-
und modifizierte Allele zu amplifizieren. Die PCR-Amplikons wurden zusammen mit einem
Insert-spezifischen Amplikon von Kandidatenklonen mittels Sanger-Sequenzierung untersucht,
um die korrekte genomische Region und Sequenz der eingefiigten DNA zu bestatigen.
Madgliche Integrationen auBRerhalb der Zielregion wurden mit der neu entwickelten dc-qcnPCR
analysiert, wobei die Insert-DNA mittels gPCR gegen autosomal und geschlechts-chromosomal
kodierte Gene quantifiziert wurde. Auch wenn die Mehrzahl der analysierten Klone Off-Target-
Integrationen enthielt, konnte fur jedes Konstrukt mindestens ein vollstindig On-Target-

homozygoter Klon identifiziert werden.

SchlieBlich wurden die GLuc in ausgewahlten Klonen durch Immunfluoreszenz
lokalisiert. In iPSCs sollte die GLuc mit Sortierungssequenzen fiir Vesikel durch den Golgi-
Apparat entlang des neurosekretorischen Weges wandern, wihrend die ,,no tag® GLuc diesem
Weg nicht folgen sollte. Anfangliche Analysen schlossen die CgA-GLuc- und Sgll-GLuc-
Klone aufgrund der schlechten Qualitat der Proteinvisualisierung aus. Die Kolokalisation von
GLuc mit dem Golgi-Apparat wurde mittels konfokaler Mikroskopie analysiert und
quantifiziert. GLuc war im hPOMC-GLuc-Klon sehr stark (r = 0,85+0,09), im VAMP2-GLuc-
Klon maRig (r = 0,65+0,01) und im no tag GLuc-Klon erwartungsgemaf nur schwach (r =
0,44+0,10) mit Golgi-Markern assoziiert. Nach der Differenzierung in MNs wurde die

Koexpression von GLuc mit dem MN-assoziierten Protein Isletl bestatigt. Konfokale
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Mikroskopie von MNs wurde angewandt, um die Kolokalisation von GLuc mit Proteinen zu
quantifizieren, die mit LDCVs und SVs assoziiert sind, nd&mlich Sgll mit der hPOMC-GLuc (r
= 0,85+0,08) und Synaptophysin mit VAMP2-GLuc (r = 0,65%0,07).

Ein signifikanter Anteil von GLuc wurde im richtigen Zelltyp und Kompartiment
gefunden. Im MoN-Light BoNT-Assay wurde die GLuc jedoch nicht zuverldssig durch
Depolarisation aus dem hPOMC-GLuc-Klon freigesetzt. Das fur die SIMA-hPOMC-Gluc-
Zellen entwickelte Depolarisationsprotokoll muss fur hPOMC-GLuc weiter optimiert werden,
um eine zuverlassige und spezifische Freisetzung von GLuc bei Exposition gegenuber einem
Stimulus zu erreichen. Andererseits konnte die GLuc aus dem VAMP2-GLuc-Klon durch
Stimulation mit dem muskarinischen und nikotinischen Agonisten Carbachol freigesetzt
werden. Die Carbachol-abhéngige Freisetzung der GLuc konnte mit dem Calcium-Chelator
EGTA unterdriickt werden, was darauf hindeutet, dass die Freisetzung der GLuc
wahrscheinlich von der Fusion synaptischer VVesikel am prasynaptischen Terminal abhéangig ist.
Die Anwendung des VAMP2-GLuc-Klons im MoN-Light BoNT-Assay muss noch verifiziert
werden, aber die bisherigen Ergebnisse deuten darauf hin, dass dieser Klon fiir die Anwendung

der BONT-Toxizitatsbewertung geeignet sein konnte.
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1 Introduction

Botulinum Neurotoxins (BoNT) are some of the most toxic naturally occurring
substances on Earth. Exposure to BoNT disrupts the protein complex necessary for synaptic
vesicle fusion with the presynaptic membrane of the motor neuron end junction, inhibiting
neurotransmitter release into the synaptic cleft. The subsequent blockade of signal propagation
causes flaccid muscle paralysis. Despite the inherent danger in overexposure to the toxin, BONT
has found its place in treatment of both cosmetic and medical conditions, appropriate for a wide
variety of spastic muscle disorders and as pain alleviators. Their implementation has proven to
be an important factor in the improvement in the quality of life and condition of patients
receiving the toxin as medication. Since this substance has a narrow therapeutic index and
potentially lethal side effects, the efficacy of these treatments has been tested, developed, and
quality controlled with the help of animal testing, whereby hundreds of thousands of mice are

sacrificed each year to determine the toxicity of each pharmaceutical preparation?.

As technology improves and the ethics of animal testing are more rigorously questioned,
the opportunity to develop safe and reliable alternatives to animal testing is evident. The aim of
this project is to improve and specialize an in vitro cell-based toxicity assay to measure the
potency of individual pharmaceutical charges of BoNT. A prototype of this experimental
method, termed Random_Insertion-hPOMC1-26GLuc, was developed in SIMA neuroblastoma
cells, in which a reporter gene sequence (Gaussia luciferase, GLuc) was stably transfected into
the SIMA genomic DNA (gDNA). The GLuc, which was randomly inserted into the SIMA
genome, contains a signal sequence to sort the reporter protein into neurosecretory vesicles.
Upon stimulation of the nerve cells, both neurotransmitters and the reporter protein in the
neurosecretory vesicles would be released into the medium surrounding the cells, which can be
collected and analyzed. Upon exposure of BoONT, neurosecretory vesicle fusion to the plasma
membrane is blocked and neurotransmitter and reporter protein release should be inhibited in
parallel. Preliminary experiments indicated that this method had great potential: the sensitivity
of the cells to the BoNT was similar to that in the mouse lethality test and the method was
simple and reproducible?. In order to improve the method, this project involved making the

following modifications to the assay:

1. The cells are genetically modified with CRISPR/Cas9, specifically inserting the
reporter gene at the AAVSL safe harbor site in order to avoid any off-target

integration sites and therefore potentially harmful effects on the cells.
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2. The modified cells are human induced pluripotent stem cells (hiPSCs), which retain
the ability to be differentiated into any cell type.

3. Post-modification, the cells are differentiated into motor neurons, the physiological
target of BONTSs.

A summary of the assay, designated the MoN-Light BoNT assay, is visualized in Figure 1.

R Voltage gated
Synaptic vesicle - Gluc T\ SNAP-25 k‘é\ SNARE complex . calciugm Channels
Acetylcholine ~_ VAMP Syntaxin eoca?t
Motor neuron Motor neuron
(‘) B ONT axon terminal (+) B ONT axon terminal

Na'-HBS K'-HBS Na“-HBS K'-HBS

= Luciferase activity i

Figure 1: Visual representation of MoN-Light BoNT assay. Under normal conditions ((-) BoNT), exposure to the control buffer
(Na*-HBS) does not initiate Ca?* influx and luciferase is not released into the solution surrounding the cell. Exposure to the
depolarization buffer (K*-HBS) causes an influx of Ca?* into the presynaptic terminal, initiating the creation of the SNARE
complex, and allowing the release of neurotransmitters and luciferase into the surrounding solution, resulting in detection of
increased luciferase activity. Upon exposure to a high concentration of BoNT ((+) BoNT), the members of the SNARE complex
are cleaved (depending on BoNT serotype). The circumstances under the control buffer remain the same. Exposure to the
depolarization buffer still instigates Ca?* influx, however the SNARE complex is disrupted and the vesicle cannot fuse to the
presynaptic membrane, blocking neurotransmitter and luciferase release. No increase in luciferase activity is detected.

To elucidate the intricacies of this project, the following passages will provide an
overview of the development of the nervous system, including motor neurons and
neurosecretory vesicles. The role of the SNARE protein complex in neurotransmission will be
clarified. Next BoNT will be described, including its protein structure and molecular
mechanism. Furthermore, the current methods to assess BONT toxicity will be summarized.
Finally, the advent of induced pluripotent stem cells and the advances of technologies to

genetically modify organisms and cells will be addressed.
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1.1 Development of the nervous system

1.1.1 Neuronal development

The differentiation of iPSCs into motor neurons emulates the processes taking place in
early embryogenesis. Early in embryogenesis a process called gastrulation leads to the
formation of the three primary germ layers, the endoderm, the mesoderm, and the ectoderm. A
cylinder of mesodermal cells begins to extend through the embryo, forming the embryonic
midline called the notochord. Directly above the notochord is a specific part of the ectoderm
called the neuroectoderm, from which the nervous system develops. The notochord is
responsible for sending the appropriate signals to induce neural differentiation: the
neuroectodermal cells differentiate into neural precursor cells in a process called neurulation,
in which the neural plate develops along the midline ectoderm. The neural plate begins to fold
into the neural tube, which subsequently forms the brain and spinal cord (process summarized
in Figure 2). Within the neural tube there are neural precursor cells, stem cells that become
neuroblasts, which then differentiate into neurons®. Specifically, within the ventral neural tube
multiple classes of neurons begin to develop, including both upper and lower motor neurons
(MNs). Neuronal fate is strictly linked to cellular position and the extrinsic signals reaching
these locations®. The highly organized spatial and temporal coordination of endogenous
signaling molecules regulates gene expression at very specific timepoints of fetal development.
An example of this inductive molecular signaling molecules is retinoic acid (RA), which is
secreted by the somites and targets the gene expression through modulation of transcription

factors, and whose dysregulation can severely disrupt neural development®®.

/\ Neural crest

Neural plate Neural tube

Ectoderm
Ectoderm
e Somite
Endoderm Notochord Mesoderm

Notochord Floorplate

Figure 2: Schematic of neurulation. Adapted using Inkscape from Purves et al 2001.

Due to the expression of a combination of transcription factors surrounding the neural
tube, the progenitor domain will form in the ventral spinal cord. Progenitor MNs (pMN) arise
from the section of the domain which expresses a combination of genes including NKX6.1,
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PAX6, and OLIG2. At this point the pMN is ready to exit the cell cycle and begin the
differentiation process to become a mature MN®. The process is highly regulated in order to
produce the correct amount of MNs at the appropriate time. Among other factors influencing
this complex mechanism, OLIG2 contributes to the expression of neurogenin 2 (NEUROG2).
This is an especially interesting interaction, where in a precise coordination of timing and
concentration, OLIG2 appears to hold pMNs in a dividing state, but also subsequently opens
the course for NEUROG?2 to push the developing motor neuron into the differentiated state®.
NEUROG?2 interacts with the RA receptor and influences the transcription of MN genes,
including one important downstream target, the motor neuron and pancreas homeobox 1 (HB9,
aka MNX1). Once expressed, HB9 can self-regulate and is therefore independent from other

pPMN signals and, along with Isletl, is a reliable marker for post-mitotic MNs®.

Despite the complexity of the system only a relatively small number of factors are
actually needed to modulate cell fate and development, these developmental cues occur at
specific times and concentrations and in certain combinations’. Therefore, the derivation of
MNs as an in vitro model system should theoretically be possible. However, the differentiation
of pluripotent cells into motor neurons still has many hurdles to overcome. Multiple groups
have taken on the challenge to develop technical protocols to guide the efficient production of
pure and functionally mature MNs resulting in reported populations ranging from 70 to 90 %°®°.
These MN populations can be derived from patients with specific MN diseases, such as
amyotrophic lateral sclerosis, in order to study patient and disease specific changes in the
cells'®. The populations can also be derived from iPSCs from a healthy donor, which can be
genetically modified to investigate a specific hypothesis based upon the modified cells.

Additional aspects about the relevance of iPSCs are presented in more detail below.

1.1.2 The Neuron

Neurons are essential for the organism to process and integrate responses to the outside
world. While the diverse population of cells found in the human body can share many features,
neurons have more complex cell specializations than any other cell type!'. Each specific
neuronal type has a characteristic structure and neurons can range in size from just a few to
greater than 100 micrometers (um)2. Neurons contain a large-scale translational cytoplasm
consisting of polysomes, rough and smooth endoplasmic reticulum, and the Golgi complex,
responsible for the high protein synthesis and transport necessary for the neuron to function and

prosper*!2, As illustrated in Figure 3, the cell body (soma) of the neuron containing the nucleus
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narrows into the axon which can end after a couple of um or extend to more than one meter in
length. Secretory vesicles, vesicles containing secretory polypeptides, as well as
neurotransmitter elements are transported from the translational cytoplasm towards the axonal
termination with the help of microtubules and motor molecules by fast anterograde axonal
transport. These axonal terminations form the site of the synapse where the arriving action
potential triggers the opening of voltage-gated calcium channels, resulting in the fusion of
synaptic vesicles with the presynaptic terminal membrane and the release of the
neurotransmitter into the synaptic cleft. The neurotransmitter binds to the postsynaptic

receptors and the signal propagates*2.

The main neurotransmitter of lower motor neurons, found in the spinal cord and
enervating outside the central nervous system, is acetylcholine (ACh)®. ACh is synthesized by
choline acetyltransferase from acetyl coenzyme A and choline!?. The vesicular ACh transporter
(VAChT) actively transports acetylcholine into the SVs of cholinergic motor neurons®. Upon
depolarization of the motor neuron, the SVs fuse with the plasma membrane, the ACh is
released into the motor neuron end junction where it can bind to acetylcholine receptors along
the postsynaptic muscle fiber membrane. This interaction triggers a series of depolarizations
and finally a muscle fiber action potential and contraction. Remaining ACh is hydrolyzed by
acetylcholine esterase and the cycle of synaptic transmission is complete®,

Figure 3: Simplified illustration of a motor neuron and selected components A) nucleus, B) Endoplasmic reticulum, C) Golgi
apparatus, D) large dense core vesicle with cargo, D?) synaptic vesicle E) large dense core vesicle and synaptic vesicle carried
to presynaptic terminal by fast anterograde axonal transport, F) vesicles reach presynaptic terminal, acetylcholine is loaded
into synaptic vesicle, G) synaptic cleft (general designation) or motor neuron end junction (motor neuron), H) muscle fiber;
figure adapted using Inkscape from Purves et al 2001.

Section 1.1



1.2 Neurosecretory Pathway

1.2.1 Neurosecretory vesicles

Neurosecretory vesicles, encompassing both large dense core vesicles (LDCV) and
electron-lucent synaptic vesicles (SV), are present in all neurons and have evolved to deliver
cargo, such as peptides and proteins, to the exterior of the cell. The secretory cargo proteins
contain an N-terminal leader sequence that warrant co-translational translocation of the nascent
protein into the rough endoplasmic reticulum. Additional sorting signal sequences target these
proteins into specialized vesicles. The proteins are then transported through the Golgi stack
ending in the trans-Golgi network (TGN) where the proteins are sorted into immature vesicles
which bud off the TGN. The membrane of the vesicle begins to pump protons into the lumen,
which reduces the intravesicular pH, concurrently maturing the neuropeptide molecules and
stabilizing the vesicle within the cytoplasm®®. The classical neurotransmitter is typically
synthesized in the axon and can enter and accumulate in the SV with the help of specific
transporter proteins. Peptide neurotransmitters, on the other hand, typically are derived from

prohormones which passed through the Golgi apparatus and are packaged in budding LDCVs?®.

While the transport through the Golgi to become a SV is not as well characterized as
that for the LDCV, some parallels and diversions in the trafficking of vesicle proteins through
the Golgi have been observed. In an experiment assessing the colocalization of two proteins
associated with the SV, VAChT and synaptophysin (Syp), and the LDCV associated protein
chromogranin A (CgA), the two synaptic vesicle proteins constantly and significantly
colocalized. On the other hand, the SV proteins only intermittently colocalized with CgA. For
example, both Syp and CgA were found to move through Golgin97-positive compartments of
the Golgi, whereas only Syp and VAChT, but not CgA, could be found in TGN46-positive
compartments of the Golgi, indicating the proteins for each vesicle type can be processed in
separate sub-compartments’. Once the vesicles bud from the TGN, the membrane and
secretory proteins remain associated with the vesicle for the lifetime of the cell*®. Classic
proteins that are found on the SV membrane, and are therefore markers for SVs, are involved
in neurotransmitter transport, membrane fusion and Ca?* signaling, such as VAChT, vesicle-
associated membrane protein (VAMP, aka synaptobrevin), and synaptotagmin, respectively?®.
LDCVs can contain multiple proteins, such as prohormones like proopiomelanocortin (POMC),

or Ca?* binders in the granin family such as CgA and secretogranin Il (Sgl1)2°2L,
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1.2.2 Membrane fusion

Classical neurotransmitters and neuropeptides can be released at separate timepoints,
even within the same cell, implying different mechanisms might play a role in the secretion of
each neurotransmitter type from their specific vesicle-type®. For example, it has been shown
in C. elegans that protein kinase C-1 is necessary for release of NLP-21 neuropeptide secretion
from LDCV in cholinergic motor neurons, while SV fusion can still occur in the absence of the
protein?2. Furthermore the release of SVs is very rapid after a single action potential, taking
only a few hundred microseconds, whereas the LDCVs require successive stimuli resulting in
a delay of release in the range of milliseconds?®. Despite the difference in conditions required
for fusion of either the SV or LDCV, both types of vesicle require the SNARE (soluble N-
ethylmaleimide-sensitive factor (NSF) attachment receptor) complex for fusion to the

presynaptic membrane and secretion of their contents into the synaptic cleft?,

SNARE protein complexes are made up of various isoforms of VAMP 1 and 2, syntaxin,
and synaptosomal-associated membrane protein (SNAP-25). These proteins selectively interact
with each another to form SNARE complexes, which are necessary for the fusion of the vesicle
to the presynaptic membrane?*. Also crucial for intracellular membrane fusion is the interaction
of the SNARE complex with Sec1/Munc18-like proteins?>%, Initiation of the fusion process
begins with the depolarization of the cell membrane, and the subsequent Ca?* influx and binding
to the calcium sensor synaptotagmin-1 (Sytl) (step 1 in Figure 4). The Munc18 protein then
binds to syntaxin-1, whose closed conformation normally blocks access to the protein’s SNARE
motif. Munc18 binding changes the conformation of syntaxin-1 to an open form, in which the
protein is actively available to other members of the SNARE protein family (step 2 in Figure
4). VAMP, a vesicular transmembrane protein, can then interact with syntaxin-1 and the
transmembrane protein SNAP-25, both of which are located on the plasma membrane. Munc18
remains associated with syntaxin-1, which is essential to the stability and function of the
SNARE complex (step 3 in Figure 4). The helical structures formed by the complex
progressively zipper together, forcing the membranes of the vesicle and synaptic terminal closer
and closer, eventually disrupting their hydrophilic surfaces and opening the fusion pore?’ (step
4 in Figure 4). The expansion of the fusion pore changes the conformation of the SNARE
complex, which has lost its potential energy and can only dissociate with the help of NSF (an

ATPase)?>?7, Endocytosis of the synaptic vesicle occurs and the cycle of fusion is complete.
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Figure 4: Simplified schematic of SNARE complex mediated vesicle fusion at presynaptic membrane. (1) A stimulus causes the
influx of Ca?* into the presynaptic terminal, Ca®* binds to the calcium sensor synaptotagmin-1. (2) Munc-18 binds to syntaxin-
1, changing it into an open conformation. (3) VAMP and SNAP-25 can interact with the open conformation of syntaxin-1,

forming the SNARE complex. (4) SNARE complex zippers together, forcing the fusion of the vesicular membrane and the
plasma membrane. Image created with Inkscape.

1.3 Botulinum Neurotoxins

1.3.1 Background

Botulinum Neurotoxins (BoNTS) are proteins produced by anaerobic bacteria of the
genus Clostridium (e.g. Clostridium botulinum) and are among the most noxious substances
known in the world. The lethal human dose by injection is approximately 1 ng/kg and by
ingestion is 1 pg/kg?®. The harmful effects of BoNT are caused by the toxin’s ability to enter

neurons where it cleaves members of the SNARE complex, resulting in the impairment of
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neurotransmitter release and signal propagation. While this action is entirely reversible, because
of the stability of certain forms of BoNT, the poisoning of the nerve cell and blockade of
neurotransmitter release can last for multiple months®®. Accidental exposure to the toxin
through various routes including ingestion, anaerobic wounds or inhalation can result in
botulism, causing paralysis by inhibiting acetylcholine release at peripheral nerve terminals.
All forms of botulism are characterized by descending paralysis starting with the ocular
muscles, then expanding through the facial muscles to the respiratory muscles, concluding in

respiratory failure®,

In the 1970s, a collaboration between Alan B. Scott, a surgeon at the Kettlewell Eye
Research Institute in San Francisco, and the research group of E. Schantz resulted in the
successful treatment with BoNT of induced strabismus in rhesus monkeys, leading to the
treatment of the visual disorder in human volunteers in the 1980s. The use of BONT was
considered to be optimal, given its effectiveness over many weeks, however it became obvious
that great care must be used to prepare the toxin for commercial use in humans®L. Close attention
must be paid to the purification process and the final dosage issued to patients. The application
of BoNT in medical and cosmetic fields has expanded considerably since the 1980s, treating
ailments in neurology as well as urology, pain reduction, and hyperhidrosis®*>. BoNTs used as
clinical formulations are manufactured by pharmaceutical companies. To this end, the bacteria
is fermented and the neurotoxin protein is isolated, for example by acid precipitation followed
by column chromatography®. While these techniques are highly regulated, it is necessary to
verify the activity, stability, and quality of the extracted neurotoxin to continue to safely utilize
the drugs in standard medical treatment.

1.3.2 Protein structure

BONT is synthesized as a 150 kDa inactive polypeptide chain composed of three
equisized 50 kDa domains. The toxin is activated by post-translational proteolysis, cleaving the
protein by clostridial or tissue proteases into light (LC — 50 kDa) and heavy chains (HC —
100 kDa), which are linked by a disulfide bond®*-¢ (Figure 5).

Light Chain

N-Terminal C Terminal
Heavy Chain  Heavy Chain
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Figure 5: Structure and processing of BONT - The single chain polypeptide is post-translationally cleaved by clostridial or
tissue proteases into a light chain and heavy chain, linked by a disulfide bond.

There are three main stages in the process of BoNT intoxication, each of which is
controlled by one of the domains on the light and heavy chains®®. The HC has two functional
domains controlling internalization and membrane translocation. The C-terminal domain (Hc)
determines the protein’s affinity and specificity for neurons by binding to ganglioside receptors
and surface membrane receptors, and therefore controls vesicular internalization of the toxin at
the neuromuscular junction of motor neurons. Once internalized in the presynaptic terminal,
the acidic milieu of the vesicle causes the N-terminal domain (Hn) to form a transmembrane
channel which is responsible for translocation of the endopeptidase encoded in the functional
domain of the LC from the vesicle into the cell cytosol. Upon reaching the reductant and neutral
pH of the cytosol, the disulfide bond is reduced and the endopeptidase is released®* . Standing
alone, the LC would act as an ordinary protease. The HC is essential to the extreme toxic effects
of BoNT, since it delivers the protease directly into the motor neurons to cleave the members
of the SNARE protein complex®’. Despite a similarity in structure, BoNTSs are diverse proteins,
consisting of at least seven different serotypes (BoNT/A to BoNT/G) and more than 40
subtypes®®. The serotypes range in sequence similarity between 37 — 69 %%, Despite their
differences, the common factor for each of these serotypes is their ability to target a specific
site in the SNARE protein family®,

1.3.3 Molecular mechanism

1.3.3.1 Binding and endocytosis

The first stage of BONT intoxication is the membrane binding and internalization of the
entire protein structure. Upon intake of the toxin in the body, BONT enters the lymphatic and
blood circulation, arriving at the perineuronal fluid compartment. BoNT binds with high
affinity to the presynaptic plasma membrane of skeletal and autonomic cholinergic nerve
terminals®. The process of internalization is quick, with most of the toxin likely being taken up
into the SV itself during vesicular endocytosis®. The dual receptor hypothesis postulates that
the Hc binds to a presynaptic polysialo-ganglioside (PSG) receptor and then to a protein
receptor (Figure 6). The gangliosides bind at the domain’s highly conserved ganglioside-
binding site.

Detailed information is still lacking for some of the BoNT serotypes, but the known

secondary protein receptors at the time are synaptotagmin (Syt), which binds the serotypes
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BoNT/B, DC, and G, and the glycosylated synaptic vesicle protein 2 (SV2), which binds the
serotypes BoNT/A, D, E, and possibly BoNT/F3%4°, The hypothesis that the internalization of
the BONT/A appears to be modulated by the SV2 is supported by the detection of 1-2 molecules
of BONT/A per synaptic vesicle, which matches the estimated copy number of SV2 molecules
per vesicle!®. The stimulation of the nerve increases the uptake and thus toxicity of BoNT,
which also indicates the toxin for treatment of hyperactive nerve terminals, increasing uptake

and effectiveness at these specific targets®.

Motor neuron axon terminal

Secondary
protein

receptor PSG receptor

He

i
\ Hy
LC

Figure 6: Illustration of BoNT internalization into motor neuron axon terminal by interaction of the C-terminal heavy chain
(Hc) with the polysialo-ganglioside (PSG) receptor and a secondary protein receptor during vesicular endocytosis. Cellular
elements are not drawn to size.

1.3.3.2 Exocytosiss/Membrane translocation

Upon re-internalization of the SV from the presynaptic membrane, the vesicle
automatically begins the recycling process to re-internalize neurotransmitters and prepare for
renewed exocytosis at the end junction. The most important step in this process for the BONT
protein is the reacidification of the vesicle (step 1 in Figure 7). Translocation of the LC from
the vesicle to the cytosol takes place once the lumen of the SV reaches between pH 4.5 - 6,
indicating that the SV must be mature for the toxin to reach its full proteolytic capacity®. The
reduced pH is thought to provoke a structural change in BoNT, increasing its hydrophobicity®.
Once the environment in the SV acidifies, the Hy domain can act as a chaperone for the LC to
move through the SV membrane, into the cytosol, at which point the toxin is rapidly reduced
(steps 2 and 3 in Figure 7). The two most likely possibilities for the translocation are the
formation of a conduction channel by the Hy or the toxin may form a “molten globule”, which
would interact with the hydrophobic luminal membrane and anionic lipids, and deliver the toxin
to the cell cytosol®. In either of these two options, the LC quickly translocates from the SV
lumen into the cell cytosol and its endopeptidase properties are activated®.
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Motor neuron axon terminal

2 3

Figure 7: Illustration of steps necessary for translocation of BoNT light chain from vesicular lumen into cytosol. 1) Endocytosis
of vesicle including BoNT from the presynaptic membrane, reacidification of vesicular lumen begins. 2) Vesicular lumen is
acidic (indicated by green colored lumen) and the N-terminal heavy chain domain forms a pore in the vesicle membrane. 3)
The light chain translocates from the vesicular lumen into the cytosol of the motor neuron axon terminal. The disulfide bond
connecting the light chain to the heavy chain is reduced and the light chain becomes an activated protease.

1.3.3.3 Cleavage and consequential neuroparalysis

In the process of normal neuronal signal propagation, the fusion event of the SV to the
presynaptic membrane results in the release of neurotransmitters into the synaptic cleft and the
propagation of the signal to the next neuron or muscle fiber. Upon activation and entry into the
cytosol of the motor neuron presynaptic terminal, the enzymatic domain of BoNT can cleave
and inactivate specific cellular proteins in the SNARE family, blocking neurotransmitter
release. In the presence of each of the BONT serotypes, a specific peptide sequence is
recognized and cleaved within the respective SNARE substrate. Each individual cleavage event
can prevent the formation of a stable neuroexocytosis apparatus. The resulting inhibition of
signal propagation results in botulism, a flaccid paralysis of the skeletal and autonomic nervous

systems®.

Each BoNT serotype targets a specific substrate, each a member of the SNARE family.
VAMP is an integral membrane protein of SVs and LDCVs and is subject to cleavage by
BoNT/B, D, F, and G. Syntaxin 1 and 2 are present in the presynaptic membrane of neurons
and subject to cleavage by BoNT/C. SNAP-25 is a highly conserved protein on the cytosolic
side of the neuronal membrane, which appears to interact with syntaxin to form a complex that
may act as a VAMP receptor. SNAP-25 is subject to cleavage by BoNT/A, C and E. Under
normal physiological circumstances a single isoform of each of the three proteins associate,
bringing the vesicle and presynaptic plasma membrane in close proximity, enabling membrane
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fusion. Upon exposure to BoNT the complex cannot be formed and neurotransmitter release is
blocked?*. The mechanism of BoNT entry into the motor neuron and cleavage of SNARE

proteins is summarized in Figure 8.

Motor neuron
axon terminal

(-) BONT (+) BoNT

Synaptic
vesicle

SNARE
complex

released acetylcholine I blocked release
contracted muscle fibers I paralyzed muscle fibers

Figure 8: Pathway summary of BoNT in the motor neuron. Normally functioning MN on left side (- BoNT), MN exposed to
BoNT on right side (+ BoNT). Figure adapted using Inkscape from Singh et al 2013.

1.3.4 Toxicity assessment
1.3.4.1 Replacement, Reduction, Refinement

The use of animals in the laboratory is varied and controversial. The purposes range
from drug or toxicity testing to the general advancement of knowledge*'. Important and useful

information can be obtained with the help of animal testing. However, the ethical issues and
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actual pertinence and transferability to humans have been questioned and discussed in the
scientific community for over 60 years. In 1959 Russell and Burch published their book The
Principles of Humane Experimental Technique, introducing the concept of the three Rs
(Replacement, Reduction, and Refinement) for the first time*2. Specifically, the three Rs
suggest the substitution of conscious animals for insentient material; the reduction in the
number of animals necessary for the information needed through improved and more concise
experimental design; and for those animals which are unavoidable to use, an improvement in

the inhumane procedures applied to them*L.
1.3.4.2 The mouse bioassay

The “gold standard” in BoNT potency testing

The traditional method for potency determination of BoNTs is the mouse bioassay
(MBA, also known as the mouse lethality assay) measuring LDso potency, also known as the
mouse lethality test, currently considered the “gold standard” in BoNT toxicity testing. A valid
MBA must contain a range of doses spanning from a 90 % death rate to a 90 % survival rate,
the precision of the test is dependent on the number of dilutions used and the number of animals
exposed to each dosage. The dosing generally causes respiratory failure because of the paralysis
of the respiratory muscles, and therefore extreme suffering on the part of the animals*. At
higher doses, mice can show symptoms of botulism within 8 hours, however at lower doses,
onset is much slower and animals must be observed for 4 days before establishing a negative

result**,

Despite the fact that this assay is well established and accepted by regulatory bodies, it
has its own problematic beyond the ethical concerns of animal testing. The assay can have a
large margin of error, involves large numbers of mice, and necessitates specialized animal
facilities and staff*. Furthermore, the reaction of mice to unique BoNT serotypes does not
always correspond 100 % to the human response, for example BoNT/B demonstrates a much
lower potency in humans than mice. It has been shown that the human SV protein receptor,
synaptotagmin-Il (Syt-II) contains an amino acid change which may impair BoNT/B’s
recognition of its high-affinity binding site in comparison to that of the mouse*. The induced
suffering of the creatures, the complications of working with them, and the natural differences
between animals decreases the applicability of the MBA and pinpoints the need for novel
alternatives to toxicity testing of BoNT in mice.

14
Section 1.3



1.3.4.3 The future of BONT potency testing

Due to the influence of the three R goals, both government and research entities are
motivated to develop alternative methods to accurately and precisely establish the potency of
BoONT lots. Furthermore, the problematic of inter-species variation increases the relevance of
establishing human specific cell-based assays. The development of alternative assays to the
MBA, competitive in their sensitivity to specific forms of BoNT, began as early as 1999, with
the in vitro assay for the detection of BONT/B with the help of a modified antibody enzyme-
linked immunoassay (ELISA) detecting cleavage products after exposure to the toxin*’. Since
then, a variety of tests have been developed, each with their own pros and cons. The newly
developed detection methods can be divided into following categories®: the in vivo MBA,
which can be improved by local injection methods, but which still uses animals and requires
specially trained personnel®; in vitro (cell-free) assays, such as the immunological detection
method ELISA, which can rapidly detect the presence of toxin but are generally unable to
distinguish between active and inactive forms, and endopeptidase assays measuring the
enzymatic activity of the LC, but which cannot distinguish between fully active holotoxin and
LC; invitro (in vivo simulation) assays such as cell-based assays using primary or immortalized
cell lines. Furthermore, ex vivo assays have been developed, which measure the contraction of
dissected indirectly stimulated muscle. See Table 1 for summary of assays used for BONT

potency testing.

Table 1: Summary of selected methods to assess BONT toxicity.

Category Test method BONT serotype = Detection method
L . % hyxiati ival
in vivo Mouse bioassay all 90% asphyxiation / surviva
rate
) measuring contraction
) M Ph N . o
ex vivo ouse Fhrenic Terve BoNT/A,B,E*®  amplitude of indirectly

Hemidiaphragm Assay stimulated muscle

hiPSC-derived neurons BONT/A%S05L | SNAP-25 ELISA / WB
Primary rat spinal cord assay BoNT/A,B,E®? | Western blot
i itro (i PC12 cells BoNT/A E®® FRET - GFP/RFP transfected
in vitro (in
vivo ( NG108-15 Neuronal / S16 BONT/A% SNAP-25 cleavage in
simulation) Schwann cell coculture western blot
co-release of transfected
ﬁL’;AA neuroblastoma cell all BONTSs? luciferase from LDCVs upon
stimulation
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Nano-Glo ELISA treated
SIMA neuroblastoma cell BoNT/BS VAMP-GFP modified cell
line sample added to attached
cleaved antibodies
mouse embryonic stem cell-
derived neurons cultured on | BoNT/A%® spontaneous network bursts
multi-electrode arrays

BoNT/BY, , _
ELISA BoNT/AS antibody recognizes cleaved
- BONT/A,B,E,Fs¢  120¢t
in vitro _ -
(cell-free) | Mass spectrometry BoNT/A.B.EF# endopeptidase activity by

detecting cleavage products

antibody recognizes cleaved
target

Endopeptidase assay BoNT/A,B%

These in vitro (cell-free) methods are a large step forward in the assessment of the full
biological activity of BONT, however, they are all hindered by the inflexible characteristic that
they only detect one specific serotype of BoNT, since they measure the accumulation of the
cleavage product of that specific BONT serotype. The in vitro (in vivo simulation) assays are
those with the greatest potential to provide the most reliable and complete potency estimations.
These are capable of incorporating all steps of the intoxication process: the uptake of the full-
length protein in the motor neuron endplate, the vesicle formation, the transduction of the LC
from the vesicle into the cell cytosol, and finally, cleavage of the appropriate SNARE protein.
Only if all these factors are considered is it truly possible to make an accurate statement about

the full activity of the BoNT.

There are several assays which have been developed using neuronal or immortalized
cell lines, one example, the SIMA Random_Insertion-hPOMC1-26GLuc prototype? upon
which this project is based, measures the actual endpoint of the functional neuron: the release
of neurosecretory vesicles from the presynaptic terminal. This secretion normally takes place
under stimulated conditions, however, if any members of the SNARE proteins are exposed to
and cleaved by any BoONT serotype, the neurosecretory vesicle release will be inhibited.
Therefore this assay has the great advantage that it should be able to flexibly measure the
outcome of exposure to any of the seven main BoNT serotypes. This overall inhibition is
measured by the decrease of Gaussia luciferase co-released with neurotransmitters into the
supernatant surrounding the SIMA cells?. The drawbacks of this assay include the fact that the
cells are not the perfect natural target of BONT, since they are an immortalized neuroblastoma
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cell line as opposed to cholinergic motor neurons. Furthermore, they have been transfected with
a method that inserts the reporter gene into the genome in a non-targeted and uncontrollable
manner, which could result in either an insertion of the donor DNA in a gene that is important

for normal cell function or in multiple insertions of the donor DNA throughout the genome.

1.4 Induced Pluripotent Stem Cells

The first multipotent stem cells derived from bone marrow cells were identified in
1961 followed by the discovery of pluripotent cells in early mouse embryos 20 years later®?.
Researchers determined that these cells retained their ability to develop into a variety of germ
layers, and could furthermore maintain the stem cells in vitro on feeder cell lines. Taking
advantage of site-directed mutagenesis in the embryotic stems cells, it was possible to generate
mouse models with a particular phenotype, for example to model human disease. The first
human embryonic stem cells were generated from blastocytes and could be maintained in an
undifferentiated state for months in cell culture®%3, The concept of pluripotency was at the
forefront of the biological field and soon researchers began experimenting with various
transcription factors which might potentially play a role in stem cell pluripotency.

In 2006 the group of Shina Yamanaka narrowed down four transcription factors which
were found to be necessary and sufficient to revert mouse embryonic fibroblasts to a pluripotent
state®®. This discovery opened the doors to the development and use of induced pluripotent stem
cells (iPSC), making stem cell research ethically viable and more technically accessible. It was
no longer necessary to obtain stem cells from an embryo, which had been of ethical concern.
The method to induce the pluripotent state was also relatively simple, involving protocols using
small molecules, microRNAs, and combinations of reprogramming factors. The technology
opened the doors to potential treatment using patient-specific cells as well as a powerful method
to model disease, which could be more accurately and easily achieved with the right genetic

editing tools®®.

1.5 A short history of genetic manipulation

Genetically modified cell lines and animals have been used for decades to advance
scientific knowledge by making specific modifications to the genome of the model of interest.
Already in the 1960s it was shown that viral DNA could be stably integrated into target cells.
Using a calcium phosphate transfection method in the 1970s, researchers could modify
approximately 1 in 100,000 cells®®. Since then genetic engineering technologies have improved
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immensely both in efficiency and precision. The idea that the integration events occurring
during the transfections could be due to homology-directed recombination (HDR) was
introduced in the early 1980s, suggesting that targeted insertions of donor DNA into a specific
genomic locus might be possible®”. In 1985 the insertion of a DNA insert into the human p-
globin locus was achieved by electroporation in 1 out of 1000 cells®®. Genetic editing was
becoming more precise, with a higher frequency of successful events.

In order to specifically target a genomic locus for manipulation it is necessary to
instigate a double-stranded break (DSB) at the point of interest with a nuclease. The natural
DNA repair mechanisms of non-homologous end-joining (NHEJ) and HDR can then be
exploited to either insert a donor DNA sequence, cause a mutation, or remove a segment of
genomic DNA. The progress towards development of site-directed mutagenesis tools also got
off to an inefficient start. However, specialized systems such as meganucleases, zinc finger
nucleases (ZFNs), and transcription activator-like effector nucleases (TALENS) have been
developed, which have improved the possibilities of genetic manipulation. These systems vary,

however, in cost and ease of production®?.

1.5.1 CRISPR/Cas9 technology

In 2012 the CRISPR/Cas (cluster, regularly interspaced, short palindromic
repeats/CRISPR-associated) method was introduced to great acclaim, winning the discoverers
of the system, Emmanuelle Charpentier and Jennifer A. Doudna, the Nobel Prize in Chemistry
in 2020. The technology takes advantage of the natural immune mechanism of many bacteria
against viruses and other foreign nucleic acids by which the foreign DNA is specifically
detected and silenced by small RNAs produced within the host. As the name suggests, this
system is made up of two parts. The CRISPR domain contains a sequence specific to the
invading DNA (protospacers) inserted into a cluster of short repetitive sequences in the host’s
genetic makeup. The cas genes encode endonucleases, which can be directed by elements of
the CRISPR domain to cut at a specific protospacer target, the foreign DNA in the case of the
immune response®. In its application as a tool in genetic editing, an active endonuclease (Cas9)
can be directed to a specific site in the genome to induce a double strand break (DSB) at that
point. The active components of the system are’® (illustrated in Figure 9):

A. The Cas9 enzyme: the endonuclease responsible for cutting the gDNA.

18
Section 1.5



B. The crRNA array: encoding the guide RNA and the transactivating crRNA
(tracrRNA). These are commonly fused together to create a single-guide RNA
(sgRNA), the 20 nucleotide guide sequence directs the Cas9 to the gDNA target.

C. The protospacer: in the microbial immune system this is the exogenous DNA target,
in the context of genetic editing this is a 20-nt sequence of the target gDNA where
the DSB will be induced.

D. The protospacer adjacent motif (PAM): a sequence associated with the protospacer,
which is specific to unique Cas9 orthologs and assists in the direction of the sgRNA
to the protospacer sequence.

B
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Figure 9: Components of the CRISPR/Cas9 genomic editing system. (A) Cas9 Endonuclease, (B) crRNA array aka sgRNA, (C)
protospacer, (D) PAM, (E) target DNA, (F) target DNA with double strand break.

Cas9 is directed to a specific site in the target gDNA by an sgRNA, which is recognized
by the matching Watson-Crick base pairing of the sgRNA to the protospacer sequence of the
gDNA. The Cas9 endonuclease induces a DSB at this site in the target gDNA. After a DSB
occurs, the cell’s natural DNA repair mechanisms kick in, which can be taken advantage of in
order to genetically modify the cell in a controlled way. The two major DNA repair mechanisms
are homology-directed recombination and non-homologous end joining (Figure 10). The high
fidelity mechanism of HDR can be utilized to cleanly insert modifications into gDNA with the
help of a repair template consisting of the donor DNA surrounded by homology arms (HA)
pertaining to either side of the DSB. NHEJ is an error-prone mechanism in which each end of
the DSB are ligated back together, often producing mutations which could lead to a

dysfunctional protein or a premature stop codon’®.
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Figure 10: Graphic representation of DNA repair mechanisms HDR and NHEJ. Adapted using Inkscape from Ran et al 2013.

1.5.2 Genomic safe harbors

CRISPR/Cas enables researchers to manipulate gDNA at specific loci, allowing the
manipulation of specific genes of interest. The question remains, however, how to incorporate
external donor DNA into an organism’s gDNA without disrupting other genes necessary for
normal cellular function. To solve this problem, loci called “genomic safe harbors” (GSH) have
been proposed. GSHs can possibly be located in non-essential genes, intragenic sites within
gene-rich areas, or extragenic sites. No GSH has been completely validated, but there are
currently three candidate safe harbors which have already been tested for targeted donor

insertions’!:

1. AAVSL: The adeno-associated virus site 1 is located on chromosome 19 in the
PPP1R12C gene. It is site of repeated AAV integration in infected human cell lines in
vitro. High expression of transgenes could be observed in iPSCs in all three embryonic
germ layers post-differentiation and no abnormalities were observed in those cells with
genetic manipulations at this site.

2. CCRS5: The chemokine (CC motif) receptor 5 is located on chromosome 3 and is a major
co-receptor for HIV-1. Disruption at this site in the form of a naturally occurring
mutation confers HIV resistance, but is not associated with any other major pathology.
Reporter genes integrated into this site display lower expression levels than those
integrated in the AAVSL1 site.

3. Human ROSA26: Human orthologue of the mouse ROSA26 locus is located on
chromosome 3. Expression of reporter genes integrated at this site remains after
differentiation in all three germ layers, however few studies have confirmed the safety
or utility of this locus.
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1.5.3 CRISPR/Cas and iPSCs — a revolution in genetic research

An initial challenge faced in the use of human pluripotent stem cells (hPSCs) in research
was the unexpected difficulty in genetically modifying the cells, especially in comparison to
previously developed modification protocols using mouse embryonic stem cells which were
easier to implement. Protocols to modify hPSCs were developed, but were very time consuming
and inefficient, hindered even further by low single-cell survival rates. However, many
advances have been made in the field. The incorporation of Rho-kinase inhibitor when splitting
the cells in culture greatly increases the survival rate of manipulated cells. Site-specific
nucleases have transformed the ability to use homology-directed recombination to efficiently
modify genomic regions®®. The potential application of accurate and precise targeted genome
editing in pluripotent human cells has opened many doors analyze and possibly treat genetic

disorders.

1.6 Goals and Strategies

The iPSC line IMR90-4 is used as the target of the CRISPR-mediated genetic
engineering to prepare the MoN-Light BoNT assay. The aim of the modifications is to integrate
a selection of constructs containing the genetic sequence for the Gaussia luciferase reporter
protein associated with targeting sequences for LDCVs and SVs into the AAVS1 safe harbor.
To attain this goal, a series of plasmids must be prepared for a CRISPR/Cas9 double-
transfection, providing the Cas9 endonuclease and the sgRNA guide for the double-strand
break, and the homology arms and donor DNA template for the homology-directed
recombination. Post-transfection, cells in which the HDR has taken place and which have
incorporated the donor DNA are selected for their consequential antibiotic resistance. The
resulting clones must be fully characterized before subjecting them to the time and resource

intensive differentiation into motor neurons and implementation of the luciferase release assay.

As previously alluded, the most important aspects of the clones to verify are the
successful execution of the CRISPR/Cas9 genetic modification through analysis of donor DNA
integration in the gDNA, and confirmation of the correct sorting pattern of GLuc into
neurosecretory vesicles. A selection of techniques that can be applicable for the clone validation
are explained in detail in the following sections. The methods that can be used to validate the
modification of the cells fall into two categories. First, providing evidence that the donor DNA
is integrated into the AAVS1 safe harbor locus. Second, verifying that the donor DNA is not

integrated into any off-target genomic loci. The correct insertion of the donor DNA can be
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analyzed with a basic PCR, amplifying the region surrounding the AAVS1 safe harbor locus
and visualizing the resulting products on an agarose gel. There are several possible methods to
evaluate the possibility of off-target donor DNA integrations. First, the long-standing Southern
blot can be utilized to identify segments of digested DNA that include a specific sequence of
interest. Second, the ligation-mediated PCR can be designed to amplify unknown regions of
gDNA containing the donor DNA by using adapters ligated to digested gDNA ends and a
known part of the insert sequence. Finally the copy number of a particular sequence in gDNA
can be analyzed with gPCR. The localization of GLuc in the clones can be analyzed with
differential centrifugation, separating cellular elements with increasing centrifugation
velocities, or immunofluorescence, tagging specific proteins in cells with fluorescent markers.
Only after all of these clonal attributes have been characterized is the evaluation of the clones
in the MoN-Light BoNT assay justified.

1.6.1 Creation of plasmids for CRISPR mediated genetic modifications

The eSpCas9(1.1) plasmid’ contributes the sequences necessary to both encode the
enhanced Cas9 protein, the nuclease which initiates the double strand break at a specific point
in the gDNA, and to encode the sgRNA, which directs the Cas9 to that specific point. The aim
of this project is to incorporate a donor DNA sequence into the AAVSL1 safe harbor locus,
therefore the sgRNA sequence for the well-described T2 site at the AAVSL1 safe harbor locus
can be used”®. The second plasmid necessary in the co-transfection using the CRISPR/Cas9
genetic editing method is the pAAVS1-P-MCS donor plasmid™. This plasmid contains two
homology arms, pertaining to the 5” (“left”) and 3’ (“right”) sides of the AAVS1-T2 safe harbor
locus. After the Cas9 nuclease makes the double stranded break, the innate DNA repair tool,
homology-directed recombination, can match the homology arms found in the plasmid to the
gDNA and can use the plasmid as a repair template resulting in the transfer of the DNA
sequence between the homology arms into the gDNA (see Figure 9). The plasmid’s designation
as a “donor” originates from these events. In the pAAVS1-P-MCS plasmid, between the left
and right homology arms, there is a sequence encoding puromycin antibiotic resistance, as well
as a multiple cloning site into which sequence(s) of interest can be cloned. The sequences of
interest in this project are the Ef1-HTLV promoter expressing a fusion of the sequence encoding
the Gaussia luciferase enzyme and a selection of specific signal peptides which should guide
the transport of GLuc into neurosecretory vesicles. The preparation of the plasmids to

incorporate the appropriate sequences specific to this project can be completed with standard
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PCR of established and novel GLuc constructs and cloning into the vectors described above.
Due to the potential incorporation of mutations into the sequence during PCR and the
importance of directionality of the promoter and all following sequences, each newly

incorporated sequence in the vector should be verified by Sanger sequencing.

The origin of this project is to use the SIMA Random_Insertion-hPOMC1-26GLuc
prototype assay as the groundwork for the MoN-Light BoNT assay development, specifically
using the hPOMC signal tag fused with GLuc as the construct to deliver GLuc to large dense
core vesicles. However, in order to broaden the probability of identifying a clone which both
successfully passes the characterization criteria and can release luciferase from differentiated
motor neurons, additional constructs should be prepared with various signal peptides/sorting
proteins in order to have a more diverse selection of clones. Some of the plasmid constructs can
be reutilized from the previous optimization of the SIMA Random_lInsertion-hPOMC1-
26GLuc prototype, using signal peptides directing towards the LDCVs (designated hPOMC-
GLuc, CgA-GLuc, and Sgll-GLuc). Furthermore a construct can be designed using VAMP2 to
direct GLuc to SVs (VAMP2-GLuc) as well as one with no sorting tag associated with GLuc
(no tag Gluc) as a negative control to more precisely characterize the clones. A summary of the
expected GLuc localization upon transfection with the previously described plasmid constructs
is found in Figure 11. The constructs made with sorting tags for hPOMC, CgA, and Sgll should
express GLuc in the lumen of large dense core vesicles (left panel). The constructs made of a
fusion of VAMP2 and GLuc, attached together by a TEV protease recognition sequence, should
express GLuc in the lumen of the synaptic vesicle, fused to the vesicular membrane (middle
panel). The constructs made with the no tag GLuc should express GLuc overall in the cell (right

panel).

Expected GLuc localization according to respective sorting tag:
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Figure 11: Summary of expected GLuc localization (depicted in varying shades of red) for each construct. A: nucleus, B:
endoplasmic reticulum, C: Golgi apparatus, D: sprouting vesicle, E: cytosol.
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1.6.1.1 no tag GLuc negative control

The GLuc construct with no sorting tag is included in this project as a characterization
control and as verification of the specificity of luciferase release. The lack of a signal peptide
means that the GLuc should be found in the cytosol of the cells, whereas all other tagged GLuc
clones should sort the reporter enzyme through the ER and Golgi apparatus into LDCVs or
SVs.

1.6.1.2 Summary of large dense core vesicle constructs

The hPOMC-GLuc signal peptide is the sequence encoding for amino acids 1-26 of the
human proopiomelanocortin protein. The sorting signal designated as CgA contains a section
of the 5’UTR and beginning of the CHGA genetic sequence. The Sgll sorting sequence is
designed analogous to CgA, consisting of the 5’UTR and beginning of the SCG2 genetic
sequence. The sorting signals directing towards the LDCVs were previously elucidated?. The
luciferase release assay can theoretically be carried out with all of these constructs with the
same protocol described for the Random_Insertion-hPOMC1-26GLuc prototype whereby cells
are exposed to control and depolarization buffers and upon cellular depolarization the LDCV
fuses to the presynaptic plasma membrane and releases neuropeptides and GLuc in parallel
(Figure 12). The supernatant can be collected and GLuc can be measured by its reaction with
the substrate coelenterazine, which undergoes oxidative decarboxylation, producing

coelenteramide, CO2 and light®.

The prototype assay with the Random_Insertion-hPOMC1-26GLuc clone took
advantage of the characteristic of immortal cell lines isolated from neuroblastomas in that they
retain the ability to undergo differentiation from the neural crest cells into neural elements with
specific phenotypes, depending on the cell line and conditions in which it is held’®, and
therefore also retain the ability to exocytose neurosecretory vesicles upon stimulation.
Neuroblastoma cell lines have been shown to produce two types of secretory vesicles, including
large dense core vesicles’’. Furthermore, despite the evidence that different stimuli can result
in the release of different vesicle types, it has been shown that the exposure to high K* levels
in neuroblastoma cell lines can stimulate a depolarization strong enough to induce LDCV
exocytosis’®. Supporting this evidence, the Random_Insertion-hPOMC1-26GLuc clone can
easily be depolarized in the K*-HBS buffer?. There is a potential, however, that the motor

neurons will not respond to stimuli in vitro in the same way as the SIMA cells, as discussed in
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the section on Membrane fusion (1.2.2). The differentiated cells might only release SVs in
response to the K*-HBS buffer, while the LDCVs might remain in the end terminal until a more
appropriate stimulus arrives. One physiological explanation for the delayed release time for
LDCVs, is that post-exocytosis, the vesicles must return to the Golgi complex for their
membranes to be reused and to be repackaged with their neuropeptide contents’. Therefore, it
may be that the contents of the LDCVs are reserved for reactions to higher stimuli because of
the energy and time required to recycle and repackage their contents. On the other hand,
neurotransmitters can be quickly repackaged in SVs directly at the presynaptic terminal’®8,
Therefore LDCV recycling is quite slow in comparison to that of SVs, which might be
detrimental to the application of the LDCV GLuc constructs in the MNs differentiated from the
iPSCs.
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Figure 12: Schematic of luciferase release from presynaptic terminal.
1.6.1.3 Examination of VAMP2-GLuc construct and modifications to release protocol

In order to overcome the potential obstacles presented by the packaging of GLuc in
LDCVs, a construct should be designed to produce clones which are able to sort GLuc into
SVs. The neuropeptides transported by LDCVs are already associated with the vesicle from the
Golgi complex budding, ready for transport to the presynaptic terminal*>81%2, therefore it is
simple to take advantage the sorting domains of the neuropeptides to direct GLuc to the
appropriate vesicle. The SV, on the other hand, is not immediately filled with cargo at the Golgi

complex, but rather is packaged with neurotransmitters by active transport from the cytosol at
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the presynaptic terminal®?. Therefore the proteins associated with the SV are not being
transported in the lumen, but rather are associated with the plasma membrane of the vesicle®,
For this reason, it is necessary to design the synaptic vesicle construct with GLuc fused to the
C-terminus of one of the transmembrane proteins found on the synaptic vesicle. Furthermore,
in order to have GLuc associated specifically with the SV, the C-terminus and thus GLuc should
be found in the SV lumen. There is only one known SV transmembrane protein fitting this
criterion and that is VAMP8,

The plasmid, which will be created to direct GLuc to the SV, is devised to express a
fusion protein of VAMP2 and GLuc. GLuc is fused to the C-terminus of VAMP2, a
transmembrane protein that extends into the SV lumen. This construct creates a separate
problematic, for which a strategy must be developed to free the fused GLuc from VAMP2. The
approach to be tested is to fuse the two proteins together with a linker sequence consisting of
the recognition sequence of the TEV (Tobacco Etch Virus) protease®®. Theoretically, the
luciferase release in VAMP2-GLuc cells cannot simply be measured by exposing the cells to
depolarization buffer and collecting the cellular supernatant as described for the LDCV system.
The GLuc protein is fused to the SV membrane with a segment of sequence coding for a TEV
protease recognition element and must therefore be exposed to TEV protease to release the

GLuc from the vesicular membrane into the supernatant.

The construct and the steps hypothetically necessary to release GLuc are illustrated in
Figure 13. (1) The GLuc protein (red) is fused to the C-terminal of VAMP2 (blue), ensuring its
location in the lumen of the synaptic vesicle, which itself is located in the presynaptic terminal
of the motor neuron. (2) A stimulus instigates the fusion of the SV to the plasma membrane at
the synapse, exposing the GLuc protein and the TEV protease recognition element to the
solution surrounding the cell. The TEV protease (purple) in the solution now has access to its
recognition element, theoretically enabling the enzyme to cleave GLuc from VAMP2. (3) The
TEV protease has cleaved the fusion protein, and GLuc is now freely circulating in the solution
surrounding the cell. (4) This solution can be collected and the activity of the free GLuc can be

measured (red thunderbolt).
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Figure 13: Schematic of the cleavage of GLuc from the VAMP2 fusion protein by the TEV protease upon fusion of the SV with
the plasma membrane. Created with Inkscape. (1) SV in the presynaptic terminal with the transmembrane VAMP2 protein
(blue) fused by a TEV protease recognition sequence to the GLuc protein (red) in the SV lumen; (2) Fusion event takes place,
exposing GLuc (red) to TEV protease (purple); (3) TEV protease has cleaved the fusion protein at its recognition sequence,
releasing GLuc into the supernatant; (4) GLuc activity (red thunderbolt) can be measured in supernatant.

The construct directing GLuc to the SV could potentially greatly increase the
physiological relevance of the MoN-Light BONT assay, since the inhibition of
neurotransmission from the SV caused by exposure to BoNT could be directly assessed instead
of being measured in parallel by GLuc release from the LDCV. Despite this beneficial feature,
the construct inherently contains potential obstacles to overcome. First the Gaussia luciferase
protein is 19.9 kDa®, while the VAMP2 protein is only 13 kDa?*, so the fusion of the larger
GLuc protein could disrupt the proper sorting of VAMP2. Furthermore, the C-terminus of
VAMP2 only contains two amino acids in the vesicular lumen®’, which could make it difficult
for the remaining 176 amino acids of the GLuc protein and TEV linker sequence to be fully
internalized in the SV lumen. Finally, if the protein is successfully translated and sorted to the
SV membrane, for the newly designed luciferase release assay to function correctly, the TEV
protease needs to have enough time to access and cut the recognition site upon SV fusion to the

plasma membrane.

1.6.2 Explanation of characterization techniques

After the iPS cell line IMR90-4 has been transfected with the double plasmid
CRISPR/Cas9 system described above, clones expressing puromycin resistance will be selected
and expanded, and the characterization to confirm the precision of the CRISPR editing and the

correct GLuc protein localization can begin.

1.6.2.1 Insert confirmation

The first important step in the validation of the CRISPR/Cas9 genetic editing method is

to confirm that the donor DNA between the two homology arms in the plasmid has been
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correctly incorporated into the AAVS1 safe harbor locus of the transfected cells. This can
theoretically be achieved by the amplification by PCR of the region flanking the AAVS1
homology arms and the double strand break point, which can be visualized on an agarose gel.
In DNA unaffected by the double strand break, an amplicon of known size corresponding to
the WT gDNA should be visible. If the donor DNA is successfully inserted between the HAs,
the resulting amplicon should increase by the sequence length of the donor DNA. If the donor
DNA has only been incorporated into one allele, both the WT and the insert amplicons should
be visible on the gel, whereas an incorporation into both alleles should result in only a single
amplicon corresponding to the DNA containing the donor DNA. To be completely certain that
this amplicon pertains to the correct genomic locus, the product can be excised from the gel and
Sanger sequenced. This method can also be used to exclude any possible mutations incorporated
into the sequence during the homology-directed recombination. The amplification region and

expected results of the PCR are illustrated in Figure 14.
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Figure 14: Schematic of insert confirmation PCR of donor DNA at AAVS1 safe harbor locus.
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1.6.2.2 Exclusion of off-target integrations

The second important factor in the validation and characterization of the genetically
modified clones is to confirm that the integration of the donor DNA into the genome only
occurred a single time, at the AAVSL1 safe harbor locus, with no off-target events. Several
different methods can be useful in the examination of this validation step:

e Southern blot
e Ligation-mediated PCR
e Copy number analysis with gPCR

Southern blot is a standard method to label DNA fragments of various sizes with either
radioactive probes or probes labeled with digitonin or streptavidin. The method is carried out
by digesting a large quantity of gDNA with a restriction enzyme that tends to cut frequently in
the genome. The digested gDNA is run very slowly on an agarose gel to maximize the spread
of the DNA fragments, the gDNA is transferred to an appropriate membrane and then
hybridized with a probe to detect the DNA sequence of interest®. Since the correct insert is
known to have occurred at the AAVS1 safe harbor locus, the restriction enzyme recognition
sites surrounding this area can be identified and the expected size of the digested gDNA
including the donor DNA can be calculated. In the case of a single correct insertion, only a band
at this expected size should be visualized by the hybridized probe. In the case of multiple off-
target integrations, the correct band should be visible, as well as other bands at various sizes
(see Figure 15 for summary of expected results). Southern blot is a traditional, and therefore
well-accepted, method to investigate the presence of genetic sequences in a sample®®. The
advantages of the system include its flexibility, whereby the probe hybridization and wash
conditions can be easily modified to reinforce the binding and therefore the visualization of the
DNA fragment of interest. On the other hand, the method is limited by its lack of sensitivity in

the detection of single copies of DNA sequences.

Ligation-mediated PCR is a method that can be used to amplify unknown flanking
sequences surrounding DNA that has been randomly inserted into the genome. The method
consists of four steps® beginning similarly to the Southern blot, with the restriction enzyme
digest of the gDNA. The digested DNA fragments are then ligated to adapter oligonucleotides
which have been designed to include the complementary overhangs corresponding to the
restriction enzyme used for the digest. This ligated DNA library can be used as a template for
a PCR reaction in which the primers consist of a known sequence corresponding to the donor

DNA and the sequence of the ligated adapter. The amplified fragments can be visualized on an
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agarose gel and sequenced to match the flanking genomic sequence to the off-target insertion
site in the gDNA (see Figure 15 for summary of expected results). The ligation-mediated PCR
helpfully eliminates the need to know the entire sequence of a proposed amplicon. However,
the method is prone to yield false negative results because of suboptimal PCR conditions to

amplify amplicons of greatly varying size and GC content.

Double control quantitative copy number PCR (dc-qcnPCR) is a new method to
quantify elements in the gDNA by normalizing the quantitative amplification of a sequence of
unknown copy number to the amplification of a known copy number of autosomal and ChrX
genes by gPCR. The sequences of GLuc, the autosomal gene, and the ChrX gene are all
amplified from the gDNA of the sample, the gDNA from male and female controls, as well as
from a single plasmid which includes all the same sequences. Any differences in primer
efficiency or in sample concentrations can be corrected with standardization to the Ct values of
the plasmid amplification. Next, the normalized amplification values within each sample in
question can be used to calculate the n-fold change in copy number between GLuc, the
autosomal gene, and the ChrX gene (Figure 15). While this newly developed technique is
initially limited by the necessity to prepare a plasmid with all appropriate control and sequences
of interest, once the control plasmid has been prepared the method can be quickly and easily
applied to determine the copy number of the sequence of interest. This technique was used to
characterize potential off-target integrations of the donor DNA in all clones isolated in this

project.
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Figure 15: Schematic of methods tested to identify clones with off-target donor DNA integrations. Method 1: Southern blot,
digested gDNA is separated by size on an agarose gel and transferred onto a membrane to visualize sequences corresponding
to the donor DNA. Method 2: Ligation-mediated PCR, digested gDNA is ligated to oligonucleotide adapters (1) which can be
used to amplify (2) unknown DNA segments with a matching primer unique to the donor DNA. These amplicons can be excised
from the gel and sequenced to identify the specific on or off target genomic location (3). Method 3: dc-qcnPCR, sequences
corresponding to GLuc, an autosomal gene, and an ChrX gene are amplified in gDNA and a control plasmid and copy number
of the donor DNA and ChrX gene in male/female DNA is calculated by comparison of Ct values to autosomal control gene.
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1.6.2.3 Cellular localization of GLuc protein

The third and most important factor in the validation of the genetically modified clones,
after confirming the donor DNA has been integrated in one single locus, is to confirm that the
clones are successfully sorting GLuc into secretory vesicles. Two different methods are
appropriate to determine the localization of the reporter protein. The first method is differential
fractionation®-%2, whereby cells are homogenized to make a solution of cellular components
and proteins and then centrifuged at increasing velocities to separate the cellular components
into specific subcellular fractions. After the first centrifugation step, the pellet contains nuclear
elements, after the second centrifugation step the pellet contains cytosolic elements, and after
the last centrifugation step the pellet contains the vesicular/membrane portions of the cell. Each
resuspended pellet can be measured for luciferase activity and the localization of luciferase can
be deduced (see Figure 16 for illustration of the method). This technique requires a precise
degree of homogenization in order to cause the disruption of the cellular membrane, while
leaving all other cellular components intact, necessitating an intensive optimization step. The
second method is immunofluorescence®-%, in which the clones are incubated with antibodies
that bind to the GLuc, the Golgi apparatus, or the neurosecretory vesicle-associated proteins.
These bound antibodies are then visualized through secondary antibodies with fluorescent tags.
A series of images can be taken through the cell with a fluorescent microscope and the
colocalization of fluorescent voxels, representing the location of specific proteins, can be
calculated. Thereby tracking the colocalization of GLuc with the key vesicular sorting pathway
organelle, the Golgi apparatus, as well as with other proteins known to localize to LDCVs and
SVs (see Figure 16 for illustration of the method). While this method also requires multiple
optimization steps in order to determine specific and accurate protein staining, it has the
advantage that it allows a more precise visualization and measurement of proteins at a particular
timepoint in an intact cell. Immunofluorescence was used to determine the cellular localization

of GLuc in the clones prepared for the MoN-Light BONT assay.
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Verification of GLuc localization in clones
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Figure 16: Schematic of methods to verify GLuc protein localization in clones. A = nucleus, B = endoplasmic reticulum,
C = Golgi apparatus, D = sprouting vesicle, E = cytosol. Method 1: Differential centrifugation, a series of centrifugation steps
separates the nuclear, cytosolic, and membrane fractions. Luciferase activity (red thunderbolt) can be measured to identify
cellular location. The no tag GLuc clone is expected to mainly be associated with the cytoplasm, while the remaining clones
should all be associated with the final membrane fraction. Method 2: Immunofluorescence, antibodies specific to the proteins
of interest (GLuc and Golgi/vesicle markers) are incubated with fixed and permeabilized cells. Secondary antibodies with
fluorescent tags bind to the primary antibodies, which can be visualized with a fluorescent microscope.

Once the clones have been characterized and are proven to have passed each checkpoint,
which theoretically strengthens the applicability and functionality of this assay in comparison
to the Random_Insertion-hPOMC1-26GLuc prototype, they can be included as a possible
candidate for the MoN-Light BoNT assay. The clones can be differentiated into motor neurons

and the process of optimization of the luciferase release assay itself can begin.

1.6.3 Luciferase release assay description

The basic protocol for the luciferase release assay is relatively simple. The cells are
distributed in 96-well plates and allowed to complete their differentiation into the appropriate
cell type. Once the cells are mature, they are exposed to either control (Na*-HBS) or
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depolarization (K*-HBS) buffers. A certain amount of luciferase is spontaneously released into
the buffer surrounding the cells, this activity is measured in the control. The depolarization
buffer causes a Ca?* influx and therefore the signal for the vesicles to fuse to the presynaptic
membrane with the help of the SNARE complex, thereby releasing neurotransmitters and
luciferase into the surrounding buffer. The luciferase activity in the depolarization buffer is
significantly higher than that in the control buffer (panel A, Figure 17). In order to prove that
the increase of luciferase activity after exposure to depolarization buffer is a response to the
Ca?* influx and not to irrelevant cellular reactions, the calcium chelator EGTA is added to the
control and stimulation buffers, sequestering Ca*? before it can enter the cells?%. The exposure
of the cells to the buffers containing EGTA should result in the detection of luciferase activities
around the levels, if not lower, of the control buffer (panel B, Figure 17). These first two
experiments are done in order to validate that the cell line is worth testing with botulinum
neurotoxin, since use of the toxin should be limited to evaluating worthwhile functional assays.
Once it has been established that luciferase activity increases upon cellular depolarization, and
is inhibited to control levels upon exposure to EGTA, the cells can be tested with BoNT. For
the MoN-Light BoNT assay, the cells are exposed to BoNT for 48 hours. During this time, the
toxin should have cleaved its specific target, leaving behind dysfunctional SNARE complexes.
The cells are subsequently exposed to the control and depolarization buffers. While the
depolarization buffer should still provoke an influx of Ca?*, the vesicles are unable to fuse to
the presynaptic membrane and luciferase activity should not increase (panel C, Figure 17).
Finally, after exposure to a dilution series of BoNT, the changes in luciferase activity can be
plotted in a dose response curve and used to determine the LDso equivalent.
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Figure 17: Visual representation of MoN-Light BONT assay optimization. Under normal conditions (A) exposure to the control
buffer (Na*-HBS) does not initiate Ca?* influx and luciferase is not released into the solution surrounding the cell. Exposure
to the depolarization buffer (K*-HBS) causes an influx of Ca?* into the presynaptic terminal, initiating the creation of the
SNARE complex, and allowing the release of neurotransmitters and luciferase into the surrounding solution, resulting in
detection of increased luciferase activity. Upon simultaneous exposure to EGTA, the cell initially reacts the same way to the
buffers, but no Ca?* influx can take place because the EGTA has sequestered the supply. Therefore no signal initiates the
SNARE complex formation and no vesicle fusion takes place. Luciferase activity does not increase in either buffer. Upon
exposure to a high concentration of BoNT (C), the members of the SNARE complex are cleaved (depending on BoNT serotype).
The circumstances under the control buffer remain the same, but exposure to the depolarization buffer still instigates Ca?*
influx, however the SNARE complex is disrupted and the vesicle cannot fuse to the presynaptic membrane, blocking
neurotransmitter and luciferase release. No increase in luciferase activity is detected.

1.7 Summary

Scientists can take advantage of key signals known to occur during gastrulation in order
to produce motor neuron populations from iPSCs in vitro. Important to neuronal
communication are neurotransmitters and neuropeptides, which are packaged in vesicles, and
await the appropriate signal to be secreted from the presynaptic terminal. There are two distinct
types of neurosecretory vesicles in neurons, the large dense core vesicle and the synaptic
vesicle. The production of these vesicles and a portion of their contents occurs through the
Golgi apparatus. Important elements packaged into the large dense core vesicles are POMC,
CgA, and Sgll. Important proteins associated with synaptic vesicles are VAMP, synaptophysin,
and VAChT. Once the vesicles are formed, they are transported to the presynaptic terminal to
be ready to fuse with the plasma membrane. It appears that each vesicle type initiates the fusion
event in response to different signal strengths and durations. Despite this, both vesicles require
the SNARE protein complex for fusion with the plasma membrane.

BONT is a highly toxic substance, which can gain entry into motor neuron presynaptic
terminals to cleave specific targets in the SNARE protein family. The cleaved proteins are not

able to form a complex and therefore membrane fusion is inhibited. This ends signal
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propagation and paralyzes the corresponding muscle fiber. While the gold standard for toxicity
assessment of BONT is the mouse bioassay, the three Rs encourage the development of
alternative methods to animal testing. The purpose of this project is to optimize the SIMA
Random_Insertion-hPOMC1-26GLuc prototype assay?, a specific and sensitive method to
flexibly determine the toxicity of all serotypes of BoNT in a cell-based in vitro assay. The
foundation of the assay, to use a Gaussia luciferase (GLuc) reporter directed to neurosecretory
vesicles, which can be co-released with neurotransmitters upon cellular depolarization, will
remain unchanged. However, the design will be implemented in iPSCs, which can be
differentiated into motor neurons, the specific cell target of BoNT. The genetic modification of
the cells will take place using CRISPR/Cas9 in order to carry out clean and precise gene editing
at the AAVSL safe harbor locus. The precisely modified, and therefore fully functional motor
neuron, should react with the highest sensitivity to exposure of BoNT, strengthening the

applicability of this assay for BONT potency determination.

The SIMA neuroblastoma line and the iPSC line IMR90-4 are genetically modified with
CRISPR/Cas. These clones are characterized in order to validate the insertion of the donor DNA
in the AAVS1 safe harbor, confirm the single copy insertion of the donor DNA into the gDNA,
and verify the correct sorting of GLuc with the neurosecretory pathway (techniques summarized
in Figure 18). Post-modification and characterization, the iPSCs are differentiated into motor
neurons, the physiological target of BONTs. The motor neurons are analyzed with gPCR and
immunofluorescence to validate the differentiation protocol and to verify that GLuc is still
expressed post-differentiation. The motor neurons are utilized in depolarization experiments to
test the release of GLuc into the supernatant upon stimulation. If the motor neurons containing
either the construct directing GLuc to the LDCV or the SV is able to specifically release the

GLuc, the assay might be valid for BONT toxicity assessment.

CRISPR-modified clones derived from the hPOMC-GLuc and VAMP2-GLuc
constructs could be analyzed for all the characterization factors and passed all necessary
validation points. Therefore both constructs directing towards LDCVs and SVs could be
assessed as motor neurons for their capacity to release GLuc in the luciferase release test. In
conclusion, highly innovative and contemporary methods are applied in this project to create
the MoN-Light BoNT assay, an in vivo simulation assay in cell culture to assess the toxicity of
any BoNT serotype. The final objective of this project would be to develop the MoN-Light
BoONT assay to the point that its sensitivity to each unique BoNT serotype can reliably and
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accurately measure the potency, and its relevance can overtake that of the mouse bioassay,

creating a robust and flexible alternative to animal testing.

Clone characterization: Techniques:

Integration into AAVSI locus

WT DNA
SPSPAS AT ASSASTSS ST AT S AP allele ]

STAPASISS AT AT ST ASTAT ST SP allele 2

heterozygous integration
SPNPNPSPNT NSSASSNSSASPNPPNINN allele 1 PCR

SISPAS NS AT AT AT ST A ST AL AP allele 2

homozygous integration
SISPSINSTNSS ST AL AT ASINSPAPSSSFN allele |

ST NAS ST AT AT ATV allele 2

Exclusion of multiple integration events
single on-target donor DNA integration

= § ==

= Southern blot
£ Ligation-mediated PCR
Double control quantitative copy number PCR

multiple off-target donor DNA integrations
_ . == [

e

Final GLuc localization

large dense core vesicles
hPOMC, CgA, Sgll

no sorting tag
"no tag"

C D
e Differential centrifugation

a1
. \ I

5 | off‘l | | e Immunofluorescence
: iN

Figure 18: Summary of techniques used to characterize clones.
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2 Materials and Methods

2.1 Plasmid production

2.1.1 Standard PCR amplification, digestion and ligation

PCR amplification

All PCR products, unless otherwise specified, were amplified with the PCR master mix
described in Table 2 and the thermocycling program described in Table 3. To enable the
restriction enzyme to bind and cleave the DNA, all cloning primers included 5’ overhangs
corresponding to the appropriate restriction enzyme recognition sequence (underlined) and a
GCGGCG elongation sequence (bold). PCR primer pairs, as well as their specific annealing
temperature and expected product size are found in Table 4. The PCR reaction was run on an
agarose gel (2 % agar dissolved in 1x TAE, Table 5) at 130 V for 1 h, visualized with EtBr
(0.25 pl/ml), and the desired products were precisely excised from the gel. The amplicon was

purified with the Roboclon gel clean-up kit according to the manufacturer’s instructions.

Table 2: PCR master mix for amplification of cloning components, final volume of cloning amplification master mix was 50 pl.
DMSO and plasmid are placed in braces because they were only added to the reaction if specified in the text.

Master mix Final concentration
5% GC Phusion buffer 1x

dNTPs (10 mM) 200 uM

Forward primer (10 uM) 0.5uM

Reverse primer (10 uM) 0.5uM

{DMSO} {3 %}

Phusion Polymerase (2 U/ul) 1U

{plasmid} DNA 10 ng

Table 3: Standard PCR thermal cycling program. Unspecified annealing temperature X is given in Table 4 as “Ann. Temp
(°C)” for each specific primer pair.

Step Temperature (°C) Duration (sec) Number of cycles
Denaturation 98 180 1
Denaturation 98 30
Annealing X 30 35
Extension 72 60
Extension 72 600 1
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Table 4: List of primers used for plasmid cloning. F = forward primer, R = reverse primer. Ann. temp. = annealing
temperature. *Reverse primer paired with GLuc_Spel_F. Specific annealing temperature for each primer pair (°C) and the
expected product for each amplification (bp).

Ann.

. . Product
Amplicon | Primer name Sequence (5°-3”) temp .
o size (bp)
(°C)
GCGGCGTTAATTAAGATCTGTA
Efla EfIHTLV_Pacl_F | 5 cococacanc 65 1561
promoter EFIHTLY Sall R CGCCGCGTCGACGTCAGTGGGC
—all_R | agaccecacaTc

Efla Pacl F GCGGCGTTAATTAATTCACGAC
Ef1-HTLV a_racl_ ACCTGAAATGGAAG 61 499
promoter Efla Sall R GCGGCGGTCGACCCCGGGCTGG

a_sall_ GCTGAGACCCG

GLuc Spel F GCGGCGACTAGTCTAGTCACCA
hPOMC- uc_-pel_ CCGGCCCCCTTG 72 o3
GLuc hPOMC- GCGGCGTTAATTAACCACCATG

GLuc_Pacl_R CCGAGATCGTGCTG
no tag . GCGGCGTTAATTAACCACCATG
GLuc Gluc_Pacl_R AAGCCCACCGAGAACAACGAAG | 2 530

CgA- GCGGCGTTAATTAAATGCGCTC
CoA-Gluc GLuc_Pacl_R* CGCCGCTGTC 65 1921

Sgll- GCGGCGTTAATTAACACCATGG
SOH-GLUC ) e pacl R* CTGAAGCAAAGACCCA 67 2389
(VAMP) +« | GCGGCGGAATTCCCACCATGAA
GLUC GLuc_EcoRI_R GCCCACCGAG 72 530

GCGGCGGGTACCAGTGCTGAA

VAMPZ_Kpnl_F TAAACTE?GASE SrECTenAs
VAMP2 61 359

VAMP?2 Pacl R GCGGCGITAATTAACCACCATG

_racl_ TCTGCTACCG
Table 5: Instructions to prepare 10x TAE buffer.
Component Concentration
10x Tris-acetate EDTA buffer (TAE)

Tris-Acetat 137 mM
EDTA 2.7 mM

Digestion

In preparation for cloning, the PCR products were digested with restriction enzymes
specific to the cloning step (Table 6, restriction enzymes specified below) using the standard
digestion thermocycling program (Table 7). The cloning vector was also digested with the
corresponding restriction enzymes and standard digestion protocol (Table 6). It was
subsequently dephosphorylated with the addition of 1 pl Fast AP to the digestion reaction and
then the sample was incubated further (Table 8). Post-digestion, the PCR products and the
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cloning vector were run on an agarose gel (1 % agarose for vectors, 2 % agarose for PCR
products) at 130 V for 1 h, visualized with EtBr, and precisely excised from the agarose gel.

The products were purified with the Roboclon clean-up Kit.

Table 6: Double restriction enzyme DNA digestion reaction.

Reagent Volume (ul)
21g plasmid / all gel extracted DNA 20

10x fast digest buffer 2.5
Restriction Enzyme 1 1
Restriction Enzyme 2 1

Table 7: Fast digest thermocycler protocol.

Step Temperature (°C) Duration (sec) Number of cycles
Digestion 37 900 1
Inactivation 70 300 1

Table 8: Fast AP plasmid dephosphorylation cycling program

Step Temperature (°C) Duration (sec) Number of cycles
Dephosphorylation | 37 900 1
Inactivation 75 300 1

Ligation

If applicable, the appropriate oligonucleotides were annealed and phosphorylated
(Table 9 and Table 10). The dephosphorylated vector and either the gel-purified insert or the
annealed oligonucleotides were then ligated together under specific reaction conditions (Table
11 and Table 12). Specific cloning protocols for the key plasmids constructed for this project
are described below. The ligation was carried out with 50 ng of plasmid DNA and either a 3
molar excess of the PCR product, or a 1:250 dilution of the annealed and phosphorylated

oligonucleotides. The equation to calculate the 3 molar excess of the PCR product is as follows:

3 %50 ng * ( bpinsert )

pplasmid
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Table 9: Annealing and phosphorylation of oligonucleotides

Reagent Volume (ul)
Oligo-sense (100 pM) 1
Oligo-antisense (100 puM) 1

T4 ligation buffer 1

T4 PNK 0.5

H20 6.5

Table 10: Thermocycling oligonucleotide annealing protocol
Temperature (°C)

Duration (sec)

37
95
to 25

Table 11: Ligation reaction of vector and insert.

Reagent

30 min
5 min
Ramp down at 5 °C/min

Final concentration

Plasmid (50 ng/pl)
PCR product

1:250 dilution annealed and phosphorylated oligonucleotides

10x T4 ligation buffer
T4 ligase (5 U/ul)

50 ng
3 molar excess of plasmid

4 nM
1x
5U

Table 12: Thermocycling program for plasmid cloning ligation reaction.

Step Temperature (°C) Duration (sec) Number of cycles
Ligation 22 3600 1
Inactivation 65 600 1

2.1.2 Specific cloning protocols

Plasmid encoding Cas9 endonuclease

The backbone vectors used for the CRISPR/Cas9 co-transfection were provided by

Addgene. The first plasmid backbone is the Cas9 endonuclease, which was designed to be

expressed from the enhanced specificity Cas9 (eSpCas9(1.1)) plasmid (Figure 19).

eSpCas9(1.1) was a gift from

Feng

Zhang (Addgene plasmid #71814;

http://n2t.net/addgene:71814; RRID:Addgene_71814)72.
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Figure 19: Plasmid map of eSpCas9(1.1).

The sequence of the AAVS1 safe harbor locus T2 sgRNA site’ was cloned into the
eSpCas9(1.1) plasmid at the Bbsl cloning site. Two oligonucleotides were designed to contain
the sgRNA-T2 recognition sequence and PAM ‘CCACTAGGGACAGGATTGG’ and to
contain the nucleotide overhangs necessary for sticky-end cloning (Table 13:
AAVS1T2 eSpCas9_S and AAVS1T2 eSpCas9_AS). Prior to cloning, the oligonucleotides
were annealed and phosphorylated (Table 9 and Table 10). The eSpCas9(1.1) vector was
digested with the restriction enzyme Bbsl, creating sticky-end overhangs to match the annealed
AAVS1-T2 oligonucleotides, and then dephosphorylated according to the standard protocol
(Table 6, Table 7, and Table 8). The ligation of the vector and annealed oligonucleotides was

also carried out according to the standard protocol (Table 11 and Table 12).

Table 13: Oligonucleotides used for plasmid cloning. S = oligonucleotide in the sense direction 5°-3°, AS* = oligonucleotide
in the antisense direction 3°-5°

Oligonucleotide name Sequence

AAVS1T2 eSpCas9_S CACCGGGGCCACTAGGGACAGGAT

AAVS1T2_eSpCas9_AS* CCCCGGTGATCCCTGTCCTACAAA

RE_TEV_S AATTCTCCTTGAAAATATAAGTTTTCCTTAAGAGCGGTAC
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RE_TEV_AS* GAGGAAGTTTTATATTCAAAAGGAATTCTCGC

Plasmid providing AAVS1 safe harbor locus homology arms

The second plasmid backbone used for CRISPR/Cas9 gene editing was pAAVS1-P-
MCS. The vector contained sequences for the AAVS1 safe harbor locus homology arms and
the puromycin resistance gene (Figure 20). pAAVS1-P-MCS was a gift from Knut Woltjen
(Addgene plasmid #80488; http://n2t.net/addgene:80488; RRID:Addgene 80488)"4. The
pAAVS1-P-MCS donor plasmid contains a multiple cloning site (MCS) with the restriction
enzyme recognition sites for Hincll, Accl, Sall, Pacl, Spel, and Sphl between the AAVS1 safe
harbor locus homology arms. The donor DNA sequence to be cloned into this vector included
the gene expression promoter and tagged or untagged GLuc coding sequences, as described

below.

g @ ort ,::> ::\

AMPR promoge, .

pAAVS1-P-MCS
5504 bp

(4008) HincII
(4007) AccI’,
(4006) Sall =\
(3994) PacI /|
(3983) Spel/ |\
(3958) SphI

7 [CAP binding site!
(M13 rev|

Figure 20: Plasmid map of pAAVS1-P-MCS.

Promoter cloning in pAAVS1-P-MCS
The promoters EFla or Efl-HTLV were each cloned into the pAAVS1-P-MCS
backbone using flanking primer pairs with 5° overhangs coding for the Pacl and Sall restriction

enzyme recognition sites (Table 4). The Efla promoter was selectively amplified from gDNA
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extracted from HEK cells (primer pair: Efla_Pacl_F, Efla_Sall_R). The Ef1-HTLV promoter
was selectively amplified from the pNiFty3-SEAP plasmid (also known as pUNQOY’, primer
pair: EFAHTLV_Pacl_F with EfIHTLV_Sall_R) using the thermocycling program specific for
the promoter amplification (Table 14) and the standard PCR master mix including DMSO
(Table 2).

Table 14: Thermocycling program for amplification of Efla and Ef1-HTLV promoters. Unspecified annealing temperature X
is given in Table 4 as “Ann. Temp (°C)” for each specific primer pair.

Step Temperature (°C) Duration (sec) Number of cycles
Denaturation 98 180 1

Denaturation 98 30

Annealing X 20 35

Extension 72 60

Extension 72 600 1

After PCR amplification, the inserts were run on an agarose gel for 1 h at 130 V, excised
from the gel, and purified with the Roboclon gel extraction kit. Both the inserts and the vector
plasmid were digested as described in the cloning protocol (Table 6 and Table 7) with the Pacl
and Sall restriction enzymes, and the vector was dephosphorylated by incubating the reaction
with 1 pl Fast AP (Table 8). The digested products were separated on an agarose gel for 1 h at
130 V and then excised and purified. The dephosphorylated and gel-purified vector and the gel-
purified insert were then ligated together under the standard reaction conditions (Table 11 and

Table 12).

Cloning of GLuc fusion sequences into pAAVS1-P-MCS promoter vectors

All subsequent cloning was carried out with either the promoter vector pAAVS1-P-
MCS Efla or the promoter vector pAAVS1-P-MCS Ef1-HTLV. The remaining components of
the donor DNA to be cloned into the AAVS1-P-MCS backbones were the Gaussia luciferase
fusion components henceforth referred to as hPOMC-GLuc, no tag GLuc, CgA-GLuc, Sgll-
GLuc, and VAMP2-GLuc (see section 1.6.1). The hPOMC-GLuc signal peptide was the
sequence encoding amino acids 1-26 of the human proopiomelanocortin protein and was
amplified from pcDNA3-hPOMC1-26-GLuc plasmid? as a template (Table 4, primer pair:
GLuc_Spel_F and hPOMC-GLuc_Pacl_R). The no tag GLuc encoded the Gaussia luciferase
protein only, excluding any type of sorting signal, and was amplified from the hPOMC-GLuc
plasmid described in section 3.1.2.3 (Table 4, primer pair: GLuc_Spel_F and GLuc_Pacl_R).
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The CgA sorting signal contained a section of the 5’UTR and beginning of the CHGA genetic
sequence and was amplified from pcDNA3-hSCgA-GLuc plasmid? as a template (Table 4,
primer pair: GLuc_Spel _F and CgA-GLuc_Pacl_R). The Sgll sorting sequence contained a
section of the 5’UTR and beginning of the SCG2 genetic sequence and was amplified from
pPcDNA3-hSgll-GLuc plasmid? as a template (Table 4, primer pair: GLuc_Spel _F and Sgll-
GLuc_Pacl_R). All of the GLuc fusion sequences were amplified with the same forward primer
(GLuc_Spel_F), the reverse primer is specifically labelled according to the tag to be amplified
(Table 4), encoding the C-terminus of the protein. The standard PCR master mix and
thermocycling program were used to amplify these components (Table 2 and Table 3). The
amplified sequences of hPOMC-GLuc, no tag GLuc, CgA-GLuc and Sgll GLuc were digested
with the restriction enzymes Pacl and Spel (Table 6 and Table 7). The pAAVS1-P-MCS
promoter backbones were digested using the standard digestion protocol (Table 6 and Table 7)
with the restriction enzymes Pacl and Spel and then dephosphorylated (Table 8). Next, the PCR
product and vector were ligated together following the standard ligation protocol (Table 11 and
Table 12).

The VAMP2-GLuc donor plasmid is composed of the following three segments: 1) a
fusion sequence of the ORF of VAMP2, 2) the TEV protease recognition sequence, and 3) the
no tag GLuc sequence. The VAMP2 sequence was amplified from a VAMP2 open reading
frame (ORF) plasmid® with primers incorporating 5> overhangs corresponding to the restriction
enzyme recognition sites for Pacl and Kpnl (Table 4, primer pair: VAMP2_Kpnl_F and
VAMP2_Pacl_R). Next, the TEV protease recognition sequence segment was constructed with
two complementary oligonucleotides, incorporating overhangs corresponding to DNA digested
by EcoRI and Kpnl (Table 13, oligonucleotide pair: RE_TEV_S and RE_TEV_AS). The
oligonucleotides were annealed and phosphorylated according to the standard protocol (Table
9 and Table 10). Then, the no tag GLuc sequence was amplified from the pAAVS1-P-MCS no
tag GLuc plasmid (3.1.2.4) with primers incorporating 5’ overhangs containing the restriction
enzyme recognition sites for Spel and EcoRI. The no tag GLuc sequence was digested with the
restriction enzymes Spel and EcoRI, and the VAMP2 sequence was digested with the restriction
enzymes Pacl and Kpnl (Table 6 and Table 7). Next, the three segments were ligated together
using an overnight ligation protocol (Table 12, ligation step duration extended to overnight at
16 °C). Finally, the entire ligation reaction was amplified with the GLuc_Spel F and
VAMP2_Pacl_R primer pair (Table 4) using the standard PCR master mix and thermocycling

program at an annealing temperature of 65 °C (Table 2 and Table 3). The PCR reaction was run
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on a gel and the resulting 909 bp product was precisely excised from the gel in order to exclude
any potential ligation products which did not contain the short annealed oligonucleotides. This
amplified product was then digested with the restriction enzymes Spel and Pacl and then ligated
into the pAAVS1-P-MCS Ef1-HTLV plasmid backbone previously digested with the same

restriction enzymes (Table 11 and Table 12).

2.1.3 Transformation

To prepare the ligated products for transformation by electroporation into competent
E. coli cells, 1 ml SOC medium was warmed to 37 °C. The electroporation cuvette and guide
were previously chilled on ice. Working on ice, 1 pl ligation products were added to 50 pl
competent E. coli cells, the mixture was quickly added to a cuvette and electroporated at 2.5 kV.
Immediately 1 ml warm SOC medium was added to transformed cells and transferred to a 15 ml
Falcon tube. Cells were incubated at 37 °C while shaking for 1 h to allow post-electroporation
recovery. Next, 100 pl of transformed cells was evenly spread on a LB + 50 pg/ml ampicillin
agar plate. The agar plate containing the bacterial transformation was incubated upside down
at 37 °C ON. Clones were expanded the next day by picking individual colonies and growing
the bacteria in liquid LB medium with 50 pg/ml ampicillin at 37 °C while shaking ON. All
solutions used in the transformation process are described in Table 15.

Table 15: Solutions used in transformation.

Component Concentration
LB medium, pH 7.3
Yeast extract 0.5%
Tryptone 1%
NacCl 1%
H20 fill to 1000 ml
LB ampicillin agar plates

LB Agar 3.2%
Ampicillin 50 pg/ml
H20 fill to 1000 ml

SOB medium, pH 7.0
Tryptone 20 %
Yeast extract 0.5%
NaCl 10 mM
KCI 2.7 mM
H20 fill to 1000 mi
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2M Mg?* solution

MgCl2 20.33 ¢
MgSOs4 1249
H-O fill to 100 ml
SOC medium
Glucose 20 mM
Mg?* 20 mM
SOB fill to 1ml

2.1.4 Isolation of plasmid DNA

The clones which were picked and grown in LB medium are resistant to ampicillin and
therefore contain an unknown version of the ligated plasmid. The plasmid DNA amplified in
the E. coli was isolated with the QIAGEN mini-preparation Kkit. The isolation was carried out
following the manufacturer’s instructions, except the plasmid was eluted in 20 pl H2O. Any
extra bacteria in LB medium was saved for maxi-preparation in case of positive results. The
isolated plasmids were digested with the restriction enzymes used for the vector cloning, to
verify if the plasmid contained the correct insert (Table 16). Because the ligation of the 20 bp
T2 sequence into the eSpCas9(1.1) hardly changes the size of the 6000 bp plasmid and
restriction digest confirmation excising the 20 bp segment is difficult to verify on an agarose
gel, the correct ligation was confirmed by PCR amplification to quickly exclude possible clones
without the insert. The gPCR was run with the forward sequencing primer eSpCas9_gRNA_F-
seq (Table 19) and the AAVS1T2 eSpCas9_AS oligonucleotide (Table 13) using the standard
SYBR green master mix (Table 17) and the standard gPCR thermocycling program (Table 18).

Table 16: Reagent mix for restriction enzyme digestion of mini-prepped plasmid for detection of correctly ligated product.

Reagent Volume (ul)

Mini-prepped plasmid DNA 5
10x Fast digest buffer
Restriction Enzyme 1
Restriction Enzyme 2
H20

RPN

Table 17: gPCR master mix to verify the insertion of sgRNA sequence into the eSpCas9(1.1) vector.

Reagent Final concentration
2x Maxima Sybr Green Master Mix 1x

1:1000 dilution mini-prepped plasmids 1:10,000 dilution
Forward Primer (10 uM) 250 nM
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Reverse Primer (10 uM) 250 nM

Table 18: Thermocycling protocol for GLuc expression and gene expression in iPSCs

Step Temperature (°C) Duration (sec) | Number of cycles
Denaturation 95 600 1
Denaturation 95 20
Annealing 60 20 40
Extension 72 20
95 10 1
Melting curve 65 5 1
95 Ramp up from 65 °C

If a plasmid is shown to contain the correctly sized insert, and Sanger sequencing
confirmed the correct orientation and sequence of the insert (described below), the remaining
transformed bacteria was cultivated in 150 ml LB medium and 50 pg/ml ampicillin ON at 37 °C
while shaking. Next, glycerol stocks for the plasmid were prepared with 500 pl transformed
E. coli in LB medium and 500 pl glycerol, and stored at - 80 °C for future use. The remaining
bacteria were maxi-prepared to extract the plasmid DNA following manufacturer’s instructions,

except the plasmid was eluted with 1000 pul H20.

2.2 Sequence verification

All plasmids, as well as genetically modified sequences surrounding the AAVS1 safe
harbor locus, were verified by Sanger sequencing with 400-500 ng DNA and 2.5 uM of the
relevant primer at Eurofins Genomics. The primers used for amplification or cloning were also
those used for sequencing. If the product was too large to provide an accurate and complete
sequence in a single sequencing run, such as the insert confirmation product, extra sequencing
primers were used to capture the middle portion of the amplicon (Table 19). Resulting
chromatograms were aligned to the reference sequence using the SnapGene and Benchling
genetic analysis programs (aligned sequences can be found in the Appendix 6.4).

Table 19: Primers used for sequencing of plasmids and AAVS1 safe harbor locus insert confirmation products.

Region Primer name Sequence (5’ to 3°)
SgRNA plasmid  eSpCas9 _gRNA_F-

: . CATGATTCCTTCATATTTGC
confirmation seq

5'ProbeWT_F TTCAGGTTCCGTCTTCCTCC

Rpcr-cl-PAC AGTTCTTGCAGCTCGGTGAC

48
Section 2.2



GLuc_Rprobe ATGAAGCCCACCGAGAACAAC

'”Se'.“ . AAVS1_F-seq GGTGTCATTCTATTICTGGG
ngfll(g;;l tion HTLV_Probe_R GAGGGGCTCGCATCTCTC
Rpcr-wt-3'HA AGGATCCTCTCTGGCTCCAT
Sgll_Seq_F GAGCCTTGGCAGAACTTTC
Solt Sgll_Seq_R CTTGCCCGAGAGGGATTC
CogA CgA_Seq_F GATCTCCTTGTAGCCAAGG
VAMP2 VAMP2_Pacl_R GCGGCGTTAATTAACCACCATGTCTGCTACCG
Insert Insert_EF1_F CACGGCGACTACTGCACTTATATACG
confirmation AAVS1 3'HA Seq F A TGAGATAAGGCCAGTAGCC
3'HA (1 kb) AAVS1-xHA_R2 GAGGAGAATCCACCCAAAAGG

2.3 Cell culture

2.3.1 Standard cell culture maintenance of SIMA, IMR90-4, and HepG2 cell lines

SIMA cells were cultivated in RPMI1640 medium with 1 % penicillin/streptomycin
(P/S), 10 % Fetal Calf Serum (FCS), and 2 mM L-alanyl-L-glutamine on untreated cell culture
plates. Medium was changed every 2 - 3 days and upon reaching 80 - 90 % confluency, cells
were split 1:15 after trypsinization. Undifferentiated IMR90-4 cells were cultured on Matrigel-
coated plates in StemMACs™ iPS-Brew XF human cell culture medium containing 1 % P/S in
feeder-free conditions. Medium was changed every 2 days and cells were split 1:40 upon
reaching 80 — 90 % confluency with 0.5 mM EDTA in PBS (Table 20). Newly split cells were
supplemented with 1 uM Y-27632 ROCK inhibitor. Matrigel was applied to the appropriate
cell culture plates and incubated at room temperature for at least 2 hours before use. The
Matrigel solution was prepared on ice by diluting previously prepared aliquots 1:100 with
KnockOut Medium. Cells were frozen for later use in freezing medium. For SIMA cells this
freezing medium consisted of 80 % RPMI1640, 10 % FCS, and 10 % DMSO. For IMR90-4
cells this freezing medium consisted of 80 % DMEM/F12, 10 % FCS, 10 % DMSO, and 1 pM
Y-27632 ROCK inhibitor. HepG2 cells were cultivated in DMEM with 1 % P/S, 10 % FCS,
and 2 mM L-alanyl-L-glutamine on untreated cell culture plates. Medium was changed every

2 - 3 days and upon reaching 80 - 90 % confluency, cells were split 1:15 after trypsinization.

Table 20: Instructions to prepare phosphate buffered saline for cell culture. Autoclave after preparation.

Component Concentration
Phosphate buffered saline solution (PBS)

NaCl 137 mM

KCI 2.7 mM

NazHPO4 10 mM
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KH2PO4 1.8 mM

2.3.2 Mycoplasma detection test

Cell culture media was screened for mycoplasma. To this end, 50 pl of cell culture
medium was collected from the incubated cells. The medium was incubated at 95 °C for 5 min.
Treated medium was amplified with the Mycotest primer pair (F:
CACCATCTGTCACTCTGTTAACC, R: GGAGCAAACAGGATTAGATACCC) in the PCR reaction

described in Table 21. The PCR was run using the thermocycling program found in Table 22.

Table 21: Master mix for mycoplasma detection test PCR.

Reagent Volume (ul)
Dream-Tag Green Buffer (10x) 5

dNTPs (2mM) 5
Mycotest_F (100 uM) 0.35
Mycotest R (100 uM) 0.35

Dream Taqg Polymerase (5 U/ul) 0.30

Cell culture medium, boiled 2

H20 37

Table 22: Thermocycling program to test for mycoplasma in cell culture medium.

Temperature (°C) Duration (sec) Number of cycles
94 120 1

55 120 1

72 120 1

94 30

55 60 33

72 60

72 240 1

4 incubation

2.3.3 Differentiation protocols for SIMA and IMR90-4 cell lines

To differentiate SIMA cells, they were plated on 1x poly-L-lysine (PLL) coated wells
and cultured for 72 hours in RPMI11640 medium supplemented with 1x B27 with Vitamin A,
1x N2, 2 mM L-alanyl-L-glutamine, 1 mM non-essential amino acids, and 1 % P/S .

IMR90-4 cells were differentiated into motor neurons using two previously established

protocols by Maury et al® and Du et al®. Specific technical details on implementing these
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protocols were kindly provided by Maren Schenke from the University of Veterinary Medicine
in Hannover and are summarized in Figure 21. All steps of both differentiation protocols were
carried out in N2B27 basis medium consisting of 50 % DMEM/F12, 50 % Neurobasal medium,
1x B27 without Vitamin A, 1x N2, 2 mM L-alanyl-L-glutamine, and 1% P/S plus the
appropriate differentiation reagents described below.

IMR90-4 cell differentiation according to the Du et al protocol was carried out as
follows: Cells were plated one day before the differentiation was started on Matrigel-coated 6-
well plates with 100,000 cells per well. Differentiation began on DO. From DO - D5 the
differentiation medium was composed of N2B27 medium including 100 uM Ascorbic Acid
(AA), 3 UM CHIR99021, 2 uM DMHL1, and 2 uM SB431542. Medium was changed on D2,
D4, and D5. On D6, the cells were split 1:6 with 0.5 mM EDTA (10 min at RT) onto Matrigel-
coated 6-well plates. From D6-D10 the N2B27 medium included 100 uM AA,
1 uM CHIR99021, 2 uM DMH1, 2puM SB431542, 100 nM Retinoic Acid (RA), and
500 nM Purmorphamine (PMA). Medium was changed on D8 and D10. From D12 - D18 the
cells were in suspension culture with N2B27 medium including 100 uM AA, 500 nM RA and
100 nM PMA. Medium was changed on D14 and D16. On D18, the cell suspension was
collected and centrifuged for 5 min at 2000 rpm. The cells were resuspended and incubated for
15 min with Accutase at 37 °C to create a single cell suspension. Next, the Accutase was diluted
with ten times the volume of DMEM/F12 medium. Then, the cell suspension was centrifuged
for 5 min at 1000 rpm and resuspended in N2B27 medium. The cells were plated on Matrigel-
coated plates at the following densities: 200,000 cells per well on 6-well plates, 150,000 cells
per well on 96-well plates, and up to 150,000 cells per well on coverslips for IF on 24-well
plates. The differentiation medium from D18 on consisted of N2B27 with 100 uM AA, 500 nM
RA, 100 nM PMA, 100 nM Compound E, 2 ng/ml GDNF, 2 ng/ml BDNF, and 2 ng/ml CTNF.

Medium was changed every second day until D30 or until use (summary in Figure 21).

IMR90-4 cell differentiation according to the Maury et al protocol was carried out as
follows: From DO - D8 the cells were in suspension. To this purpose, 600,000 cells were
prepared per dish and the medium on DO was composed of N2B27 with 500 nM AA, 3 UM
CHIR99021, 2 uM DMH1, 2 uM SB431542, and 5 uM Y-27632 ROCK inhibitor. D2 medium
consisted of N2B27 with 500 nM AA, 3 uM CHIR99021, 2 uM DMH1, 2 uM SB431542,
100 nM RA, and 500 nM SAG. The N2B27 medium on D4 though D8 was supplemented with
500 nM AA, 100 nM RA and 500 nM SAG. Medium was changed on D6 and D8. On D9, the

cell suspension was collected and centrifuged for 5 min at 1000 rpm. The cells were
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resuspended and incubated for 15 min at 37 °C in Accutase to make a single cell suspension.
The Accutase cell suspension was diluted with ten times the volume of DMEM/F12 medium.
Then, the cell suspension was centrifuged for 5 min at 1000 rpm and resuspended in N2B27
medium. Finally cells were plated at the following densities: 300,000 cells per well on 6-well
plates, 150,000 cells per well on 96-well plates, and 100,000 cells per well on coverslips for IF
on 24-well plates. The medium on D9 contained N2B27 with 10 uM DAPT. The medium on
D11 was composed of N2B27 with 15 uM AA, 10 uM DAPT, 5 ng/ml GDNF, 5 ng/ml BDNF,
5ng/ml CNTF, and 1 pg/ml dbcAMP. The next medium change occurred on D14 and all
subsequent medium changes took place every two days with N2B27 medium containing 15 uM
AA, 5 ng/ml GDNF, 5 ng/ml BDNF, 5 ng/mlI CNTF, and 1 pg/ml docAMP. After D30, the cells

were analyzed as candidate mature motor neurons (summary in Figure 21).

Days: 2 4 [ 8 10 12 14 16 18 20 |22 24 26 |28 | 30 |[.
Expansion
Du et al. (2015) CHIR, DMH1, SB. RA, PMA, VPA

: _ _ : |
| Neural Induction [ MM specification { MHN specitication ﬁ
CHIR, DMH1, 58 * CHIR DMH1. SB, RA PMA " RA PMA " RA PMA, CE. GDNF, BONF, CNTF

Maury et al. (2015)

Neur. ind. | [ MN specification ' —

CHIR, ¥ CHIR, 5B RA, SAG DAPT DAPT, GDNF AMP. GDNF_BDNF, CNTF
DMH1, SB SAG, RA BONF. CNTF
DMH1 AMP

Figure 21: Schematic of protocols used to differentiate iPSCs into MNs. Adapted figure published in Schenke et al®, licensed
under CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/)

2.4 Transfection and clone selection

2.4.1 SIMA transfection

Transient transfection

The SIMA cells were transiently transfected in order to verify the expression of
luciferase and therefore the functionality of each plasmid. The cells were seeded with 50,000
cells in a single well of a 6-well plate and transfected the following day with 2 g total plasmid
in TurboFect transfection medium. All transfections were performed with two plasmids: the
eSpCas9(1.1)+T2sgRNA plasmid and the GLuc donor plasmid derived from AAVS1-P-MCS
in a ratio of 1:4. Accordingly, the transient transfection contained 0.5 pug
eSpCas9(1.1)+T2sgRNA plasmid and 1.5 pg pAAVS1-P-MCS_X-GLuc plasmid, whereby
“X refers to the specific GLuc construct used in the transfection. To begin the transfection the

culture medium was changed to serum-free RPMI11640 including the reagents described by the
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manufacturer (Table 23). The cells were incubated at 37 °C. Transgene expression was

analyzed by measuring luminescence in cell lysate after 24 - 48 hours.

Table 23: SIMA transient transfection components. X = specific AAVS1-P-MCS GLuc construct.

Reagent Quantity per well
Serum-free RPM11640 medium Fill to 200 pl
eSpCas9(1.1)+T2sgRNA 0.5 ug
pAAVS1-P-MCS_X 1.5 ug
TurboFect Transfection Reagent 4 ul

Stable transfection

The stable transfection of SIMA cells was carried out according to the TurboFect
transfection protocol with 10 pg total plasmid DNA in one well of a 6-well plate. The cells
were seeded at 50,000 cells per well and transfected the following day with TurboFect
transfection medium (Table 24). The transfection medium was added to the adherent cells and
incubated for 48 h at 37 °C. To isolate the cells harboring stably integrated donor DNA, the
medium was changed to the standard care RPMI1640 medium plus 1 pg/ml puromycin
antibiotic. The donor DNA contains the sequence for the puromycin resistance gene and those
cells expressing this gene are likely also to contain the GLuc fusion sequence of interest. The
RPMI1640 medium including puromycin was changed every two days. The medium in which
the cells had been incubating, containing primarily dead cells, was transferred to a clean well
in a 6-well plate to screen for any remaining living cells. Medium change continued until
clusters of healthy cells began to grow after approximately 2 - 4 weeks. These healthy cell
clusters were trypsinized and transferred to a well of a 96-well plate as a single cell dilution.
Once monoclonal cell clusters began to grow they were trypsinized and expanded into 6-well

plates for propagation, freezing, and cellular analysis.

Table 24: SIMA stable transfection components. X-GLuc = specific AAVS1-P-MCS GLuc construct

Reagent Quantity per well
Serum-free RPM11640 medium Fill to 1000 pl
eSpCas9(1.1)+T2sgRNA 2.5 ug
pPAAVS1-P-MCS_X-GLuc 7.5 ug
TurboFect Transfection Reagent 20 pl

2.4.2 IMR90-4 transfection

The IMR90-4 transfection was carried out according to the Lipofectamine 300

transfection protocol. Cells were seeded in two wells of a 6-well plate and the transfection was
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begun once the cells reached 60 — 70 % confluency. The plasmids were added in a 1:4 ratio of
eSpCas9(1.1)+T2sgRNA plasmid to the appropriate GLuc donor plasmid (pAAVS1-P-
MCS_X-GLuc). The two transfection master mixes (Table 25), master mix 1 and master mix 2
were combined, incubated at RT for 15 min and then added to cells containing fresh standard
IPSC-Brew medium. The cells and transfection reagents were incubated at 37 °C for 48 h. The
cells in one well were removed and lysed to verify transient luciferase expression. The cells in
the second well were selected for the stable genomic integration of donor DNA by removing
the transfection medium and applying standard iPSC-Brew medium containing 500 ng/ml
puromycin. The selection medium was changed every two days. Once most cells had died and
only a few healthy clusters of cells remained, these healthy clusters were split into 96-well
plates for single cell dilution and monoclonal isolation. Cells on the 96-well plate were
incubated in CloneR medium at the concentrations specified by the manufacturer. The CloneR
reagent was diluted in the standard iPSC-Brew medium plus 500 ng/ml puromycin instead of
in mTeSR medium, as normally recommended by the manufacturer. CloneR supports the
survival of single cells and was observed to inhibit spontaneous differentiation of the isolated
clones. Once a cluster of healthy cells had grown in the well of the 96-well plate, these cells
were transferred to a 24-well plate and then a 6-well plate for propagation, freezing, and cellular

analysis.

Table 25: Transfection components for IMR90-4 cells with Lipofectamine 3000 kit. X-GLuc refers to the specific tagged GLuc
applied in the transfection reaction.

Reagent Quantity per well
Master mix 1
Opti-MEM medium 125 pl
Lipofectamine 3000 reagent 7.5 ul
Master mix 2
Opti-MEM medium 125 pl
eSpCas9(1.1)+T2sgRNA 625 ng
pAAVS1-P-MCS_X-Gluc 1875 ng
P3000 reagent 5 ul

2.5 Luciferase activity measurement

Synthetic coelenterazine was resuspended in EtOH to a concentration of 2 mM stock
solution. Two h before luminescence measurement, the 2 mM stock was diluted to 10 uM in
H>O and stored in the dark until use. Lysates were used to confirm luciferase expression in
monoclonal cell lines before expansion or to measure background luciferase activity in the
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luciferase release assay (described in detail below, section 2.15). To confirm GLuc expression,
lysates were prepared by harvesting a clone at 50 - 70 % confluency, isolating 20 % of the cells,
and incubating the cells in 20 pl 1x passive lysis buffer for 10 min on ice. All luminescence
measurements were made in a FLUOstar Omega microplate reader. Luciferase activity was
measured in 20 pl lysate in a white-walled clear-bottomed 96-well plate by automatically

injecting 100 pl of a 10 uM coelenterazine solution to the sample.

For the luciferase release assay, the background lysate luciferase activity was measured
by injecting 100 ul of a 10 uM solution of coelenterazine directly onto the cells cultured in a
white-walled clear flat-bottomed 96-well plate. Luciferase activity in the supernatant was
measured by adding 20 pl of the sample to a white-walled white-bottomed 96-well plate and

then automatically injecting 100 pl of a 10 uM solution of coelenterazine to each well.

2.6 DNA extraction

DNA extraction was carried out using the QIAGEN DNeasy Blood and Tissue
extraction Kit, according to the protocol with the following two modifications. First, after the
second washing step, the empty column was centrifuged at 14,000 rpm to remove any residual
wash buffer. Second, when preparing gDNA for Southern blotting, the DNA was eluted in two
steps, first in 50 pl H20, and then a second elution in 150 pl H20. The first elution yielded a
more highly concentrated gDNA sample, as required for Southern blotting. The gDNA from

the second elution was diluted to the necessary concentration and used for gPCR.

2.7 Ethanol precipitation of DNA

Samples with low gDNA concentrations following DNA extraction were subjected to
ethanol precipitation. To this end, sodium acetate (Table 26) was added to the DNA sample to
a final concentration of 300 mM. The sample was vortexed and then 2.5 -3 volumes of
95 % EtOH were added. The sample was incubated on ice for 15 min, centrifuged at 4 °C for
30 min at 14,000 rpm, and then the supernatant was carefully discarded. Next, the pellet was
rinsed with 70 % EtOH and then centrifuged at 4 °C for 15 min at 14,000 rpm. Finally, the
supernatant was discarded and sample was resuspended in 20 pl dH20.

Table 26: Instructions to prepare 3M sodium acetate for the ethanol precipitation of gDNA.
3M sodium acetate

CH3COONa 24.61g
Acetic acid adjust to pH 5.2
H20 fill to 100 ml
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2.8 Insert confirmation (PCR)

The protocol to test the insert confirmation at AAVSL1 safe harbor locus is based on the
polymerase chain reaction. To establish the primary insert confirmation, a pair of primers were
designed to flank the locus at which the Cas9 endonuclease induces the double strand break in
the gDNA. Multiple primer pairs were tested, as described in section 3.2.1 (Table 27). Each
primer pair was tested in a 20 pl reaction (PCR master mix found in Table 28, temperature
gradient thermocycling program found in Table 29). Finally, the insert confirmation was
successfully carried out using the primers 5’probeWT F and Rpcr-wt-3’HA at a 70 °C
annealing temperature (Table 27). All possible PCR products were separated on an agarose gel
and visualized with EtBr to confirm the presence of WT and/or insert bands. The primers used
for the secondary confirmation PCR of the 3’HA were AAVS1 3’HA Fand AAVS1-xHA_R2.
Amplification was carried out with the same master mix and thermocycling program found in
Table 28 and Table 29. The products of both the primary and secondary PCR sets were
amplified and separated on an agarose gel and the amplicons were excised and gel-purified, as
described previously, for Sanger sequencing. This step confirms the amplification of the correct
product, as well as excludes any mutations that might have been incorporated into the gDNA

during the homology-driven recombination.

Table 27: Primers used to test insert confirmation. Annealing temperature is included for the optimized final primer pairs.
Annealing temperature

Primer name Sequence (5°-3°) (°C, if amplified)
Fpcr-803* TCGACTTCCCCTCTTCCGATG -
Rpcr-cl-804* GAGCCTAGGGCCGGGATTCTC -
Rpcr-wt-183* CTCAGGTTCTGGGAGAGGGTAG -
Fpcr_5’ofHA TTGCTCTCTGCTGTGTTGCT -
5’probeWT_F TTCAGGTTCCGTCTTCCTCC 20
Rpcr-wt-3'HA AGGATCCTCTCTGGCTCCAT

AAVS1-xHA_ R4 AGGGGAACGGGGATGCAG -
AAVS1-xHA R3 GCTCAGTCTGAAGAGCAGAGC -
AAVS1 3’HA_F AGCCAGTACACGACATCACT

AAVS1-XHA_R?2 GAGGAGAATCCACCCARAAGG 70

Table 28: Temperature gradient PCR master mix to determine appropriate annealing temperature for PCR products.

Reagent Final concentration
5% GC buffer 1x
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dNTPs (10 mM)
5’probeWT _F (10 uM)
Rpcr-wt-3’HA (10 uM)
DMSO

Phusion Polymerase (2 U/ul)
DNA

200 M
0.5uM
0.5 uM
3%
04U
10-20 ng

Table 29: Temperature gradient PCR thermocycling protocol for insert confirmation.

Step Temperature (°C) Duration (sec) Number of cycles
Denaturation 98 30 1

Denaturation 98 45

Annealing 55-70 45 35

Extension 72 120

Extension 72 600 1

The CgA and Sgll sorting signal sequences are both much longer than the hPOMC

sequence, therefore the expected product size of the donor DNA amplicon was much larger.

Therefore, the protocol for the amplification of CgA-GLuc and Sgll-GLuc donor DNA

segments incorporated into the IMR90-4 gDNA was optimized (see Table 30 for all expected
PCR product sizes with primer pair 5’probeWT F and Rpcr-wt-3’HA, and the 3’HA

amplification). The optimized PCR master mix description is found in Table 31 and the adjusted

thermocycling program is found in Table 32.

Table 30: Expected product sizes for each insertion confirmation product. The WT AAVS1 safe harbor locus, hPOMC-GLuc,
CgA-GLuc, Sgll-GLuc, and VAMP2-GLuc inserts were amplified with the primer pair 5 probeWT F and Rpcr-wt-3°’HA. The
3’HA amplification product was amplified with the primer pair 4A4VSI 3’HA F and AAVSI-xHA_R2.

Name of amplicon

Product size (bp)

WT AAVSLI safe harbor locus
hPOMC-GLuc insert
CgA-GLuc insert

Sgll-GLuc insert
VAMP2-GLuc insert

3’HA amplification

856

2950
4289
4757
3292
1000

Table 31: Modified master mix formulation for insert confirmation of CgA-GLuc and Sgll-GLuc donor DNA segments

incorporated in AAVSL1 safe harbor locus.

Reagent Final concentration
5% GC buffer 1x

dNTPs (10 mM) 200 pM
5’probeWT _F (10 uM) 0.5 uM
Rpcr-wt-3’'HA (10 uM) 0.5uM
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DMSO 9%
Phusion Polymerase (2 U/ul) 04U
DNA 10-20 ng

Table 32: Modified thermocycling program for insert confirmation of CgA-GLuc and Sgll-GLuc donor DNA segments
incorporated in AAVS1 safe harbor locus.

Step Temperature (°C) Duration (sec) Number of cycles
Denaturation 98 30 1

Denaturation 98 10

Annealing 67.5 30 35

Extension 72 150

Extension 72 600 1

2.9 Southern Blot

Southern blot was performed according to the DIG Application Manual for Filter
Hybridization supplied by Roche. PCR preparation of southern blot probes was carried out
using the Roche DIG PCR kit (Table 33). Annealing temperatures were determined by
temperature gradient PCR indicated by “X” in the DIG probe thermal cycling protocol (Table
34). The final list of all probes tested with their optimal annealing temperature is found in Table
35.

Table 33: PCR master mix for Southern blot DIG probes.

Final concentration Final

DIG-labeled Reagents concentration
product non-DIG control
1x | PCR buffer with MgClz, 10x conc. (vial 3)  1x
1x PCR DIG mix, 10x conc. (vial 2) 0
0 dNTP stock solution, 10x conc. (vial 4) 1x
1uM Forward primer (10 uM) 1uM
1uM Reverse primer (10 uM) 1uM
1x | Enzyme mix, Expand High Fidelity (vial 1)  1x
40 ng gDNA 40 ng
fill to 50 pl H20 fill to 50 pl

Table 34: Thermal cycling conditions for DIG probe PCR.

Step Temperature (°C) Duration (sec) Number of cycles
Denaturation 95 120
Denaturation 95 30 30
Annealing X 30
58

Section 2.9



Extension 72
Extension 72

Table 35: List of Southern blot probe sequences and annealing temperatures for PCR amplification.

150
420

. . Annealing
Probe name | Primer name Primer sequence o
temperature (°C)

5'probeWT-F TTCAGGTTCCGTCTTCCTCC

WT probe 5'probeWT-R CGGGTTGGAGGAAGAAGACT 58
EfalHTLV ProbeF = GTAACGGCGCAGAACAGAA

EfalHTLY EfalHTLV_ProbeR  AACCGGTGCCTAGAGAAGGT 52

HTLV EfalHTLV_ProbeF =~ GTAACGGCGCAGAACAGAA -
HTLV_Probe_R CTGAAGCTTCGAGGGGCTC

P i Puro_ProbeF GTCACCGAGCTGCAAGAACT -

Hromyein Puro_ProbeR GCTCGTAGAAGGGGAGGTTG

GLuc_Fprobe CTAGTCACCACCGGCCCC

GLuc-FIR1 GLuc_Rprobe ATGAAGCCCACCGAGAACAAC 58
GLuc_Fprobe2 GTCAGAACACTGCACGTTGG

Gluc-FaR2 GLuc_Rprobe2 AAGACTTCAACATCGTGGCC | OO
GLuc_Fprobe3 CCCCTTGATCTTGTCCACCT

GLuc-F3R3 GLuc_Rprobe3 GGTCGATCTGTGTGTGGACT 60
GLuc_Fprobe3 CCCCTTGATCTTGTCCACCT

GlLuc-F3R4 GLuc_Rprobe4 GCACGCCCAAGATGAAGAAG 60
GLuc_Fprobe2 GTCAGAACACTGCACGTTGG

Gluc-FaR4 GLuc_Rprobe4 GCACGCCCAAGATGAAGAAG 60

On Day 1, 15 ng DNA was digested with 5 U restriction enzyme per ug gDNA for 18 h

ON at 37 °C. On Day 2, the digested samples were separated ON at 4 °C at 20 V on an agarose

gel. On Day 3, the agarose gel was placed upside down (wells facing down) into an

appropriately sized container. The depurination, denaturation, and neutralization steps were all

carried out according to the manufacturer’s instructions while gently shaking (Table 36).

Table 36: Non-ready-made solutions for Southern blot

Depurination solution

HCI 250 mM
Denaturation solution
NaOH 0.5M
NaCl 15M
Neutralization solution
Tris-HCI (pH 7.5) 0.5M
NaCl 15M
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20x SSC solution (pH 7.0)

NaCl 3M
Sodium citrate 300 mM
Low stringency washing buffer
SSC solution 2%
SDS 0.1%
High stringency washing buffer
SSC solution 0.1x
SDS 0.1%
Stripping buffer
NaOH 0.2M
SDS 0.1%

Figure 22: Capillary transfer system from agarose gel to nylon membrane

The capillary transfer system was assembled according to the manufacturer’s
instructions (Figure 22) and transfer proceeded for 16 h at RT. Throughout the subsequent pre-
hybridization, hybridization, and washing steps, the membrane kept damp. The blot was placed
into a hybridization tube with 10 ml pre-hybridization buffer per 100 cm? for at least 1 h at the

specific hybridization temperature (Thys). The optimal hybridization temperature range was

calculated using the following formulae, whereby Tm = melting temperature:

nn=4982+(041*%GQmmJ-<

600bp

bpprobe

Thyp = Tyn — (20 to 25) = optimal hybridization range

Table 37: Probe size and melting and hybridization temperatures for all Southern blot probes tested in this project

Probe Size (bp) Tm (°C) Thyb (°C)

GLuc F1+R1 510 72.8 53-48

GLuc F2+R2 395 72.3 52 - 47

GLuc F3+R3 145 71.8 49 - 44

GLuc F3+R4 299 71.7 52 - 47
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GLuc F2+R4 221 70.7 56 -51

Puro 382 78.2 58 - 53
Efla-HTLV 430 73.0 53 -48
HTLV 266 73.2 53 -48

The pre-hybridization, hybridization, and post-hybridization steps were carried out with
ready-made supplies from the DIG Wash and Block Buffer Set from Roche and the stringency
buffers (Table 36) according to the manufacturer’s instructions. The pre-hybridization and
hybridization were carried out within the temperature range calculated for each probe (Table
37). After the washing steps, the membrane was placed DNA-side up between two plastic sheet
protectors and 1 ml chemiluminescent substrate (0.25 mM CSPD) was added dropwise to the
blot. Following exclusion of air bubbles from the bag, the membrane was incubated for 10 min

at 37 °C. Finally, luminescence was measured every 30 sec for 45 min.

To strip the blot for future reuse, the membrane was thoroughly rinsed in dH2O. The
membrane was incubated twice in stripping buffer for 15 min at 37 °C and then washed in
2x SSC for 5 min at RT. The hybridization and detection were either repeated at a different

temperature or the membrane was stored in 2x SSC at 4 °C.

2.10 Ligation-mediated PCR

2.10.1 Preparation of gDNA for ligation-mediated PCR

The ligation-mediated PCR protocol was adapted from the method reported by
O’Malley et al, 2007'%. A total of 2.5 ug of gDNA of the SIMA hPOMC-GLuc clone 4 was
digested overnight with either Hindl1l, BspHI, or Asel (Table 38) at 37 °C. The digested gDNA
was purified and concentrated by ethanol precipitation using the protocol described in section
2.7 and resuspended in 20 pl H20. The overhang adapters were annealed and phosphorylated
using the standard protocols (Table 9 and Table 10). The antisense oligonucleotide sequence
was complementary to all three sense oligonucleotides, each lending a unique overhang
designed to match a DNA sequence a specific restriction recognition site (Table 39). The
digested gDNA and the compatible adapter oligonucleotides were ligated using the standard

ligation master mix (Table 11), but the ligation time was conducted overnight at 16 °C.

Table 38: Digestion components of the ligation-mediated PCR. Restriction enzyme X was either HindlI1, BspHI, or Asel.

Reagent Quantity
gDNA 2.5 ug
Restriction enzyme X 5ul

10x fast green buffer 10 ul
dH20 fill to 100 pl
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Table 39: Oligonucleotide sequences used for ligation-mediated PCR. *All three sense oligos pair with the GenRE-Adapt_AS
oligo. S = sense (sequence 5'to 3'), AS = antisense (sequence 3’ to 5’).

Oligonucleotide Sequence

BspHI-Adapt_S CATGCACGTCGAATGCTACATGACACCAGGC
Asel-Adapt_S TACACGTCGAATGCTACATGACACCAGGC
Hindlll-Adapt_S AGCTCACGTCGAATGCTACATGACACCAGGC
GenRE-Adapt_AS* GTGCAGCTTACGATGTACTGTGGTCCG
GLuc-PCR_F GAAGTCTTCGTTGTTCTCGGTGGGC

2.10.2 Preparation of ligation-mediated PCR

The ligation products were diluted in 90 pl H2O and then used as the DNA template in
a PCR reaction using the forward primer GLuc-PCR_F found in the GLuc sequence and using
the antisense adapter oligonucleotide GenRE-Adapt_AS as the reverse primer. In order to
capture possible PCR products with a length of several kilobases, a long-range temperature
gradient program was implemented (Table 40). The standard PCR master mix was prepared
either with or without DMSO, and containing 1 pl ligated DNA template (Table 2). The PCR
products were separated on an agarose gel and visualized with EtBr. The sizes of expected PCR
products can be calculated using the genomic sequence surrounding the AAVS1 safe harbor
locus. Successful digestion and ligation of adapters was expected to yield a PCR product of at
least 3.5 kbp from the Hindlll digestion/ligation, at least 7 kbp from the BspHI
digestion/ligation, and at least 9 kbp from the Asel digestion/ligation. When visible on the gel,
successfully amplified products would be excised and purified and sent to Eurofins for Sanger
sequencing to identify the locus at which the donor DNA was inserted into the genome.

Table 40: Long-range temperature gradient thermocycling program.

Step Temperature (°C) Duration (sec) Number of cycles
Denaturation 98 30 1

Denaturation 98 20

Annealing 55-70 30 45

Extension 72 150

Extension 72 600 1

2.11 Double-control quantitative copy number PCR

The assessment of the insert copy number in each clone was carried out by gPCR. The
primers used in the optimization of this protocol and the final method are found in Table 41.
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Table 41: PCR primer pairs for the double-control quantitative copy number PCR.

Primer name Sequence Product size (bp)
Gaussia luciferase

GLuc_Fprobe3 CCCCTTGATCTTGTCCACCT 209
GLuc_Rprobe4 GCACGCCCAAGATGAAGAAG

Autosomal control gene
hCHOP-F CAGAACCAGCAGAGGTCACA
hCHOP-R AGCTGTGCCACTTTCCTTTC 210

Chromosome X genes

XRBBP7_F AAATTTCACTGACAGGGCCG
XRBBP7_R GGCCATCTCAATTTGTCCCG 264
XGATAL F CTGTTCTGGTAGCCTGTGGA
XGATAL R ACAGTTGAGGCAGGGTAGA 243
xHPRTL_F GGGCTAGACTTTTGAGGGACA
xHPRT1 R AGTCCTAATCGGCCATTACTGA 250
XTMSB15B_F GTTGCTTTCAGTCTCTGCCC
xTMSB158_R GGGTAGCAGCARACTCACAG 244

The control plasmids were created using the hPOMC-GLuc donor plasmid as a
backbone. The sequence encoding Gaussia luciferase was already incorporated in this plasmid.
The sequence encoding a 200 bp fragment of the autosomal gene CHOP was amplified by PCR
using the Phusion polymerase (Table 2), which produces PCR products with blunt ends. After
thermal cycling, the products were separated on an agarose gel, visualized with EtBr, excised
from the gel, and purified as described above. Then, the purified product was phosphorylated
at 37 °C for 30 min with 1 pl T4 PNK reagent in 1x T4 ligation buffer. Next, the plasmid vector
was digested with a single-cutting blunt-end enzyme (Pmll) and dephosphorylated (Table 8).
Finally, the insert and vector were ligated, transformed, and amplified as described in the
section 2.1.1. This plasmid now contained sequences encoding GLuc and a portion of CHOP,
and was once again blunt-end cloned (restriction enzyme Psil) with each of the ChrX genes as
just described. Therefore, four plasmids were prepared for the optimization of this method in
order to contain the sequences for Gaussia luciferase, and partial sequences of the autosomal
gene CHOP and one each of RBBP7, GATAL, HPRT1 or TMSB15B ChrX genes. Hereafter,
these plasmids are referred to by their corresponding ChrX gene name (e.g. the “RBBP7
plasmid” contains the coding sequence for GLuc, a partial sequence of CHOP, and a partial
sequence of RBBP7).
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The “RBBP7 plasmid” was used for the final copy number analyses found in the results
(section 3.4.2) and an example calculation for insert copy number is given below based on this
plasmid. The optimization including the remaining plasmids was calculated in an analogous
fashion. The qPCR plate prepared according to this method contained the control plasmid, the
samples under investigation, and non-template controls for each sequence under investigation:
GLuc, CHOP and RBBP7. Furthermore, control HapMap gDNA samples derived from a female
and a male were included in each plate and analyzed with CHOP and RBBP7 primer sets. These
samples were not included in the GLuc measurement because luciferase is not encoded in the
human genome. All samples were run in triplicate using the master mix described in Table 42
with the standard gPCR thermocycling program (Table 18).

Table 42: gPCR master mix composition for copy number analysis.

Reagent Final concentration
2x Maxima SYBR Green Master Mix 1x

Primer F (10uM) 250 nM

Primer R (10pM) 250 nM

DNA (10 ng/pul) 10 ng

Once Ct values for each sample and sequence were collected, the sample amplification

was normalized to the plasmid amplification within each gene analyzed:

. , . . Ctplasmid—Ctsample
(1) = normalization within gene = 2= P ct _ct .
average (2 plasmid plasmld)

1
(2) = normalization relative to CHOP = ( )Sample(GLuC or RBBP7)/ 1
( )sample (CHOP)

= (Z)GLuc

(3) = normalization relative to RBBP7 2
(2)rBBP7

For these calculations, the primer efficiency was normalized by comparing each gene
of interest with the same plasmid. Furthermore, the normalization relative to CHOP designated
which Ct value, within each sample, equals 2, since autosomal genes possess two alleles. The
secondary normalization to RBBP7 verified that the CHOP normalization results in the ChrX
gene equals 2 in females and 1 in males. Female and male gDNA were always included as a

positive control during qPCR analyses.
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2.12 Gene expression analysis

2.12.1 RNA extraction and reverse transcription

For gene expression analysis, RNA extraction was carried out with the ReliaPrep RNA
Tissue Miniprep System (Promega) according to manufacturer’s instructions. This kit is
optimized for extractions of low-concentration RNA, which typical of motor neuron samples.
RNA concentrations were measured with a NanoDrop. For “low concentration” samples with
RNA concentrations less than 100 ng/ul, all available sample was included in the RT-PCR; for
“high concentration” samples with concentrations greater than 100 ng/ul, a total of 2 pg RNA
was reverse transcribed. Mix A was prepared for each RNA sample (Table 43) and run
according to part A of the thermocycling protocol (Table 44). Next, mix B (Table 43) was added
to each sample and the RT-PCR was carried out according to part B of the thermocycling

program (Table 44).

Table 43: Reagent components for reverse transcription of RNA to cDNA.

Reagent Final concentration Volume (ul)
Mix A

Oligo (dt) 18 (500ng/ul) 500 ng 1

RNA upto 2 pg

Nuclease-free H20 fill to 13
Mix B

5% Buffer RT 1x 4

dNTPs (10 mM) 1mM 2

Reverse Transcriptase (200U/pul) 200U 1

or
Revert Aid M-MUL (H-Minus) (200U/ul) ' 200 U 1

Table 44: Parts A and B of RT-PCR thermocycling program.

Step — Part A Temperature (°C) Duration (sec)
Poly(A) annealing 70 300

Reaction termination 4 300

Step — Part B Temperature (°C) Duration (sec)
Primer extension 25 600

cDNA synthesis 42 150 minutes
Reaction termination 70 600
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2.12.2 cDNA preparation and gPCR

To prepare the cDNA samples for gPCR, the “high RNA concentration samples” (see
above) were diluted to 4.4 ng/ul each. Conversely, the “low RNA concentration samples” (see
above) were diluted 4 parts cDNA to 45 parts H>.O. The GLuc sequence and genes whose
expressions are associated with iPSCs and MNs were amplified by gPCR (primers and
corresponding product sizes in Table 45). The g°PCR master mix for the gene expression
measurement is described in Table 46 and the two thermocycling programs used are described
in Table 47 and Table 18. The housekeeping genes PPIA and RPS23 and the MN expression
markers were amplified using the thermocycling program found in Table 47. The cDNA
including GLuc and the genes associated with pluripotency was amplified using the
thermocycling program found in Table 18. Samples were run in triplicate and analyzed with the
248Ct (delta delta cycle threshold) method using the geometric mean'® of expression of the
reference genes PPIA and RPS23. The formula to calculate the relative fold gene expression
against the reference sample is as follows, whereby goi =gene of interest, and ref

gene = reference gene:

2 Ct goicontrol—Ct goisample

ZCt ref genecontroi—Ct ref genesgmple

Statistical differences in gene expression were analyzed using the unpaired 2-tailed t-test at

95% confidence level, in GraphPad Prism.

Table 45: Primers used for gene expression analysis of Gaussia luciferase, and genes associated with pluripotency and motor
neurons. Sequences and product sizes are specified for each amplicon.

Primer name Sequence Product size (bp)
Reference genes
PPIA_F GCCAAGACTGAGTGGTTGGAT
PPIA R GGCCTCCACAATATTCATGCC s
RPS23 F ACAGGATGGGCAAGTGTCGT
RPS23 R CACTTCTGGTCTCGTCGGTG 70
Gaussia luciferase expression
GLuc_Fprobe3 CCCCTTGATCTTGTCCACCT 299
GLuc_Rprobe4 GCACGCCCAAGATGAAGAAG
Pluripotency expression
goctd_F CGAGAAGGATGTGGTCCGAG 213
goctd R GGGAAAGGGACCGAGGAGTA
gNANOG _F TGAGTGTGGATCCAGCTTGT 284
gNANOG_R TTTCTTGACCGGGACCTTGT
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qLIN28A F TGTAAGTGGTTCAACGTGCG

gLIN28A R TGTCTCCTTTTGATCTGCGC 283
hSOX2_F TGGACAGTTACGCGCACAT
hSOX2_R CGAGTAGGACATGCTGTAGGT 100
Motor neuron marker expression
OLIG2_F TATAGATCGACGCGACACCAG
OLIG2 R GGACCCGAAAATCTGGATGC 93
HB9 F GAGACCCAGGTGAAGATTTGGT
HB9 R GCTCTTTGGCCTTTTTGCTGC 70
ISLET1 F GGATTTGGAATGGCATGCGG
ISLET1 R CATTTGATCCCGTACAACCTGA 135
CHAT_F AAGGAGTAGGAGCCGAGCAT
CHAT R CACCCGAATTTCCAGAGGTCG ”
Table 46: Master mix for gene expression analysis with SYBR green.
Reagent Final concentration
2x Maxima SYBR Green Master Mix 1x
Primer F (10uM) 250 nM
Primer R (10uM) 250 nM
DNA (4.4 ng/ul) 20 ng
Table 47: Thermocycling protocol for gene expression in MNs

Step Temperature (°C) Duration (sec) Number of cycles
Denaturation 95 600 1
Denaturation 95 10 40
Annealing 67.5 30

95 10 1
Melting curve 65 5 1

95 Ramp up from 65 °C

2.13 Differential centrifugation

Cultured cells were prepared for differential centrifugation according to a protocol
adapted from Yu et al, 2013%%2, The instructions to prepare the subcellular fractionation buffer
(SF buffer) and the nuclear lysis buffer (NL buffer) are found in Table 48 and Table 49,
respectively. An aliquot of cell culture medium in which the cells were cultivated was removed
and the total volume of medium was recorded for later luciferase activity quantification. The
temperature-sensitive and time-sensitive buffer components were added shortly before starting
the centrifugation process. Cells were washed twice with ice-cold PBS and while on ice, 500 pl

of SF buffer was immediately added into each 100 mm plate. If multiple samples were
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collected, one sample was processed at a time. Then, the homogenates were transferred to a
1.5 ml tube and were agitated at 4 °C for 30 min at 30-50 rpm on a tube roller and then
centrifuged at 720 x g at 4 °C for 5 min. The supernatant (S1) was carefully transferred to a
new 1.5 ml tube. Next, the pellet (P1) was washed with 500 ul of SF buffer and resuspended
with a pipette. An aliquot was removed to measure activity (P1). Then, the sample was
centrifuged at 720 x g at 4 °C for 10 min.

The supernatant (S2) was removed and the pellet was resuspended in 500 pl NL buffer.
The sample was transferred to a homogenization glass was homogenized using the Potter
homogenizer by moving the glass up and down for 20 strokes at 3000 rpm. The homogenate
was incubated at 4 °C for 15 min. An aliquot of this sample was removed to measure luciferase
activity (P2). Then, the sample was centrifuged at 10,000 x g at 4 °C for 10 min. The
supernatant (S3) was carefully transferred to a new 1.5 ml tube and an aliquot was removed to
measure luciferase activity. S3 corresponds to the cytosolic and membrane fraction. Next, the
pellet (P3) was resuspended in 500 pl SF buffer to measure luciferase activity. The supernatant
(S3) was centrifuged in an ultracentrifuge at 100,000 x g at 4 °C for 1 h. The supernatant (S4)
was carefully transferred to a new 1.5 ml tube. S4 corresponds to the cytosolic fraction. Then,
the pellet was washed with 500 ul of SF buffer and resuspend by pipetting, an aliquot was
removed to measure luciferase activity (P4). Finally, the resuspended pellet was
ultracentrifuged at 100,000 x g at 4 °C for 1 h. The supernatant (S5) was removed and the pellet
was resuspended in NL buffer (P5).

The luciferase activity and protein concentration were measured in P1 - P5 and S1 - S5.
The luciferase activity was measured as described in section 2.5 and corrected for specific
activity by normalization to the sample’s protein concentration. The protein concentration was
determined by the Bradford method*%*% and absorption values were measured at 595 nm with
the FLUOstar Omega microplate reader. Each aliquot was diluted 1:7 with dH20. Next, 10 pul
of diluted sample was mixed with 90 pl Bradford reagent and the concentration of each sample
was calculated against a standard BSA dilution series. The relevant measurements of this assay
are the specific luciferase activities in the cellular debris (aliquot P1), the cytosolic fraction

(aliquot S3), and the membrane fraction (aliquot P5).

Table 48: Composition of subcellular fractionation buffer for subcellular fractionation.

Reagent Final concentration 1x solution
Sucrose 250 mM 428 g
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HEPES (pH 7.4, [1 M]) 20 mM 1ml

KCI 10 mM 0.0373 g
MgCl2 [1 M] 1.5 mM 75 ul
EDTA [0.5 M] 1 mM 100 pl
EGTA [0.5 M] 1mM 100 pul
H20O fill to 50 mi
At time of use add the following into 10 ml of SF buffer:

DTT [1 M] 1 mM 10 ul

PI1 cocktail [40x] 1x 250 ul

Table 49: Composition of nuclear lysis buffer for subcellular fractionation.

Reagent Final concentration  1x solution
Tris HCI (pH 8, [1 M]) 50 mM 2.5 ml
NaCl [1 M] 150 mM 7.5 ml
NP-40 [20 %] 1% 2.5 ml
Sodium deoxycholate [10 %] 0.5% 2.5 ml
SDS [10 %] 0.1% 0.5 ml

At time of use add the following into 10 ml of NL buffer:

PI cocktail [40x%] 1x 250 ul
Glycerol [10%] 1% 1ml

2.14 Immunofluorescence

2.14.1 Cell treatments

Standard staining protocol

Cells were plated on cover slips in 24-well plates with a surface coating of Matrigel
(iPSCs or iPSC-derived cells) or 1x PLL (SIMA) and cultivated under standard conditions at
37 °C and 5 % CO3 (see section 2.3.1) After the cells had adhered to the plate, they were fixed
with 4 % paraformaldehyde for 10 min at RT. All subsequent steps, except for the primary
antibody incubation, were performed on a rocking device. The coverslips were washed 3x for
10 min in PBS. The coverslips were either stored in PBS at 4 °C or the IF protocol was
continued immediately. The cells were permeabilized in 0.25 % PBS-T for 10 min at RT. The
permeabilization buffer was aspirated and the cells were blocked in blocking solution for
60 min at RT. The primary antibodies were diluted in blocking solution according to Table 50.
In order to reduce antibody usage, the coverslips were removed from the 24-well plate and
incubated, cell-side down, in 25 ul antibody dilution ON at 4 °C. The next day, the cover slips
were transferred back into 24-well plates, cell-side up, and excess antibodies were removed by
washing 3x for 10 min in PBS. The secondary antibodies were diluted in blocking solution
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according to Table 50 and incubated at RT for 1 h. This step and all subsequent steps were
carried out in the dark to protect the fluorescent tags. The secondary antibody solution was
aspirated and the cells were incubated in 300 nM DAPI, diluted in PBS, for 5 min. The cover
slips were then washed 3x for 10 min in PBS. The cover slips were mounted on glass
microscope slides using 3.2 pl Vectashield Fluorescence Mounting Medium and sealed by
applying clear nail polish to the perimeter of the cover slip.

Table 50: Primary and secondary antibodies used in immunofluorescence.

Antibody target (host) Dilution
Primary antibodies
Gaussia luciferase (NEB) (rabbit) 1:1000
Gaussia luciferase (SC) (rabbit) 1:50
Golgi97 (mouse) 1:50
Leptin HPA (Golgi apparatus) 5 pg/mi
GM130 (mouse) 1:250
Chromogranin A (CgA) (goat) 1:50
Secretogranin 11 (Sgll) (rabbit) 1:1000
Chromogranin A (CgA) (mouse) 1:100
Secretogranin Il (Sgll) (mouse) 1:500
Synaptophysin (Syp) (mouse) 1:200
GAPDH (mouse) 1:50
Isletl (mouse ab86501) 1:500
Isletl (mouse ab86472) 1:200
Secondary Alexa-fluor labelled antibodies
Anti-mouse 488 1:1500
Anti-rabbit 488 1:750
Anti-rabbit 568 1:1000

Table 51: Buffers used in immunofluorescence.

4 % Paraformaldehyde

PFA 40 g
PBS fill to 1000 ml
Adjust to pH 6.9

Permeabilization buffer

Triton-X 0.25%
in PBS
Immunofluorescence Blocking solution
FCS 5%
BSA 1%
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Triton-X 0.25 %
in PBS

Alternative Golgin-97 staining protocol

Cells were fixed in 2% PFA and then washed twice in 120 mM NaxHxPO4, pH 7.4 and
twice in high-salt PBS (0.1% Triton X-100, 150 mM NaCl and 3.3 mM NaxHxPO4, pH 7.4 in
PBS). Cells were blocked in goat serum dilution buffer (GSDB; 10% goat serum, 150 mM
NaCl, 6.6 mM NaxHxPO4 and 0.1% Triton X-100 in PBS) for 20 min and then primary
antibodies diluted in GSDB were incubated with cells for 1 h at RT. Cover slips were washed
three times in high-salt PBS for 10 min and secondary antibodies diluted in GSDB were
incubated with cells for 1 h at room temperature. Prior to mounting, cells were washed twice in
high-salt PBS for 5 min and twice in 120 mM NaxHxPO4 for 5 min (protocol communicated

by Dr. Michael Krauss, Leibniz-Forschungsinstitut fir Molekulare Pharmakologie).

Lectin HPA protocol
Cells were fixed in 4 % PFA and washed three times in PBS. Cells were permeabilized
in 0.25 % PBS-T for 5 min at RT and then incubated for 15 min in 5ug/mL of Lectin HPA

Alexa Fluor R 647 conjugate to visualize the Golgi apparatus.

2.14.2 Image acquisition

Images of cells were taken with a Leica DM6 B with a CTR6 LED, using an HC Plan
APO 20x%/0.70 objective and an HC PL APO 63x/1.40-0.60 oil objective. Confocal microscopy
was carried out on a Zeiss LSM 780 T-PMT Observer.Z1 inverted modular microscope using
the Plan-Apochromat 63x / 1.40 Oil DIC M27 objective. The lasers used were the 405 nm Diode
laser, and the 488 nm and 543 nm Argon lasers. Z-stack scans through the cell were taken
through the ZEN 2012 SP5 program.

2.14.3 Colocalization analysis

Cell images were compiled and analyzed using Fiji (Fiji Is Just ImageJ)*%. The GLuc
localization confirmation can be carried out with immunofluorescence and the colocalization
analysis carried out using high resolution stacked images taken with a confocal microscope.
The colocalization was analyzed by selecting small regions within the image where the
naturally occurring protein can be identified and then measuring the fluorescence levels through

the image stack in this section of both the naturally occurring protein and GLuc (selected

71
Section 2.14



regions are marked with arrows on each image overlay (sections 3.4.3 and 3.9.3)). The graphical
analysis was done with the Plot Z-axis Profile function of Fiji, whereby the two fluorescence
intensities through a section of the cell were plotted against each other as a function of distance
along the Z-axis. The Pearson’s correlation coefficient, corrected for mean intensity values of
both fluorescence channels by the overlap coefficient, k1, and k2% (termed overlap
coefficient), was calculated in the same section of the cell that was previously analyzed in the
Z-axis plot using the Fiji plugin JACoP®2. Statistical significance of the difference between two
correlation coefficients was calculated using the unpaired 2-tailed t-test at 95% confidence

level, in GraphPad Prism.

2.15 Luciferase release assay

In preparation for the luciferase release experiment the appropriate wells in the 96-well
plates were coated with either 1x PLL for SIMA cells or Matrigel for iPSCs and iPSC derived
cells. In the MoN-Light BoNT assay, cells were incubated with 100 pM BoNT/A for 48 h at
37 °C before incubating the cells in control/stimulation buffers (Na*-HBS and K*-HBS buffers,
respectively Table 52). The luciferase release assay was carried out with the following steps:
the medium was aspirated off the cells which were washed once with fresh medium. The fresh
medium was aspirated and the cells were incubated for 10 min at 37 °C in fresh medium. The
medium was aspirated and 100 pl of appropriate control or depolarization buffer was added to
cells. APOMC-GLuc SIMA cells were incubated for 3 min at 37 °C with the test buffers; iPSC-
derived hPOMC-GLuc and no tag GLuc motor neurons were also incubated for 3 min at 37 °C;
iIPSC-derived VAMP2-GLuc motor neurons were incubated for 2 h at 24 °C. The buffer
supernatants were transferred to 1.5 ml tubes, which were centrifuged for 5 min at 2000 rpm to
remove any cell debris and the clean supernatant was transferred to new tubes. Next, 20 ul of
the clean supernatant was transferred to a white-walled white-bottomed 96-well plate for
luciferase activity detection. The luminescence in the supernatant of the cells exposed to each
buffer was measured over 9.9 s with automatic injection of 100 ul coelenterazine as described
in section 2.5. The background luminescence of the GLuc-expressing cells that remained on the
white-walled clear-bottomed 96-well growth plates was also measured with the automatic

injection of 100 ul coelenterazine, which was used as the “lysate” measurement.

Table 52: Components of the standard Na*-HBS (control) and K*-HBS (depolarization) buffers. [nM] = concentration in
millimolar

Na*-HBS buffer [mM] Component K*-HBS buffer [mM]
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20
136
4.7
1.25
1.25

HEPES, pH 7.4
NaCl
KCI
CaCl2
MgSO.

20

40.7
100
1.25
1.25

For each supernatant and lysate sample, the luminescence data was calculated using the

mean of 89 luminescence unit (LU) readings from 1 - 9.9 sec. For each well, mean supernatant

LU was divided by mean lysate LU to normalize any potential variations in luciferase

expression. For the IMR90-4 VAMP2-GLuc analyses, this normalized value was multiplied by

100 to determine the luciferase release as the percentage of lysates. For the IMR90-4 hPOMC-

GLuc analyses, each sample’s LU value was expressed as the percentage difference of the

average normalized Na*-HBS and K*-HBS values for all samples. Finally the average and

standard deviation of triplicate samples was calculated. Statistical significance of differences in

luciferase activity among the conditions tested were determined by t-test using the Holm-Sidak

method in GraphPad Prism. Statistical significance of difference in luciferase activity among

individual clones, regardless of buffer treatment were analyzed by two-way ANOVA, and

Sidak’s post-hoc multiple comparison test was applied.
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3 Results

3.1 Production of CRISPR/Cas9 nuclease and donor plasmids

The specific cloning of plasmids was carried out according to the protocol in the
Materials and Methods section 2.1. The CRISPR/Cas9 gene editing was applied in SIMA
neuroblastoma cells and IMR90-4 iPSCs through co-transfection of two unique plasmids. The
first is the eSpCas9(1.1) AAVS1-T2 plasmid, a ligated product of the eSpCas9(1.1) plasmid
and annealed oligonucleotides coding for the AAVS1-T2 gRNA. The second is the pAAVS1-
P-MCS donor plasmid, consisting of the homology arms matching the sequence flanking the
AAVS1 safe harbor locus, and between these two arms the DNA sequence to be integrated into

the genome. All cloned sequences can be found in the Appendix 6.3.

3.1.1 Integration of eSpCas9(1.1) plasmid with AAVS1-T2 gRNA

The sequence encoding the AAVS1-T2 gRNA was produced by annealing two inverse
complementary oligonucleotides that contained non-complementary sequences to produce 5’
and 3’ overhangs pertaining to Bbsl digested double-stranded eSpCas9(1.1) plasmid DNA.
Next, the annealed AAVS1-T2 oligonucleotides were ligated into the linear Bbsl digested
eSpCas9(1.1) plasmid. All picked clones were shown by PCR to have incorporated the sgRNA
segment, plasmids 1-3 were sent for Sanger sequencing (Figure 23). Sequences 1 and 3 were
100% identical to the expected sequence and in the correct orientation. The sequence analysis
of plasmid 2 contained too many ambiguities to confirm the correct insertion (see Appendix,
6.4.1). Plasmid eSpCas9(1.1) _AAVS1-T2 #1 was therefore maxi-prepped and used for all

subsequent experiments.
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Figure 23: Integration of eSpCas9(1.1) plasmid with AAVS1-T2 gRNA. Upper panel: History of the cloning method from
eSpCas9(1.1) to eSpCas9(1.1)_AAVS1-T2 and plasmid map of the Cas9 plasmid with the integrated AAVS1-T2 gRNA sequence.
Lower panel: Gel confirmation of sgRNA (gRNA) sequence integration in the eSpCas9(1.1) plasmid. Expected product size
255 bp; Primers: Forward eSpCas9_gRNA_F-seq; Reverse AAVS1 T2_eSpCas9_AS; sequencing: eSpCas9_gRNA_F-seq.

3.1.2 Production of pAAVS1-P-MCS donor plasmids
Two plasmids from the pAAVS1-P-MCS donor backbone were prepared in parallel
with two different promoters, the Efl o promoter and the Ef1-HTLV promoter.

3.1.2.1 pAAVS1-P-MCS with human Efla promoter

The human Efla promoter has been shown to be a strong and consistent promoter active
in many cell types, even post-differentiation'®”-1%. The promoter sequence was amplified from
gDNA of human origin using flanking primers with 5’ overhangs corresponding to the Spel and
Pacl restriction enzyme recognition sites. The promoter product and the pAAVS1-P-MCS
backbone were digested with the Pacl and Sall restriction enzymes and then ligated together.
The insertion of the promoter into the plasmid was verified by digestion of the plasmid with the

same restriction enzymes. The expected product sizes were 5.5 kbp and 1.5 kbp. Plasmids 1, 3,
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5, and 6 all appear to have the promoter ligated into the plasmid backbone (Figure 24). Only
the plasmid #1 was sent for Sanger sequencing, with sequencing primers flanking either side of
the Efla segment, to allow the entire sequence to be controlled, despite its size. The promoter
was confirmed by Sanger sequencing to be inserted in the correct orientation and to be 100 %
identical to the expected sequence. The plasmid was maxi-prepped and used as a backbone for
the subsequent Ef1a-hPOMC-GLuc plasmid (see Appendix, 6.4.2).

Sall - [M13 fwd

TE&-V” L
AMPR promogg,.

Pacl

(5561) HincII Y
AAVS1_Efla (5560) AccI > _ff
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( (5190) Sph
INSERT|Replace Insert
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1575 bp (3983) Spel
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Figure 24: pAAVS1-P-MCS with human Efla promoter. Upper panel: History of the cloning method from pAAVS1-P-MCS to
pAAVS1 _Efla and plasmid map of the donor plasmid with the Efla promoter. Lower panel: Gel of digested mini-prepped
clones. Expected product sizes of the digested plasmid are 5.5 kbp and 1.5 kbp.

3.1.2.2 pAAVS1-P-MCS with Ef1-HTLV promoter

The DNA sequence of the second promoter plasmid, Ef1-HTLV, was selectively
amplified from the pNiFty3-SEAP plasmid (now called pUNO®’) using flanking primers with
5’ overhangs corresponding to the Spel and Pacl restriction enzyme recognition sites. The

promoter sequence and the pAAVS1-P-MCS backbone were digested with the Pacl and Sall
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restriction enzymes and then ligated together (upper panel Figure 25). A selection of the
resulting clones were digested with the restriction enzymes Pacl and Sall. Only plasmids 5 and
6 contained an insert of the expected size of 5.5 kbp (Figure 25). Sanger sequencing of plasmid
5 (coded as 43EH18) revealed that the promoter was inserted in the correct orientation and the
sequence was 100 % identical to the expected sequence, whereas plasmid 6 (coded as 43EH17)
contained a mutation (Appendix, 6.4.3). Plasmid 5 was maxi-prepped and all subsequent

tagged-GLuc plasmids were constructed with this backbone.
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Figure 25: pAAVS1-P-MCS with Ef1-HTLV promoter Upper panel: History of the cloning method from pAAVS1-P-MCS to
pAAVS1_Ef1-HTLV and plasmid map of the donor plasmid with the Ef1l-HTLV promoter. pAAVS1_Ef1-HTLV was the
backbone for all subsequent GLuc-expressing plasmids. Lower panel: Gel of digested mini-prepped clones. Expected product
sizes of the digested plasmid are 5.5 kbp and 500 bp.

3.1.2.3 hPOMC-GLuc donor plasmids

The hPOMC-GLuc fusion sequence was amplified using the recently described
PcDNA3-hPOMC1-26-GLuc plasmid? as a template and flanking primers with 5> overhangs
corresponding to the Spel and Pacl restriction enzyme recognition sites. The resulting PCR
product was digested with Spel and Pacl and was cloned in parallel into both the pAAVS1-P-
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MCS Efla backbone (Figure 26) and the pAAVS1-P-MCS Ef1-HTLV backbone (Figure 27)
cleaved beforehand with Spel and Pacl.

pAAVS1-P-MCS Eflo. hPOMC-GLuc

The plasmids extracted from the picked clones were digested with Ncol, a restriction
enzyme recognition sequence that occurs twice in the hPOMC-GLuc construct, but not in the
Efla hPOMC-GLuc backbone. The expected fragment sizes of 350 bp and 7.05 kbp were
identified in clones 3, 4, and 6, which were sent for sequencing (lower panel Figure 26). Sanger
sequencing revealed that the inserts were in the correct orientation and no mutations were
incorporated during the PCR amplification (Appendix, 6.4.4). Plasmid 3 was maxi-prepped and
used for all subsequent transfections.
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Figure 26: pAAVS1-P-MCS_Efla with hPOMC-GLuc Upper panel: History of the cloning method from pAAVS1-P-MCS to
pAAVS1 _Eflo. hPOMC-GLuc and plasmid map of the pAAVSI _Efla. _hPOMC-GLuc donor plasmid. Lower panel: Gel of
digested mini-prepped clones. Expected product sizes of the digested plasmid are 7 kbp and 350 bp.

pAAVS1-P-MCS Ef1-HTLV hPOMC-GLuc

The plasmids extracted from the picked clones were also digested with Ncol, a
restriction enzyme recognition sequence that occurs twice in the hPOMC-GLuc construct, but
not in the Ef1-HTLV hPOMC-GLuc backbone. The expected fragment sizes of 350 bp and
5.9 kbp were identified in all digested plasmids (lower panel Figure 27). In plasmids 1, 2 and
3, Sanger sequencing revealed that the inserts were in the correct orientation and no mutations
were incorporated during the PCR amplification (Appendix, 6.4.5). Plasmid 2 was maxi-

prepped and used for all subsequent transfections.
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Figure 27: pAAVS1-P-MCS_Ef1-HTLV with hPOMC-GLuc Upper panel: History of the cloning method from pAAVS1-P-MCS
to pAAVS1_Ef1-HTLV_hPOMC-GLuc and plasmid map of the pAAVS1_Ef1-HTLV_hPOMC-GLuc donor plasmid. Lower
panel: Gel of digested mini-prepped clones. Expected product sizes of the digested plasmid are 5.9 kbp and 350 bp.

Transient transfection of Efla and Ef1-HTLV hPOMC-GLuc plasmids in SIMA cells

Upon transient transfection of SIMA neuroblastoma cells with the Efla and Ef1-HTLV

hPOMC-GLuc donor plasmids, no luciferase activity was detected in cells transfected with the
Eflo promoter-based plasmid, whereas cells transfected with the Ef1-HTLV hPOMC-GLuc did
express luciferase (Figure 32). It was assumed that the expression under control of the Efla

promoter was inefficient, so this construct was no longer used and only the pAAVS1-P-MCS

Ef1-HTLV promoter construct was used for downstream cloning and in the rest of this project.
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3.1.2.4 Additional donor plasmids with pAAVS1-P-MCS Ef1-HTLV backbone

no tag GLuc donor plasmid

The no tag GLuc sequence was amplified from the pcDNA3-hPOMC1-26-GLuc
plasmid described above using flanking PCR primers with 5’ overhangs corresponding to the
Spel and Pacl restriction enzyme recognition sites, excluding the hPOMC sorting signal. The
PCR product was digested with Spel and Pacl and cloned into the pAAVS1-P-MCS Ef1-HTLV
donor plasmid backbone cleaved with the same restriction enzymes (upper panel Figure 28).
The plasmids extracted from the picked clones were digested with Spel and Pacl restriction
enzymes. The expected fragment sizes of 5.9 kbp and 515 bp were identified in all clones except
clone 5 (Figure 28 lower panel). In clones 1, 3, and 7 Sanger sequencing revealed that the insert
sequences were in the correct orientation and that no mutations were incorporated during the
PCR amplification (Appendix, 6.4.6). Clone 3 was chosen for expansion and maxi-prep, and

this plasmid was used for all relevant transfections.

81
Section 3.1



pAAVS1-P-MCS no tag GLuc
6509 bp

{ INSERT]

FRAGMENT|Spel (3983) — Pacl (3994) Spel (1) — Pacl (526)

Replace Tnsert

Spel Pacl
pAAVS1-P-MCS no tag GLuc

GLuc 6500 bp
529 bp '

AAVS1_Ef1-HTLV

5995 bp
INSERT Replace Insert
FRAGMENT |pacl (3994) — Sall (4006) Pacl (5) — Sall (508)

efl-htlv
513 bp

pPAAVS1-P-MCS
5504 bp

6000bp —

1000bp —

500bp —

Figure 28: pAAVS1-P-MCS_Ef1-HTLV with no tag GLuc Upper panel: History of the cloning method from pAAVS1-P-MCS
to pAAVS1_Ef1-HTLV no tag GLuc and plasmid map of the pAAVS1_Ef1-HTLV no tag GLuc donor plasmid. History and
plasmid maps were created with SnapGene. Lower panel: Gel of digested mini-prepped clones. Expected product sizes of the
digested plasmid with Spel and Pacl are 5.9 kbp and 515 bp.

CgA-GLuc donor plasmid

The CgA-GLuc fusion sequence was amplified using the recently described pcDNA3-
hSCgA-GLuc plasmid® as a template and flanking PCR primers with 5’ overhangs
corresponding to the Spel and Pacl restriction enzyme recognition sites. The resulting product
was digested with Spel and Pacl and was cloned into the pAAVS1-P-MCS Ef1-HTLV
backbone cleaved with Spel and Pacl (upper panel Figure 29). The plasmids extracted from the

picked clones were digested with Spel and Pacl restriction enzymes. The expected digestion
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products of 5.9 kbp and 1.9 kbp were identified in all plasmids (lower panel Figure 29). In
clones 1, 2, and 3, Sanger sequencing revealed that the insert sequences were in the correct
orientation and no mutations were incorporated during the PCR amplification (Appendix,

6.4.7). Plasmid 3 was expanded, maxi-prepped and used for all subsequent experiments.
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Figure 29: pAAVS1-P-MCS_Ef1-HTLV with CgA-GLuc Upper panel: History of the cloning method from pAAVS1-P-MCS to
pAAVS1_Efl-HTLV_CgA-GLuc and plasmid map of the pAAVS1_Ef1-HTLV_CgA-GLuc donor plasmid. Lower panel: Gel of
digested mini-prepped clones. Expected product sizes of the digested plasmid with Spel and Pacl are 5.9 kbp and 1.9 kbp.

Sgll-GLuc donor plasmid
The SglI-GLuc fusion sequence was amplified using the recently described pcDNA3-

hSgll-GLuc plasmid? as a template, using flanking PCR primers with 5’ overhangs

corresponding to the Spel and Pacl restriction enzyme recognition sites. The resulting product
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was digested with Spel and Pacl and was cloned into the pAAVS1-P-MCS Ef1-HTLV
backbone cleaved with Spel and Pacl (upper panel Figure 30). The plasmids extracted from the
picked clones were digested with Spel and Pacl restriction enzymes. The expected digestion
products of 5.9 kbp and 2.4 kbp were identified in all picked plasmids (lower panel Figure 30).
In clones 1, 2, and 3, Sanger sequencing revealed that the insert sequences were in the correct
orientation, however an A>G mutation was found at base 58 of the Sgll sequence in all three
Sgll-GLuc plasmids. The base is marked in red in the sequencing alignments (Appendix, 6.4.8).
This base change has no effect on the protein coding, so plasmid 3 was expanded, maxi-prepped

and used for all relevant experiments.
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Figure 30: pAAVS1-P-MCS_Ef1-HTLV with Sgll-GLuc Upper panel: History of the cloning method from pAAVS1-P-MCS to
pAAVS1 Ef1-HTLV_Sgll-GLuc and plasmid map of the pAAVS1_Ef1-HTLV_Sgll-GLuc donor plasmid. Lower panel: Gel of
digested mini-prepped clones. Expected product sizes of the digested plasmid with Spel and Pacl are 5.9 kbp and 2.4 kbp.

VAMP2-GLuc donor plasmid

The VAMP2-GLuc donor plasmid contains the sequences coding for a fusion protein of
VAMP2, a TEV protease recognition sequence, and no tag GLuc. The open reading frame of
VAMP2 was amplified from OriGene plasmid RC207533% using flanking primers with 5
overhangs corresponding to Pacl and Kpnl. The TEV protease recognition sequence segment
was constructed by annealing two inverse complementary oligonucleotide sequences with a 5’
overhang imitating a digested Kpnl restriction site and a 3* overhang imitating a digested EcoRI
restriction site. The no tag GLuc sequence was amplified from the no tag GLuc donor plasmid
described above using flanking primers with 5* overhangs corresponding to Spel and EcoRl.
The PCR products were digested with their corresponding restriction enzymes and the three
segments were ligated together. The ligation reaction was amplified in a PCR reaction using
the VAMP2 flanking primer with the 5° overhang for Pacl and the GLuc flanking primer with
the 5 overhang for Spel. The PCR reaction was run on an agarose gel and the correctly sized
PCR product of 900 bp was extracted. The VAMP2-TEV-GLuc fusion sequence was digested
with the restriction enzymes Spel and Pacl and cloned into the pAAVS1-P-MCS Ef1-HTLV
backbone cleaved with Spel and Pacl (upper panel Figure 31). The plasmid was extracted from
the single clone resulting from this transformation and was digested with Spel and Pacl. The
expected fragment sizes of 5.9 kbp and 900 bp were identified (bottom panel Figure 31). Sanger
sequencing of this plasmid confirmed that all three components of the VAMP2-TEV-GLuc
fusion were present and in the correct orientation with no mutations incorporated during the
PCR (Appendix, 6.4.9). This plasmid was expanded, maxi-prepped, and used for all relevant

experiments.
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Figure 31: pAAVS1-P-MCS_Ef1-HTLV with VAMP2-GLuc Upper panel: History of the cloning method from pAAVS1-P-MCS
to pAAVS1_Ef1-HTLV_VAMP2-TEV-GLuc. Lower panel: Plasmid map of the pAAVS1_Ef1-HTLV_VAMP2-TEV-GLuc donor
plasmid and gel of digested mini-prepped clone. Expected product sizes of the digested plasmid with Spel and Pacl are 5.9 kbp

and 900 bp.

3.1.3 Transfection with CRISPR/Cas9 and transient luciferase expression

The plasmids described above were used to co-transfect either SIMA neuroblastoma
cells or IMR90-4 iPSCs. The eSpCas9(1.1) AAVS1 T2 plasmid was always part of the co-
transfection, while the donor plasmid included in the transfection was dependent on the goal of

the experiment and the desired sorting tag. The transient and stable transfection methods are

described in section 2.4.
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The transient transfection is an important first step to verify that the plasmid
construction successfully induced GLuc expression. As mentioned above, SIMA cells
transfected with the Eflo hPOMC-GLuc plasmid did not express GLuc and therefore no
luciferase activity was detected in the lysates, indicating a problem with the Efla promoter. On
the other hand, the lysates of the SIMA cells transfected with the Ef1-HTLV hPOMC-GLuc
plasmid contained high luciferase activity. All remaining donor plasmids described above with
the Ef1-HTLYV promoter could be used to produce clones transiently expressing GLuc (Figure
32). Luciferase levels in the lysate were only measured once. The differences in luciferase
activity between each transfection was likely due to transfection efficiencies and not to the
inherent properties of the constructs.

luciferase activity in selected
transiently transfected cells

250000
200000
150000
100000

50000

Luciferase activity (AU)

Figure 32: Luciferase activity in transiently transfected cells, n=1. SIMA/IMR90-4 cells were incubated with the transfection
medium including transfection reagent and the appropriate donor DNA plasmid for 48 hours. Treated cells were collected,
lysed, and their luciferase activity was measured by luminescence.

3.1.4 Post antibiotic selection — stable luciferase expression

Cells prepared for stable transfection were incubated post-transfection with the
antibiotic puromycin to select those clones which had stably integrated the donor DNA,
including the puromycin resistance gene, into their genome. The permanent expression of
luciferase in the clones selected for the stable integration of the donor DNA in their gDNA is
absolutely essential for the functionality of the MoN-Light BoNT assay. Therefore, as the
clones with putative stable integrations of donor DNA divided and grew, it was necessary to
confirm that these clones actually expressed luciferase by measuring its activity in cell lysates
before proceeding. Cell lysates were collected when the clone reached 50-70 % confluency,
whereby 70 % of the cells were split for clone expansion and the remaining 30 % of the cells

were lysed and luciferase activity was measured. Almost all the isolated CRISPR-modified
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SIMA hPOMC-GLuc clones expressed GLuc with luciferase activity levels ranging from
several thousand AUs to almost 1,000,000 AUs. However, clones 26 and 31 apparently
expressed little to no luciferase, as the activity measured in these lysates was similar to the
blank measurement, indicating that the GLuc donor DNA may not have integrated into the
gDNA of these clones (Figure 33).
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Figure 33: Luciferase activity in lysates of SIMA hPOMC-GLuc clones, n=1. SIMA cells were incubated with the transfection

medium including Turbofect, the eSpCas9(1.1) AAVS1_T2, and the AAVS1-P-MCS hPOMC-GLuc donor plasmid for 48 hours.
Post-puromycin selection, isolated cells were collected, lysed, and their luciferase activity was measured by luminescence.

Luciferase activity could also be measured in almost all the lysates of the IMR90-4
hPOMC-GLuc clones. The exception was clone 3, in which only a slightly higher luciferase
activity could be detected than the blank. Otherwise, the luciferase activity measured from the
remaining clones ranged from approximately 50,000 to 150,000 AUs (Figure 34).
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Figure 34: Luciferase activity in IMR90-4 hPOMC-GLuc clones, n = 1. IMR90-4 cells were incubated with the transfection
medium including Lipofectamine3000, the eSpCas9(1.1) AAVS1_T2, and the AAVS1-P-MCS hPOMC-GLuc donor plasmid for

48 hours. Post-puromycin selection, isolated cells were collected, lysed, and their luciferase activity was measured by
luminescence.
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Twelve IMRO09-4 no tag GLuc clones were successfully isolated from the stable
transfection. Very low levels of luciferase activity were measured in the lysate of one clone,
11, with approximately 5,000 AU. The lysates from all the remaining clones had high

measurements of luciferase activity, most far above 500,000 AU (Figure 35).
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Figure 35: Luciferase activity in lysate of newly selected IMR90-4 no tag GLuc clones, n = 1. IMR90-4 cells were incubated
with the transfection medium including Lipofectamine3000, the eSpCas9(1.1) AAVS1_T2, and the AAVS1-P-MCS no tag GLuc
donor plasmid for 48 hours. Post-puromycin selection, isolated cells were collected, lysed, and their luciferase activity was
measured by luminescence.

The luciferase activity in the lysates of the 16 IMR90-4 CgA-GLuc clones that survived
antibiotic selection and expansion was generally lower than that detected in the hPOMC and no
tag GLuc clones. The lysates of clones 2, 11, and 16 contained little to no luciferase, with
detected activity levels comparable to the blank. However, almost all the remaining the clones
measured luciferase activities ranging between 10,000 AU to 150,000 AU (Figure 36).
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Figure 36: Luciferase activity in lysate of newly selected IMR90-4 CgA-GLuc clones, n = 1. IMR90-4 cells were incubated
with the transfection medium including Lipofectamine3000, the eSpCas9(1.1) AAVS1_T2, and the AAVS1-P-MCS CgA-GLuc

donor plasmid for 48 hours. Post-puromycin selection, isolated cells were collected, lysed, and their luciferase activity was
measured by luminescence.
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Almost all of the lysates of the 11 isolated IMR90-4 Sgll-GLuc clones contained only
very low levels of luciferase activity. No activity could be measured in the lysate of the
following clones: 5, 8, 11, 12, 13, 15, 16, 17, and 18. Only two clones, Sgll-GLuc 4 and 10,
had similar activity levels to the majority of CgA clones, between 10,000 AU and 150,000 AU.

In the remaining clones only luciferase activity levels below 10,000 AU could be measured
(Figure 37).
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Figure 37: Luciferase activity in lysate of newly selected IMR90-4 SglI-GLuc clones, n = 1. IMR90-4 cells were incubated with
the transfection medium including Lipofectamine3000, the eSpCas9(1.1) AAVS1 T2, and the AAVS1-P-MCS SglI-GLuc donor

plasmid for 48 hours. Post-puromycin selection, isolated cells were collected, lysed, and their luciferase activity was measured
by luminescence.

All CRISPR-modified SIMA VAMP2-GLuc clones isolated post-selection expressed

luciferase, demonstrating low to medium levels of activity in the cell lysate ranging from
5000 AU to 15,000 AU (Figure 38).
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Figure 38: Luciferase activity in lysate of newly selected SIMA VAMP2-GLuc clones, n = 1. SIMA cells were incubated with
the transfection medium including Turbofect, the eSpCas9(1.1) AAVS1 T2, and the AAVS1-P-MCS VAMP2-GLuc donor

plasmid for 48 hours. Post-puromycin selection, isolated cells were collected, lysed, and their luciferase activity was measured
by luminescence.
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Twenty-six IMR90-4 VAMP2-GLuc clones were isolated from the stable transfection.
The activity of luciferase ranged markedly between these clones, from practically no activity in
clones 10 and 18, to activity greater than 500,000 AU in clones 16 and 17. The majority of the
clones contained medium activity levels ranging from 10,000 to 70,000 AU (Figure 39).
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Figure 39: Luciferase activity in lysate of newly selected IMR90-4 VAMP2-GLuc clones, n = 1. IMR90-4 cells were incubated
with the transfection medium including Lipofectamine3000, the eSpCas9(1.1) AAVS1 T2, and the AAVS1-P-MCS VAMP2-

GLuc donor plasmid for 48 hours. Post-puromycin selection, isolated cells were collected, lysed, and their luciferase activity
was measured by luminescence.

3.2 Establishment and validation of characterization techniques

In order to legitimize the use of any clone in the MoN-Light BoNT assay, it is necessary
to fully characterize the cells on a genetic and proteomic level. The background and justification
of the characterizations are extensively explained in the Introduction (section 1.6 — Goals and

Strategies).

3.2.1 Confirmation of insert at AAVS1 safe harbor locus

Two sets of primers were initially used for the optimization of the amplification of the
area surrounding the AAVS1 safe harbor locus. First, two primers each were designed to lay
just 5” of the left homology arm (Fpcr 5’ofHA and 5’probeWT F) and just 3 of the right
homology arm (AAVS1xHA R2 and AAVS1xHA R3). All combinations of these forward and
reverse primers should have amplified an approximately 1600 bp product in human WT gDNA.
The second primer set was designated as Fpcr-803 and Rpcr-wt-183, which had been published
as confirmation PCR primers for cloning in the AAVS1 safe harbor locus. These primers should
have amplified a segment of DNA in non-transfected cells that is 1400 bp long™. In cells
containing the donor DNA insert, the PCR product sizes should increase by a sequence length

that depends on the donor plasmid (Table 53).

91
Section 3.2



Table 53: Sequence length of donor DNA between each homology arm

Donor DNA designation Sequence length (bp)
no tag GLuc 2025
hPOMC-GLuc 2215
CgA-GLuc 3415
Sgll-GLuc 3880
VAMP2-GLuc 2415

The Cas9 induced double strand break, the consequential integration of the donor DNA
into the AAVS1 safe harbor locus by homology-driven recombination, and the locations of the
first primers designed to amplify the genetic area surrounding the AAVSL1 safe harbor locus are

summarized in Figure 40.

Cas9 induced double strand break in AAVS1 safe harbor locus

A
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Figure 40: Sketch of integration of donor DNA into AAVS1 safe harbor locus by homology-driven recombination, including
the positions of the first primers tested in order to verify correct insertion of the donor DNA. The “X-GLuc” refers to each of
the GLuc constructs described in the plasmid production. Sequence length not to size.

None of the primer combinations using Fpcr 5’ofHA or 5’probeWT F and
AAVS1xHA R2or AAVS1xXHA R3resulted in any amplicon from gDNA extracted from non-
transfected cells. Nor did the purported positive control primers Fpcr-803 and Rpcr-wt-183 (see
Appendix 6.5 for optimization details) result in any amplified DNA segments. The primer
combination 5’probeWT F, described above, with Rpcr-wt-3'HA, a primer located in the
middle of the right homology arm, successfully amplified specific products with no additional

contaminating non-specific bands at certain temperatures in a gradient using annealing
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temperatures ranging from 72 — 55 °C. The highest annealing temperatures produced WT allele
specific products at 850 bp with the non-transfected SIMA gDNA (Figure 41 A). In a
temperature gradient at the same annealing temperature range run using SIMA hPOMC-GLuc
clone 5 gDNA, an additional band can be seen at 3000 bp, exactly the size of the expected
product including the donor DNA (Figure 41 B). Interestingly, the WT band at 850 bp still
amplifies in the clone DNA. This indicates that there is probably one WT allele in this clone as
well as one allele in which the donor DNA has successfully integrated, making it a heterozygous

clone.

3000bp —
2000bp —

1031bp —

Figure 41: Successful amplification of the AAVS1 safe harbor locus by temperature gradient PCR (72 — 55 °C). (A) SIMA non-
transfected gDNA, (B) SIMA hPOMC-GLuc clone 5 gDNA. Expected product sizes indicated by arrows: WT 850 bp, Insert
3000 bp.

The final insert confirmation amplicon spans a sequence area defined by the forward
primer 5’probeWT F, found 5° of the left homology arm, and the reverse primer Rpcr-wt-
3’HA, found in the middle of the right homology arm (Figure 42). If a successful insertion into
the AAVS1 safe harbor locus has taken place, the entire donor DNA sequence is amplified by

these primer pairs.
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Figure 42: Illustration of the final locations of the primers used to confirm the integration of donor DNA into the AAVS1 safe
harbor locus. The “X-GLuc” refers to all GLuc constructs described in the plasmid production. Sequence length not to size.
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3.2.2 Analysis of possible off-target integration events
3.2.2.1 Southern blot

Southern blot was tested to identify possible off-target donor DNA integrations using
four different restriction enzymes. Included in the optimization were gDNA from a selection of
CRISPR-modified SIMA hPOMC-GLuc clones, as well as gDNA from the Random_Insertion-
hPOMC1-26GLuc prototype clone? (see Introduction, section 1 for prototype description)
which was the basis for the development of the MoN-Light BoNT assay. The integration site
of the donor DNA at the AAVS1 safe harbor locus in the hPOMC-GLuc clones is known, since
this integration was directed by the CRISPR/Cas9 genetic editing method and the successful
integration can be verified by the insert confirmation PCR technique described in section 3.2.1.
Recognition sites of each restriction enzyme used to test the Southern blot technique can be
localized in the region flanking the AAVS1 safe harbor locus, and the expected DNA fragment
sizes which should include the donor DNA can be calculated (Table 54). The expected digested
DNA fragment sizes for the Random_Insertion-nPOMC1-26GLuc prototype clone gDNA

cannot be predicted, since the integration of GLuc in the genome was random.

Table 54: Summary of restriction enzymes and expected fragment sizes for hPOMC-GLuc clones in Southern blot off-target
donor DNA analysis.

Restriction enzyme Expected DNA fragment size
Vspl 36 kbp

Hindl 11 1.8 kbp

Bgll 1.5 kbp

EcoRlI 10.3 kbp

Optimization and troubleshooting

The standard Southern blot protocol from Roche (described in Materials and Methods
section 2.9) was carried out with the CRISPR/Cas9 modified SIMA hPOMC-GLuc clones and
the Random_Insertion-hPOMC1-26GLuc prototype clone. Very faint bands could be detected
in one exemplary SIMA hPOMC-GLuc clone at the correct sizes under specific hybridization
and washing conditions. However, the faint bands were not identifiable in all SIMA hPOMC-
GLuc clones tested, despite the fact that the insert was proven by PCR to have been incorporated
at the AAVS1 safe harbor locus. Furthermore, no bands were detected in the
Random_Insertion-nPOMC1-26GLuc prototype clone, despite the known stable incorporation
of GLuc into a random genomic locus in this clone. The purpose of the Southern blot is to

exclude any off-target insertions, therefore in order to meet the criteria of a reliable
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characterization technique, the method must be able to identify all known and random insertions
and may not produce any false negative results. Due to the unreliable signal yield using the

standard protocol, a series of experiments were done to optimize the Southern blot protocol.

Various factors can be changed in the Southern blot optimization, including the size of
the probe, which unique element of the donor DNA the probe detects (GLuc, the puromycin
resistance sequence, part of the non-human promoter), the hybridization temperature of the
probe, and the temperature of the high stringency wash. All optimization protocols tested are
summarized in Table 55. It is important to note that the random insertion of the Gaussia
luciferase in the Random_Insertion-hPOMC1-26GLuc prototype clone will only be detected
with a GLuc probe, since this is the only element in the donor DNA sequence that matches the
insertion into the SIMA Random_Insertion-hPOMC1-26GLuc prototype clone sequence. None
of the probes or hybridization conditions resulted in reproducible and strong bands and no
condition allowed the identification of GLuc in the Random_Insertion-hPOMC1-26GLuc clone
genome. The main criteria for the off-target integration test was not met: the method could not
identify all known inserts and continued to produce false negative results. Therefore the
Southern blot method was rejected (see Appendix, 6.6.1 for representative blots).

Table 55: Summary of southern blot probes and tested hybridization temperatures. Deviation from standard protocol: # =

High stringency temperature at 60 °C; § = Detection solution CDP Star; & = Digested samples run on Roche DIG Membrane;
% = Hybridization with 3pl/ml probe.

Probe Probe Size (bp) Hybridization Temperature(s) (°C)
GLuc F1R1 510 45, 50, 55, 60

GLuc F2R2 395 44, 47,52, 574

GLuc F2R4 221 44,50, 53, 57, 57% 578, 57%, 57%
GLuc F3R3 145 49

GLuc F3R4 299 50

Puromycin 382 58

EFlo-HTLV 430 50, 53, 55

HTLV 266 50, 508

3.2.2.2 Ligation-mediated PCR

As described in the Materials and Methods section 2.10, three oligonucleotide adapters
were designed to match the sticky-ends of DNA which had been digested by the restriction
enzymes Hindlll, BspHI, or Asel. The gDNA of a SIMA hPOMC-GLuc clone was digested
with either Hindlll, BspHI, or Asel and then ligated to the corresponding annealed adapter
oligonucleotides. The ligated products were then used as the DNA template in a PCR reaction
with a forward primer found in the GLuc coding sequence and with the antisense adapter
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oligonucleotide as the reverse primer. A standard temperature gradient PCR protocol was run
in order to find any possible annealing temperatures which might correctly amplify any product
from the ligation reaction. Since the insertion confirmation test was already carried out for the
samples tested and it was confirmed that there was at least one copy of donor DNA inserted at
the AAVS1 safe harbor locus, there should at least be one correct product, in addition to any
off-target products. None of the potential products were successfully amplified. Because none
of the initial protocols yielded the expected PCR product that should have been amplified from
the confirmed correct insert, it appears that even with extensive optimization, the assay cannot
be rendered sufficiently sensitive to exclude potential false negative results. Because it is
essential that no off-target inserts are missed by the assay, the approach was no longer pursued
(see Appendix, 6.6.2 for more details).

3.2.2.3 Establishment of technique for copy number quantification using qPCR analysis

An alternative approach to identify potential off target inserts is quantitative PCR to
determine the copy number of a specific sequence. In order to calibrate this PCR, endogenous
genes that are coded by autosomes (n = 2) and X-Chromosomes (ChrX, n=1inmale,n=2in
female) were amplified and the threshold cycles were compared. First, it was confirmed that
the gPCR method could detect small changes in the gDNA concentration, which was analyzed
with a doubling experiment in which two samples, one each from a female and male, were
amplified with two different primer sets found on ChrX covering a segment of the genes GATAL
and TMBS15B. Three quantities of gDNA were amplified: 10 ng, 20 ng, and 40 ng. The fold
difference between sample amplification was calculated by ACt, whereby the smallest amount
of gDNA was used as the reference gene. It can be seen that in both female and male samples,
the gPCR method was sensitive enough to detect double and quadruple the amount of DNA
added to the reaction (Figure 43). Importantly, however, despite the fact the male samples
should have half the number of copies of the ChrX genes, it is impossible to detect this
difference between samples, since the amount of DNA and hence the number of copies of the
DNA in the sample are normalized to the first concentration added to the reaction. In this case,
whether the starting copy number is one, or two, or 18, double the amount of DNA in the
reaction will always result in a 2-fold increase of signal in the gPCR. Therefore, an additional
normalization step must be added in order to determine the amount of starting material for each

specific sample.
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Figure 43: gDNA doubling and quadrupling experiment with female and male samples. Amplification of 10 ng, 20 ng, and 40
ng gDNA, doubling calculation by 4Ct. Values displayed mean * SD, statistical differences are determined with the two-tailed,
unpaired t-test. n =3, * = p < 0.05, ** = p < 0.01, *** = p < 0.001.

The normalization problem was solved by comparing two genes from the same sample
to one another, one of which resides on an autosome, which has a copy number of two, while
the other gene resides on a sex chromosome, which will have a copy number of two in females
or a copy number of one in males. The copy number of four ChrX genes (RBBP7, GATAL,
HPRT1, TMSB15B) was compared to the copy number of one autosomal gene, CHOP. The
copy number of all four of the ChrX genes was twice as high in female samples compared to
the male samples. The samples were normalized by taking the quotient of the ChrX to CHOP,
whereby in the graphic, 1.0 =2 copies (autosome vs allosome in females) and 0.5 =1 copy
(autosome vs allosome in males) (Figure 44). This test indicates that the gPCR method should

be sensitive enough to detect a single change in the copy number of a gene in gDNA samples.
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Figure 44: gPCR analysis of ChrX genes in female and male samples. Change in copy number calculated by ACt in ChrX
normalized to autosomal gene CHOP. Values displayed mean + SD, n = 3.

The normalization of the copy number and concentration are important factors to

consider in the attempt to quantify gene copy numbers, however, when using and comparing
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multiple primer pairs to amplify various genetic segments, it is also important to take into
account possible differences in primer efficiencies. For this reason, one more control step was
added to this quantification technique, which can be used to normalize all three of these
disrupting factors in the gPCR. Specifically, a plasmid was constructed to contain the autosomal
gene sequence for CHOP, the genetic sequence for one of the ChrX genes (either RBBP7,
GATAL, HPRT1, or TMSB15B), and the sequence for GLuc. This plasmid can be included and
amplified with each primer pair, alongside any clone gDNA for normalization and control
purposes. Both the copy number of the ChrX gene and GLuc can be determined and then

compared to one another for verification purposes (Figure 45).

Plasmid: 1x Autosomal Reference Gene sequence and 1x ChrX sequence and 1x GLuc sequence

Amplify gDNA dilution and Plasmid Z dilution with autosomal and
ChrX reference gene and GLuc primers
- ref gene: Plasmid, ct=25; gDNA, ct=25; n=2 and (22>%= 1)
= ChrX: Plasmid, ct=a; whereby a=n=2
- (a might not equal 25, due to differences in primer
efficiency)
—» Da-ct_gDNA— |
-» GLuc: Plasmid, ct=c; whereby a=n=2
- (a might not equal 25, due to differences in primer
efficiency)
9 2r;fclggDNA= d
= if d = 0.5, then n=1 (single insert, heterozygote)
- if d = 1, then n=2 (homozygote)
- if d > 1, then multiple inserts
— Compare b and d to ensure calcultions meet expectations
- if b/d in female cells =1, thenn =2

Figure 45: Summary of control plasmid for copy number verification. *genetic elements in plasmid not to size*

The ChrX and GLuc copy number values were analyzed and compared according to this
method. Male and female gDNA served as controls. The copy number for both ChrX genes in
the control female was approximately 2, while the copy number for both genes in the control
male was approximately 1. Through the rest of the diagram the two ChrX gene copy numbers
depicted in greyscale can be compared to the GLuc copy numbers colored in red. SIMA cells
are derived from a male donor and only have one copy of ChrX, while the IMR90-4 cells are
derived from a female donor and have two copies of ChrX. It can also be seen that the
amplification of the ChrX genes is consistent both between samples and between genes (Figure
46).
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Figure 46: Copy numbers of RBBP7, HPRTL1, and GLuc in selected clones. Copy number calculated by ACt of GLuc/ChrX
normalized to corresponding plasmid amplification and CHOP amplification. RI-hPOMC1-26GLuc is short for
Random_Insertion-hPOMC1-26GLuc, nt-GLuc is short for no tag GLuc. Values displayed mean + SD, n = 3.

In order to optimize the graphical representation of this data and its ease in
interpretation, the ratio of GLuc to ChrX gene was calculated and displayed as a single bar in
the graph (Figure 47 A). Furthermore, the ratio of RBBP7 to CHOP in control female and male
will always be included in order to confirm the quality of the set of data (Figure 47 B). The
analyses of GLuc copy number in the following sections will be presented in this style. Due to
the use of two control amplifications (the autosomal and ChrX), this test to characterize
CRISPR/Cas9 donor DNA insertion numbers is termed the double-control quantitative copy
number PCR (dc-qcnPCR).
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Figure 47: Ratio of GLuc to ChrX gene RBBP7. A: Copy number calculated by ACt of GLuc normalized to corresponding
plasmid amplification, CHOP and ChrX amplification. B: Ratio of RBBP7 to CHOP in female and male gDNA. RI-hPOMC1-
26GLuc is short for Random_Insertion-hPOMC1-26GLuc. Values displayed mean + SD, n = 3.
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3.2.3 Cellular localization of Gaussia Luciferase
3.2.3.1 Differential fractionation

The use of differential fractionation to identify the localization of a protein takes
advantage of the ability to use multiple centrifugation steps to separate homogenized cells into
fractions containing cellular debris, cytosolic proteins, and membrane proteins. After each
centrifugation step, the cellular components were collected and resuspended and the activity of
luciferase was measured. Contrary to expectations, the highest amount of luciferase was by far
found in both the cellular debris and the cytosolic fractions, with only minimal luciferase
activity detected in the small vesicle fraction (specific data can be found in the Appendix,
section 6.6.3.1). The most likely reason for this unexpected distribution is that the intracellular
vesicles that contained the luciferase were transiently or permanently broken by the
homogenization procedure. Since no adequate control was available to check for the integrity
of the vesicles after homogenization, this method had to be abandoned.

3.2.3.2 Immunofluorescence Primary Antibody Validation

The second method tested to determine the correct sorting of GLuc into secretory
vesicles is immunofluorescence (IF). In order to accurately carry out double staining of cellular
proteins by IF, it is necessary to verify that the antibodies specifically label the protein of
interest. The following primary antibodies were used for the first time in this lab for
immunofluorescence:

= Gaussia luciferase (rabbit)
e New England Biolabs (NEB)
e Santa Cruz (SC)

= Golgi97 (mouse)

= Lectin HPA (Alex-fluor coupled Golgi marker)

=  GM130 (mouse)

= Chromogranin A (CgA) (goat)

= Secretogranin Il (Sgll) (rabbit)

= Chromogranin A (CgA) (mouse)

= Secretogranin Il (Sgll) (mouse)

= Synaptophysin (Syp) (mouse)

= GAPDH (mouse)

= |[sletl [1B1] (mouse)

= |[sletl [1H9] (mouse)
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Gaussia luciferase

The NEB rabbit-a-GLuc primary antibody was tested in an IMR90-4 hPOMC-GLuc
clone as well as with non-transfected IMR90-4 cells, to prove the specificity of both the NEB
GLuc primary antibody and the secondary antibody (Alexa-fluor anti-rabbit 488). Two
dilutions were prepared for both cell types: 1:500 (Appendix 6.6.3.2, Figure 141) and 1:1000.
Both dilutions labeled the GLuc protein well, but the 1:1000 dilution produced less background
staining in the non-transfected cells, therefore all subsequent experiments were performed using
the 1:1000 dilution of the NEB rabbit-a-GLuc antibody (Figure 48).

DAPI GLuc

Figure 48: IMR90-4 hPOMC-GLuc and non-transfected cells stained with IF indirect labelling method. Cells were fixed,
permeabilized and then incubated overnight with a 1:1000 dilution of rabbit-a-GLuc primary antibody. Secondary antibody
incubation with Alexa-fluor a-rabbit 488 diluted to 1:750. Cells were additionally incubated with DAPI for nuclei staining.

scale bar = 50um

Overlay

IMRS0-4 hPOMC-GLuc

IMR90-4 non-transfected

The SC rabbit-a-GLuc antibody was tested at a 1:50 dilution in IMR90-4 hPOMC-GLuc
cells, but failed to stain (Appendix 6.6.3.2, Figure 142). This antibody was not used any further

in this project.

Golgi apparatus

Golgin97 is a marker for the trans-Golgi network. The mouse-a-Golgin97 antibody was
tested with multiple dilutions (1:50, 1:500, 1:750, and 1:1000) and with 2 different secondary
antibodies (anti-mouse Alexa-fluor 532 and anti-mouse Alexa-fluor 680) in SIMA, IMR90-4,
and HepG2 cells. None of the dilutions with either of the secondary antibodies resulted in
successful staining of the trans-Golgi network. A replacement Golgi identification marker,

Lectin Helix pomatia agglutinin (HPA) was tested, which selectively binds to a-N-
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acetylgalactosamine residues, an intermediate sugar found on serine and threonine residues
transferring between the cis-Golgi and the trans-Golgi. The Lectin HPA was conjugated to
Alexa-fluor 647 and did not need to undergo secondary antibody incubation. Under various
permeabilization conditions, the Lectin HPA marker also did not stain the Golgi (more details
in the Appendix 6.6.3.2). The Golgin97 antibody was tested with an optimized protocol (see
Materials and Methods 2.14.1). The alternate method resulted in only faint staining of HepG2
and SIMA cells (Appendix 6.6.3.2).

Because of the suboptimal performance of the Golgin97 and Lectin HPA markers up to
this point, a primary antibody for the cis-Golgi, mouse-a-GM130 was tested. This antibody
immediately successfully stained the Golgi apparatus illuminating the typical accumulation of

the organelle in the perinuclear centrosomal region'® (Figure 49).

DAPI GMI130 Overlay

IMR90-4 non-transfected

Figure 49: Non-transfected IMR90-4 cells stained with IF indirect labelling method. Cells were fixed, permeabilized and then
incubated overnight with a 1:250 dilution of mouse-a-GM130 primary antibody. Secondary antibody incubation with Alexa-
Fluor a-mouse 488 diluted to 1:1500. Cells were additionally incubated with DAPI for nuclei staining. scale bar = 10pum

Large dense core vesicles

The 1:50 dilution of goat-a-CgA successfully labelled the axonal outgrowths of
differentiated CRISPR-modified SIMA cells, but did not result in any staining in CRISPR-
modified hPOMC-GLuc motor neurons differentiated according to Maury et al for 30 days
(Figure 50).
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DAPI ChromograninA Overlay

SIMA hPOMC-GLuc
differentiated 72 hrs

IMR90-4 hPOMC-GLuc
Maury differentiation day 30

Figure 50: Differentiated SIMA and IMR90-4 hPOMC-GLuc (Maury Day30) clones stained with IF indirect labelling method.
Cells were fixed, permeabilized and then incubated overnight with a 1:50 dilution of goat-a-CgA primary antibody. Secondary
antibody incubation with Alexa-Fluor a-goat 488 diluted to 1:1500. Cells were additionally incubated with DAPI for nuclei
staining. scale bar = 10pum

The rabbit-a-Sgll antibody, successfully labelled differentiated CRISPR-modified
SIMA cells both with the 1:1000 dilution (top panels) as well as with the 1:250 dilution (bottom
panels). The protein can be found in both the axonal outgrowths and congregated around the

perinuclear centrosomal region (Figure 51).

Secretogranin II (1:1000) Overlay

SIMA hPOMC-GLuc
differentiated 72 hrs
. %

DAPI Secretogranin I1 (1:250) Overlay

SIMA hPOMC-GLuc
differentiated 72 hrs

Figure 51: Differentiated SIMA hPOMC-GLuc clone stained with IF indirect labelling method. Cells were fixed, permeabilized
and then incubated overnight with a 1:1000 and 1:250 dilutions of rabbit-a-Sgll primary antibody. Secondary antibody
incubation with Alexa-Fluor a-rabbit 488 diluted to 1:1500. Cells were additionally incubated with DAPI for nuclei staining.
scale bar = 10pum

103
Section 3.2



The mouse-a-CgA antibody was tested to determine if it could successfully label
differentiated motor neurons (Figure 52). The manufacturer’s recommended dilution was
1:100, and this was tested in differentiated SIMA hPOMC-GLuc cells (panels A-C) and in
CRISPR-modified motor neurons differentiated according to Maury et al for 30 days (panels
D-F). Similar to the goat-a-CgA antibody (Figure 50), CgA was successfully labeled in the
SIMA cells, but not in the MNs, indicating that the problem was not with the original antibody,
but more likely due to a possible lack of CgA in MNs.

DAPI ChromolramnA
Figure 52: Differentiated SIMA hPOMC-GLuc clone and a IMR90-4 hPOMC-GLuc clone differentiated according to Maury
et al stained with IF indirect labelling method. Cells were fixed, permeabilized and then incubated overnight with a 1:100

dilution of mouse-a-CgA primary antibody. Secondary antibody incubation with Alexa-Fluor a-mouse 488 diluted to 1:1500.
Cells were additionally incubated with DAPI for nuclei staining. scale bar = 10um
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IMR90-4 hPOMC-GLuc

The mouse-a-Sgll antibody was tested according to the manufacturer’s suggestion to
1:500, and successfully labelled both differentiated SIMA hPOMC-GLuc cells (top panel) and
CRISPR-modified motor neurons differentiated according to Maury et al for 30 days (bottom
panel Figure 53).
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DAPI Secretogranin 11 Overlay

Figure 53: Differentiated SIMA and IMR90-4 hPOMC-GLuc (Maury Day30) clones stained with IF indirect labelling method.
Cells were fixed, permeabilized and then incubated overnight with a 1:500 dilution of mouse-a-Sgll primary antibody.
Secondary antibody incubation with Alexa-Fluor a-mouse 488 diluted to 1:1500. Cells were additionally incubated with DAPI
for nuclei staining. scale bar = 10um
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Synaptic vesicles

The staining of mouse-a-synaptophysin (Syp) at a 1:200 dilution, as recommended by
the manufacturer, was similar to that of Sgll. The antibody successfully stained in axonal
outgrowths and in clusters similar to those of proteins sorted through the Golgi apparatus in
differentiated SIMA hPOMC-GLuc cells (top panel). In CRISPR-modified motor neurons
differentiated according to Maury et al for 30 days (bottom panel) the antibody staining
displayed very distinct and intense clusters of the protein which appeared to be along the axonal
outgrowth, as well as some staining closer to the soma (Figure 54).
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DAPI Synaptophysin Overlay

Figure 54: Differentiated SIMA and IMR90-4 hPOMC-GLuc (Maury Day30) clones stained with IF indirect labelling method.
Cells were fixed, permeabilized and then incubated overnight with a 1:200 dilution of mouse-a-Syp primary antibody.
Secondary antibody incubation with Alexa-Fluor a-mouse 488 diluted to 1:1500. Cells were additionally incubated with DAPI
for nuclei staining. scale bar = 10um

SIMA hPOMC-GLuc
differentiated 72 hrs

IMR90-4 hPOMC-GLuc
Maury differentiation day 30

Cytosol

In order to establish an appropriate marker to visualized the cytosol, the antibody
mouse-a-GAPDH was tested in two concentrations, both a 1:50 dilution (Appendix 6.6.3.2,
Figure 147) and a 1:250 dilution (not shown), neither condition stained successfully and this

antibody was not considered in any subsequent analyses.

Motor neurons

Isletl is a transcription factor that is expressed in neuronal cells only after differentiation
into motor neurons. The mouse-a-Isletl clone [1B1] antibody test labelled all cells, including
non-differentiated cells, non-specifically (see Appendix, 6.6.3.2). The mouse-a-Isletl clone
[1B1] antibody was not used further in this project. The mouse-a-Isletl clone [1H9] antibody
was tested at a dilution of 1:200 and appeared to react specifically. The antibody does not non-
specifically label undifferentiated iPSCs (top panel Figure 55). One cell, indicated by an arrow,
was labeled in the CRISPR-modified motor neurons differentiated according to Maury et al for
30 days (bottom panel Figure 55). Since only one cell was labeled with the mouse-a-Isletl

[1H9] antibody, apparently the differentiation protocol into motor neurons is not very efficient.
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DAPI Islet1 Overlay

Figure 55: Undifferentiated IMR90-4 VAMP2-GLuc clone and differentiated IMR90-4 hPOMC-GLuc clone (Maury Day30)
stained with IF indirect labeling method. Cells were fixed, permeabilized and then incubated overnight with a 1:200 dilution
of mouse-a-Isletl primary antibody [1H9]. Secondary antibody incubation with Alexa-Fluor a-mouse 488 diluted to 1:1500.

Arrow points to Isletl positive cell in differentiated IMR90-4 hPOMC-GLuc clone. Cells were additionally incubated with
DAPI for nuclei staining. scale bar = 10um

IMR90-4 VAMP2 GLuc

Maury differentiation day 30

IMR90-4 hPOMC-GLuc

3.3 Production and validation of GLuc clones

3.4 Characterization of GLuc clones

Once the stable expression of GLuc in the clones was established, demonstrating the
potential functionality of the clones in the MoN-Light BoNT luciferase release assay, it is
necessary to completely characterize each clone using the methods described above to verify:

e The integration of the GLuc into the AAVS1 safe harbor locus

e The single integration of GLuc into the gDNA, without any off-target events

e The localization of the signal peptide tagged GLuc in secretory vesicles

3.4.1 Confirmation of integration at AAVS1 safe harbor locus

The integration of the donor DNA at the AAVSL safe harbor locus was confirmed by
PCR as described in the optimization section 3.2.1. The SIMA hPOMC-GLuc clones almost all
contained at least one copy of the donor DNA at the AAVSL1 safe harbor locus, indicated by the
existence of a PCR product band at 3000 bp for the clones SIMA hPOMC-GLuc clones 2, 4, 5,
29, 32 (Figure 56, top gel) and SIMA hPOMC-GLuc clones 3, 4, 6, 11, 13, 18, 19, 21, 22, 23,
26, 27, and 28 (Figure 56, bottom gel). As expected, the amplification of both the non-
transfected SIMA gDNA (top gel well 1) and the SIMA Random-Insertion_hPOMC1-26GLuc
prototype DNA with random GLuc insertions (top gel well 8) only produced PCR products
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visible at 850 bp, since both these cell lines have WT alleles at the AAVS1 safe harbor locus.
Interestingly, almost all of the SIMA hPOMC-GLuc clones also contained a WT amplicon at
850 bp, except for clone 29 (well 6, top gel). These clones with two products are putative
heterozygotes. Clone 29 (well 6, top gel) had a strong product at the insert location, and no
product at the WT location, suggesting that this clone might contain a homozygous insertion of
the donor DNA at the AAVS1 safe harbor locus. However there are several light bands visible
between 850 bp and 3000 bp, which do not appear in the products of the remaining clones
adding some uncertainty to these results. Furthermore, all the clones positive for the 3000 bp
insert amplicon also contained a faint and unspecific amplicon at approximately 1600 bp
(Figure 56). The expected product sizes of the WT allele amplicon and the insert amplicon are
indicated by white arrows.

3000bp
2000bp 1: non-transfected SIMA

2: SIMA hPOMC-GLuc 1
3: SIMA hPOMC-GLuc 2
4: SIMA hPOMC-GLuc 4
5: SIMA hPOMC-GLuc 5
6: SIMA hPOMC-GLuc 29
7: SIMA hPOMC-GLuc 32

8: SIMA Random-Insertion hPOMC1-26GLuc

1031bp

1: SIMA hPOMC-GLuc 3
2: SIMA hPOMC-GLuc 4
3: SIMA hPOMC-GLuc 5
4: SIMA hPOMC-GLuc 6
5: SIMA hPOMC-GLuc 11
6: SIMA hPOMC-GLuc 13
7: SIMA hPOMC-GLuc 18
8: SIMA hPOMC-GLuc 19
— 9: SIMA hPOMC-GLuc 21
— e DRl (0 STMA HPOMC-GLuc 22
— 11: SIMA hPOMC-GLuc 23
12: SIMA hPOMC-GLuc 26
13: SIMA hPOMC-GLuc 27
14: SIMA hPOMC-GLuc 28
15: SIMA hPOMC-GLuc 32

3000bp
2000bp

1031bp

OBl 12 13 S[4]5

Figure 56: Donor DNA insert confirmation at AAVS1 safe harbor locus in SIMA hPOMC-GLuc clones and SIMA Random-
Insertion_hPOMC1-26GLuc. Products amplified by PCR with the primer pair 5 ’probeWT F and Rpcr-wt-3’HA with an
annealing temperature of 70 °C. Expected product sizes WT: 850 bp, insert: 3000 bp.

Fewer than expected of the IMR90-4 hPOMC-GLuc clones contained donor DNA at
the AAVS1 safe harbor locus. Clones 2, 3, and 7 all only contained WT alleles, with PCR
products at 850 bp. The non-transfected IMR90-4 control also only produced an amplicon at
850 bp. Clone 1 appeared to be a heterozygote with amplicons at both the insert and WT product
sizes. Both the clones 4 and 6 appeared to have homozygous insertions, with only one distinct
band at 3000 bp. The PCR reaction for clone 5 did not result in any successful amplification
(Figure 57). The expected product sizes of the WT allele amplicon and the insert amplicon are
indicated by white arrows.

108
Section 3.4



: non-transfected IMR90-4

: IMR90-4 hPOMC-GLuc 1
: IMR90-4 hPOMC-GLuc 2
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Figure 57: Donor DNA insert confirmation at AAVS1 safe harbor locus in IMR90-4 hPOMC-GLuc clones. Products amplified
by PCR with the primer pair 5 probeWT F and Rpcr-wt-3’HA with an annealing temperature of 70 °C. Expected product sizes
WT: 850 bp, insert: 3000 bp.

In contrast to the IMR90-4 hPOMC-GLuc clones, which appeared to rarely incorporate
the donor DNA at the correction insertion locus, all of the IMR90-4 no tag GLuc clones
contained at least one allele with the correct insertion. The correct amplicon size for the no tag
GLuc insert is 2925 bp. IMR90-4 no tag GLuc clones 1, 3, 4, 7, 9, 10, and 12 were all
homozygote insert clones, with only an amplicon at 2925 bp and no amplified product from the
WT allele. Clones 2, 5, 6, 9, and 11 all contained a band at the insert amplification size, as well
as the WT amplification size, suggesting that these clones have a heterozygous insertion (Figure
58). The expected product sizes of the WT allele amplicon and the insert amplicon are indicated

by white arrows.
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: IMR90-4 no tag Gluc 1
: IMR90-4 no tag Gluc 2
: IMR90-4 no tag Gluc 3
: IMR90-4 no tag Gluc 4
: IMR90-4 no tag Gluc 5
: IMR90-4 no tag Gluc 6
: IMR90-4 no tag Gluc 7
: IMR90-4 no tag Gluc 8
9: IMR90-4 no tag Gluc 9
10: IMR90-4 no tag Gluc 10
11: IMR90-4 no tag Gluc 11
12: IMR90-4 no tag Gluc 12
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Figure 58: Donor DNA insert confirmation at AAVS1 safe harbor locus in IMR90-4 no tag GLuc clones. Products amplified
by PCR with the primer pair 5 probeWT F and Rpcr-wt-3°HA with an annealing temperature of 70 °C. Expected product sizes
WT: 850 bp, insert:2925 bp.

Similar to the results of the IMR90-4 no tag GLuc clones, almost all the IMR90-4 CgA-
GLuc clones contained an insert at the AAVSL safe harbor locus. The correct insert
confirmation size for the IMR90-4 CgA-GLuc clone is 4289 bp, due to the much larger CgA
sorting sequence. The IMR90-4 CgA-GLuc clones 1, 3, 4, 6, 7, 14, and 15 all appeared to have
homozygous insertions with only one amplicon at 4289 bp. The clones 11 and 16 both lacked
an insertion at the AAVS1 safe harbor locus. The remaining clones all appeared to have
heterozygous insertions of the donor DNA at the AAVSL1 safe harbor locus, with amplicons
both at the expected WT and insertion product sizes (Figure 59). The PCR products and the two
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gels displayed in Figure 57 were amplified and separated by gel electrophoresis on two separate
days, for this reason the exposure of the gel and separation of the products are different. The
expected product sizes of the WT allele amplicon and the insert amplicon are indicated by white

arrows.

: IMR90-4 CgA GLuc 2

: IMR90-4 CgA GLuc 4

3: IMR90-4 CgA GLuc 5

: IMR90-4 CgA GLuc 6

: IMR90-4 CgA GLuc 8

: IMR90-4 CgA GLuc 9

: IMR90-4 CgA GLuc 10

: IMR90-4 CgA GLuc 12

: IMR90-4 CgA GLuc 13

: IMR90-4 CgA GLuc 14
: IMR90-4 CgA GLuc 1

: IMR90-4 CgA GLuc 3

: IMR90-4 CgA GLuc 7
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Figure 59: Donor DNA insert confirmation at AAVS1 safe harbor locus in IMR90-4 CgA-GLuc clones. Products amplified by
PCR with the primer pair 5 probeWT F and Rpcr-wt-3’HA with an annealing temperature of 67.5 °C. Expected product sizes
WT: 850 bp, insert: 4289 bp.

The IMR90-4 Sgll-GLuc clones almost all contained at least one copy of the insert at
the AAVSL1 safe harbor locus. For this particular donor DNA amplification was expected at
4757 bp. Only the IMR90-4 Sgll-GLuc clone 14 contained an insertion band that was only at
2500 bp, indicating a problem with the integration of the donor DNA in this clone. The IMR90-
4 Sgll-GLuc clones 1, 2, 5, 7, and 8 appeared to have heterozygous insertions with amplicons
at both 4757 bp and 850 bp, while the rest of the clones were putative homozygotes (Figure
60). The PCR products and the two gels displayed in Figure 58 were amplified and separated
by gel electrophoresis on two separate days, for this reason the exposure of the gel and
separation of the products are different. The expected product sizes of the WT allele amplicon

and the insert amplicon are indicated by white arrows.

1: IMR90-4 Sgll clone 1

2: IMR90-4 SglI clone 2
3: IMR90-4 Sgll clone 3
4: IMR90-4 SglI clone 4
5: IMR90-4 SglI clone 7
6: IMR90-4 Sgll clone 8
7: IMR90-4 Sgll clone 10
8: IMR90-4 SgllI clone 12
9: IMR90-4 SglI clone 17
10: IMR90-4 Sgll clone 18
11: IMR90-4 Sgll clone 5
12: IMR90-4 SglIl clone 6
13: IMR90-4 Sgll clone 9
14: IMR90-4 Sgll clone 11
15: IMR90-4 Sgll clone 13
16: IMR90-4 Sgll clone 14
17: IMR90-4 Sgll clone 15
18: IMR90-4 Sgll clone 16
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Figure 60: Donor DNA insert confirmation at AAVS1 safe harbor locus in IMR90-4 Sgll-GLuc clones. Products amplified by
PCR with the primer pair 5 probeWT_F and Rpcr-wt-3 'HA with an annealing temperature of 67.5 °C. Expected product sizes
WT: 850 bp, insert: 4757 bp.
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The expected insert size for the SIMA VAMP2-GLuc clones was at 3292 bp. All clones
contained amplified products at both the correct insertion size and the correct WT size,
implicating that these clones had correct insertions of the donor DNA in only one allele, while
the other allele was unaffected by the homologous recombination. Similar to the insert
confirmation of the SIMA hPOMC-GLuc clones, there was an extra non-specific band in the
amplification of the SIMA VAMP2-GLuc clones. This non-specific band was found at 2000 bp
(Figure 61). The expected product sizes of the WT allele amplicon and the insert amplicon are

indicated by white arrows.

: SIMA VAMP2-GLuc 1
: SIMA VAMP2-GLuc 4
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Figure 61: Donor DNA insert confirmation at AAVS1 safe harbor locus in SIMA VAMP2-GLuc clones. Products amplified by
PCR with the primer pair 5 probeWT F and Rpcr-wt-3°’HA with an annealing temperature of 70 °C. Expected product sizes
WT: 850 bp, insert: 3292 bp.

The expected insert size for the IMR90-4 VAMP2-GLuc clones was also at 3292 bp.
The majority of the IMR90-4 VAMP2-GLuc clones were homozygous for the donor DNA
insertion at the AAVS1 safe harbor locus. Only clone number 10 did not appear to carry any
allele containing the donor DNA at the AAVSL1 safe harbor locus, and clone 16 appeared to
carry heterozygous alleles for both the insert and WT sequences (Figure 62). The expected

product sizes of the WT allele amplicon and the insert amplicon are indicated by white arrows.
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Figure 62: Donor DNA insert confirmation at AAVS1 safe harbor locus, VAMP2-GLuc clones 1 through 26. Products amplified
by PCR with the primer pair 5 probeWT F and Rpcr-wt-3°HA with an annealing temperature of 70 °C. Expected product sizes
WT: 850 bp, insert: 3292 bp.

3.4.1.1 Sanger sequencing of homozygote clones

Sanger sequencing was performed with the insert confirmation PCR products of the two
clone groups which would be used in the functional MoN-Light assay, IMR90-4 hPOMC-GLuc

111
Section 3.4



and IMR90-4 VAMP2-GLuc. Because the product amplified for the insert confirmation test did
not completely span the complete 5° of the left HA to 3’ of the right HA range, two different
amplicons were sequenced for each clone. The first amplicon was the exact product from the
insert confirmation test. The second amplicon overlapped the first amplicon in the Ef1-HTLV

promoter and then extended into genomic sequence 3’ of the right homology arm (Figure 63).

Coverage of amplicon 1:

Coverage of amplicon 2:
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Figure 63: Summary of hPOMC-GLuc and VAMP2-GLuc donor DNA segments after integration into the cell’s genomic DNA
and amplicons used for Sanger sequencing.

Sequencing of IMR90-4 hPOMC-GLuc homozygote clones

Two IMR90-4 hPOMC-GLuc clones were identified as homozygotes by the insert
confirmation PCR. Amplicons 1 and 2 (Figure 63) for both IMR90-4 hPOMC-GLuc clones 4
and 6 were Sanger sequenced. The readable range of sequencing for clone 4 was almost
identical to that of clone 6 and is therefore not summarized here (see Appendix 6.4.11). In the
summary of the sequence coverage of the homology arms and donor DNA insert for clone 6,
the arrows filled in dark red represent the areas of unequivocal reads of the genomic DNA
(Figure 64). All of the important regions, including the left and right homology arms, the Ef1-
HTLV promoter, and the hPOMC-GLuc sequences were verified by at least one successful and
unequivocal sequencing run. The only region which fell outside the sequencing range was a
segment of the puromycin resistance gene and part of the gene’s 3’ flanking region. A C>T
nucleotide change was identified at genomic position chr19:55115458 in the 3’HA, this base
change was found in both clones 6 and 4. This region of the 3’HA in the donor DNA plasmids
was not covered by Sanger sequencing, however the plasmid reference sequence indicates that
the corresponding base in the 3’HA of the plasmid is a T. Since the non-transfected WT allele
was not sequenced, it is unclear if the base change is inherent to the IMR90-4 cells or if it was
incorporated into the gDNA from the plasmid template by homologous recombination. Other
than this single base change, the remaining region of the right homology arm and the entire

regions of the left homology arm, hPOMC-GLuc sequence, and the Ef1l-HTLV promoter
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conformed to the expected reference sequence of the genomic DNA and the integrated donor
DNA. The sequencing confirmed that the donor DNA was successfully integrated without
errors into both alleles of this homozygous clone (see Appendix, 6.4.10 for complete alignment
data).

1000' 2000! B 3000!
[ Puor T I HA-R
Ef1-HTLV promoter
hPOMC

Figure 64: Sanger sequencing coverage of hPOMC-GLuc clone 6, donor DNA inserted into AAVS1 safe harbor locus.

Sequencing of IMR90-4 VAMP2-GLuc homozygote clone

One IMR90-4 VAMP2-GLuc clone, number 11 (Figure 62), was selected for sequence
confirmation. The same amplicons were prepared as for the IMR90-4 hPOMC-GLuc
sequencing, as described in Figure 63. The sequencing coverage is visualized by the dark red
arrows at the top of the figure, indicating the area of the gDNA which was successfully and
unequivocally sequenced (Figure 65). The coverage included the entire left and right homology
arms, as well as all of the donor DNA, except for a short segment of the puromycin resistance
gene. The only discrepancy of the sequenced sample from the reference sequence was the same
C>T nucleotide change found in the sequences of both hPOMC-GLuc clones. The sequencing
once again confirmed that the donor DNA was successfully integrated without errors into both

alleles of this homozygous clone (see Appendix, 6.4.12 for complete alignment data).
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Figure 65: Sanger sequencing coverage of VAMP2-GLuc clone 11, donor DNA inserted into AAVS1 safe harbor locus.

3.4.1.2 Summary of insert confirmation at AAVSL1 safe harbor locus

The results of the insertion of the donor DNA in the AAVS1 safe harbor locus for a
selected clone representative for each transfection construct are summarized below. The donor
DNA is depicted as a green segment in the DNA double helix. Both alleles are presented per
clone. The IMR90-4 hPOMC-GLuc clone 6, IMR90-4 no tag GLuc clone 4, IMR90-4 Sgll-
GLuc clone 11, and IMR90-4 VAMP2-GLuc clone 11 all contained homozygous integrations
of the donor DNA in the AAVSL1 safe harbor locus. On the other hand, the SIMA hPOMC-
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GLucclones 1, 2, 4, and 5, IMR90-4 CgA-GLuc clone 8, and SIMA VAMP2-GLuc clone 1 all
only incorporated the donor DNA into a single allele at the AAVSL1 safe harbor locus (Figure
66). A selection of four SIMA hPOMC-GLuc clones were initially selected in order to verify

the luciferase release assay in multiple clones.

theoretical . )
GLuc insertion AAVSI1 locus
localization
SIMA @ SN NSTNSNST SS SSASSASSSPSNSSN0 allele | - contains donor DNA
hPOMC-GLuc 0
(clones 1,2, 4, 5) ° STNTATATASTSTATATNTATSTNSTNST allele 2 - contains WT DNA
IMR90-4 ) TIPS NSNS ST ASPAISINIVIN. allele 1 - contains donor DNA
hPOMC-GLuc 0
(clone 6) Y SINSTSTNSTNST ST ST ST SIS allele 2 - contains donor DNA
IMR90-4 SINSTNATNTNT AT AT AT ASTNIIIVIN allele 1 - contains donor DNA
no tag GLuc |
(clone 4) i\ SIS SIS ST AT AL AP allele 2 - contains donor DNA
IMR90-4 Py TINTNTNINS ST AT ASINPATAFSTN allele 1 - contains donor DNA
CgA-GLuc O
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Sgll-GLuc
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Figure 66: Summary of AAVS1 safe harbor locus insert confirmation for a selected CRISPR-modified clone for each construct.
Donor DNA is depicted as a green segment in the DNA double helix.

3.4.2 Analysis of off-target donor DNA integrations

The second important factor in the characterization of the CRISPR/Cas9 manipulated
cells, is to verify that there were no off-target integrations of the donor DNA in the cell’s
genome. The method, dc-qcnPCR, established to quantify the copy number of GLuc in genomic
DNA, was fully explained in the optimization section (3.2.2.3).
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While SIMA hPOMC-GLuc clones were all heterozygotes for the insertion of the donor
DNA, it is clear from the copy number quantification that in some of the clones there was far
more than one insert of donor DNA somewhere else in the genome. GLuc amplification
compared to RBBP7 in both clones 4 and 5 was n = 1.7 and n = 2, respectively, suggesting a
single off-target integration event other than the heterozygous insertion of the donor DNA at
the AAVS1 safe harbor locus. The remaining clones contained a mix of both single integrations
and off-target events, especially exemplified by clone 29, which had an n-fold of RBBP7 of
more than 100. In this figure, the copy number of GLuc in the SIMA Random-
Insertion_hPOMC1-26GLuc prototype was also assessed. Unsurprisingly, there were several
random insertions of GLuc in the genome of these cells, with an n-fold of RBBP7 of 4 (Figure
67 A). The ratio of the copy number of RBBP7/CHOP for control females was on average
n=1.1 and for control males was on average 0.57, verifying the efficacy of this experiment:
the males have half the number of copies of the ChrX gene compared to the females (Figure 67
B).
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Figure 67: Copy number analysis of GLuc in SIMA hPOMC-GLuc clones and SIMA Random-Insertion_hPOMC1-26GLuc
(RI_hPOMC1-26GLuc). A: copy number calculated by ACt of GLuc normalized to corresponding plasmid amplification,
CHOP and ChrX amplification. B: ratio of the copy number calculated by ACt of RBBP7, normalized to CHOP in female and
male control gDNA. Values displayed mean + SD, n = 3.

The number off-target integrations of GLuc in the IMR90-4 hPOMC-GLuc clones was
relatively lower than the off-target integrations in the SIMA clones. In fact, the assay indicated
that clone 1 only had one copy of GLuc integrated into its genome, since it contained half of
the number of copies of GLuc than it did the number of copies of RBBP7 (n = 2 in the female-
derived IMR90-4 cells). Clone 3 appeared to have no integrations of GLuc in the genome, while
both clones 4 and 6 had the same number of copies of GLuc as they do RBBP7, therefore n = 2
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(Figure 68 A). These numbers perfectly complimented the PCR insertion confirmation results,
in which clone 1 only had a heterozygous insertion of the donor DNA and both clone 4 and
clone 6 had homozygous insertions. Furthermore, the amplification of clone 3 had only resulted
in amplification of WT alleles (Figure 57). This indicated that the clones 1, 4, and 6 all only
contained on-target insertions of the donor DNA into the AAVSL1 safe harbor locus, while clone
3 had no integration of the donor DNA into its gDNA. The ratio of the copy number of
RBBP7/CHOP for control females was on average n = 1.0 and for control males was on average
0.55, verifying the efficacy of this experiment: the males have half the number of copies of the

ChrX gene compared to the females (Figure 68 B).
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Figure 68: Copy number analysis of GLuc in IMR90-4 hPOMC-GLuc clones. A: copy number calculated by ACt of GLuc
normalized to corresponding plasmid amplification, CHOP and ChrX amplification. B: ratio of the copy number calculated by
ACt of RBBP7, normalized to CHOP in female and male control gDNA. Values displayed mean + SD, n = 3.

The copy number of GLuc in the IMR90-4 no tag GLuc clones was also consistently
low, however, it appeared that a few of the clones contained probable off-target integrations.
The copy number assay indicated that, for example, IMR90-4 no tag GLuc clone 2 contained
two copies of GLuc in its gDNA (Figure 69 A), however, as seen in the insert confirmation gel
(Figure 58), this clone was only a heterozygote for the donor DNA insertion at the AAVS1 safe
harbor locus. Therefore one copy of the donor DNA was definitely found at the AAVS1 safe
harbor locus, but there was likely another copy that had been integrated off-target in the
genome. All the other clones reached at least 1.5 fold of the RBBP7 copy number, indicating
that they too likely had 1 to 2 off-target integrations in their genomes (Figure 69 A). None of
the selected IMR90-4 no tag GLuc clones contained only on-target donor DNA integrations.

The ratio of the copy number of RBBP7/CHOP for control females was on average n = 1.1 and
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for control males was on average 0.6, verifying the efficacy of this experiment: the males have
half the number of copies of the ChrX gene compared to the females (Figure 69 B).
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Figure 69: Copy number analysis of GLuc in IMR90-4 no tag GLuc clones. A: copy number calculated by ACt of GLuc
normalized to corresponding plasmid amplification, CHOP and ChrX amplification. B: ratio of the copy number calculated by
ACt of RBBP7, normalized to CHOP in female and male control gDNA. Values displayed mean + SD, n = 3.

The low number of integrations detected in the IMR90-4 clones remained consistent
after consideration of the IMR90-4 CgA-GLuc clones. The clones 11 and 16 did not appear to
have incorporated any copies of GLuc, neither on-target nor off-target (Figure 70 A), data which
was supported by the amplification of only WT alleles in the insert confirmation PCR (Figure
59). The clones 8 and 13 both had the same copy number of GLuc as they do RBBP7, indicating
two GLuc integration events. However, as seen in Figure 59, both these clones were identified
as heterozygotes for the donor DNA insertion, which once again suggested an off-target
integration of at least one copy. All the other clones had at least 1.5 fold copies of GLuc as
compared to RBBP7, indicating that all clones of the CgA-GLuc series had at least one off-
target donor DNA integration (Figure 70 A). The ratio of the copy number of RBBP7/CHOP
for control females was on average n = 1.2 and for control males was on average 0.57, verifying
the efficacy of this experiment: the males have half the number of copies of the ChrX gene

compared to the females (Figure 70 B).
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dc-qcnPCR analysis of IMR90-4
CgA-GLuc insertion number
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Figure 70: Copy number analysis of GLuc in IMR90-4 CgA-GLuc clones. A: copy number calculated by ACt of GLuc
normalized to corresponding plasmid amplification, CHOP and ChrX amplification. B: ratio of the copy number calculated by
ACt of RBBP7, normalized to CHOP in female and male control gDNA. Values displayed mean + SD, n = 3.

There were several clones from the IMR90-4 SglI-GLuc clone group that had from 0.5
to approximately 1 fold copies of GLuc compared to RBBP7, indicating a relatively low donor
DNA insertion rate in these clones (Figure 71). The clone 1 had half the number of copies of
GLuc as compared to RBBP7. The insertion confirmation PCR identified the clone as a
heterozygote for GLuc (Figure 60), making it likely that this clone only had one copy of the
donor DNA in one allele at the AAVS1 safe harbor locus. Furthermore, the clones 3, 4, 11 and
14 all had from 0.74 to 1.15 average fold copies of GLuc compared to RBBP7. All of these
clones, except for 14, were identified as homozygote insertion clones by the confirmation PCR
suggesting a likely insertion of two copies of the donor DNA into each allele at the AAVS1
safe harbor locus. The clone 14 had unidentifiable products in the insertion confirmation gel,
so would be excluded from future use, despite having a low insertion copy number. The
remaining clones had up to approximately 2.5 fold copies of GLuc compared to RBBP7, all of
these clones likely had a few off-target integrations in their genomes (Figure 71 A). The ratio
of the copy number of RBBP7/CHOP for control females was on average n = 1.2 and for control
males was on average 0.57, verifying the efficacy of this experiment: the males have half the

number of copies of the ChrX gene compared to the females (Figure 71 B).
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dc-qcnPCR analysis of IMR90-4
Sgll-GLuc insertion number
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Figure 71: Copy number analysis of GLuc in IMR90-4 Sgll-GLuc clones. A: copy number calculated by ACt of GLuc
normalized to corresponding plasmid amplification, CHOP and ChrX amplification. B: ratio of the copy number calculated by
ACt of RBBP7, normalized to CHOP in female and male control gDNA. Values displayed mean + SD, n = 3.

Similar to the excessive donor DNA insertion rate found in some of the SIMA hPOMC-
GLuc clones, the SIMA VAMP2-GLuc clones had between 16 to 50 fold copies of GLuc
compared to RBBP7. All of these clones had a high number of off-target donor DNA insertions
(Figure 72 A). The ratio of the copy number of RBBP7/CHOP for control females was on
average n=1.1 and for control males was on average 0.49, verifying the efficacy of this
experiment: the males have half the number of copies of the ChrX gene compared to the females
(Figure 72 B).
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Figure 72: Copy number analysis of GLuc in SIMA VAMP2-GLuc clones. A: copy number calculated by ACt of GLuc
normalized to corresponding plasmid amplification, CHOP and ChrX amplification. B: ratio of the copy number calculated by
ACt of RBBP7, normalized to CHOP in female and male control gDNA. Values displayed mean + SD, n = 3.

Once again, the number of off-target insertions detected in the iPSC line was much
lower in comparison to the SIMA cell line. Almost all of the IMR90-4 VAMP2-GLuc clones
had the same copy number of GLuc as compared to RBBP7 (Figure 73 A). Interestingly, the
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IMR90-4 VAMP2-GLuc clone 16, with only 0.5 fold copies of GLuc compared to RBBP7 was
also identified as a heterozygote donor DNA clone by the insert confirmation PCR (Figure 62
A) and therefore probably truly only had one copy of GLuc in the genome. IMR90-4 VAMP2-
GLuc clone 10 had no identifiable copies of GLuc in this test, and also had homozygous WT
alleles in the insert confirmation. Clones 2, 3, 4,5, 6,7, 8,9, 11, 12, 15, 17, 19, 20, and 22 were
all identified as homozygotes for the donor DNA and had approximately equal copies of GLuc
as compared to RBBP7, suggesting that these clones did not have any off-target GLuc
integrations (Figure 73 A). The ratio of the copy number of RBBP7/CHOP for control females
was on average n = 1.1 and for control males was on average 0.46, verifying the efficacy of this
experiment: the males have half the number of copies of the ChrX gene compared to the females
(Figure 73 B).
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Figure 73: Copy number analysis of GLuc in IMR90-4 VAMP2-GLuc clones. A: copy number calculated by ACt of GLuc
normalized to corresponding plasmid amplification, CHOP and ChrX amplification. B: ratio of the copy number calculated by
ACt of RBBP7, normalized to CHOP in female and male control gDNA. Values displayed mean + SD, n = 3.

3.4.2.1 Summary of off-target donor DNA integrations analyzed by dc-qcnPCR

The results in the identification of off-target donor DNA integrations for the selected
clones representing each transfected construct is summarized below. In these particular clones,
the IMR90-4 hPOMC-GLuc, Sgll-GLuc, and VAMP2-GLuc clones did not contain any off-
target donor DNA insertions (visualized by unaffected exemplary chromosomes). On the other
hand, the SIMA hPOMC-GLuc, IMR90-4 no tag GLuc, CgA-GLuc, and the SIMA VAMP2-
GLuc clones all contained integrations of the donor DNA in locations other than the AAVS1
safe harbor locus (visualized by exemplary chromosomes stamped with a green star, Figure 74).

The IMR90-4 no tag GLuc clone 4 was chosen, despite having off-target donor DNA insertions,
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because it was a homozygote clone, which propagated at a rate similar to the non-transfected
IMR90-4 cells and showed no unusual spontaneous differentiation under standard cell culture

care. Therefore it was considered to be an acceptable negative control.
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Figure 74: Continuation of summary of donor DNA integration results of selected CRISPR-modified clones representing each
construct. Off-target insertion represented by presence or absence of green star on three exemplary chromosomes.

3.4.3 Localization of the signal peptide tagged GLuc by immunofluorescence

The third important step in the characterization of the clones developed for the MoN-
Light assay is the confirmation that the GLuc protein is sorted into the secretory vesicles. The
localization of GLuc was documented and compared with that of the Golgi apparatus and other
naturally occurring proteins known to be sorted through the Golgi apparatus and into secretory
vesicles. These results were summarized in a graph measuring the fluorescence intensities

associated with the localization of each protein through the Z-axis of the cell. Furthermore, each
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selected region was analyzed by the Fiji program JACOP, running a Pearson’s colocalization
analysis, corrected for fluorescent activity by the overlap coefficient, k1& k2, for each

pixel®*1%_ These colocalization data were summarized at the end of this section.

SIMA hPOMC-GLuc colocalization

In order to analyze the localization of GLuc in the SIMA hPOMC-GLuc clone, the
reporter protein GLuc (labeled in red) and CgA (labeled in green), a protein found in LDCVs,
were identified by immunohistochemistry (Figure 75 A). The arrows in the overlay image
indicate the regions analyzed for colocalization. Where the two proteins colocalized the color
of the mixed channels became yellow/orange. The graphs tracked the intensity of fluorescence
corresponding to GLuc and CgA along the Z-axis of the three randomly selected image sections
(Figure 75 B). The fluorescence intensity and distribution through the cell were almost
completely identical for the two proteins, with an average overlap correlation coefficient of
0.95 (Figure 75 C). Therefore the hPOMC-GLuc construct appeared to be successfully and
efficiently sorting into LDCVs.
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Figure 75: Colocalization of GLuc with CgA in SIMA hPOMC-GLuc clone. A: immunofluorescence double labeling of SIMA
hPOMC-GLuc clone 5. Cells were fixed, permeabilized and then incubated overnight with rabbit-a-GLuc and mouse-a-CgA
primary antibodies. Secondary antibody incubation with Alexa-fluor a-rabbit 568 (1:1000) and Alexa-fluor a-mouse 488
(1:1500). The overlay of all images includes DAPI labeled nuclei and sections of colocalization analysis indicated by white
arrows in overlay image; scale bar = 20um. Bottom panel: (B) graphical representation of colocalization analysis of GLuc
and CgA by measurement of fluorescence units in selected cell sections of SIMA hPOMC-GLuc clone 5. (C) Overlap correlation
coeffient of GLuc and CgA colocalization.
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IMR90-4 hPOMC-GLuc colocalization

In order to analyze the cellular localization of GLuc in the IMR90-4 hPOMC-GLuc 6
clone, the proteins GLuc (labeled in red) and GM130 (labeled in green) were identified by
immunohistochemistry (Figure 76 A). In this case, the iPSCs did not yet express CgA nor Sgll,
the two available antibodies that could be used to detect LDCVs. For this reason the GM130
antibody, which can be used to detect the cis-Golgi, was used to identify proteins that are
moving through the secretory pathway towards vesicle packaging. The overlay image included
the DAPI-stained nuclei, the arrows in the image indicate the regions analyzed for
colocalization (Figure 76 A). The fluorescence intensity and distribution through the cell,
visualized in the diagrams in the lower panel B, also illustrated an extremely similar pattern
between GLuc and GM130 localization, with a peak of fluorescence approximately 7 pm thick
through the cell. The average overlap coefficient between the fluorescence levels associated
with these two proteins was 0.85 (Figure 76 C). The colocalization was slightly lower than that
in the SIMA hPOMC-GLuc constructs associated with CgA, however it was still high enough
to indicate that GLuc is sorted through the Golgi apparatus in preparation for sorting to LDCVs.
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Figure 76: Colocalization of GLuc with Golgi in IMR90-4 hPOMC-GLuc clone 6. Panel A: immunofluorescence double
labeling of IMR90-4 hPOMC-GLuc clone 6. Cells were fixed, permeabilized and then incubated overnight with rabbit-a-GLuc
and mouse-a-GM130 primary antibodies. Secondary antibody incubation with Alexa-fluor a-rabbit 568 (1:1000) and Alexa-
fluor a-mouse 488 (1:1500). The overlay of all images includes DAPI labeled nuclei and sections of colocalization analysis
indicated by white arrows in overlay image; scale bar = 20um. Lower panel: (B) Graphical representation of colocalization
analysis of GLuc with GM130 by measurement of fluorescence units in selected cell sections in IMR90-4 hPOMC-GLuc (6).
(C) Overlap coeffient of GLuc and GM130 colocalization.
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In order to validate that the high level of correlation between the localization of the
GLuc and Golgi apparatus was not just by chance, the same experiment was carried out in a
separate clone, the second homozygote IMR90-4 hPOMC-GLuc clone 4. Once again, the
proteins GLuc (red) and GM130 (green) were identified by immunofluorescence. The overlay
of these channels include an image of the DAPI-stained nuclei and the arrows indicating the
regions of the image which were analyzed in detail for colocalization (Figure 77 A). The
diagrams tracking the fluorescence intensity through the cell indicated that GLuc was partially
found in the cytosol with a minor increase of fluorescence associated with GLuc outside of the
fluorescence peak associated with the Golgi (Figure 77 B). Despite this, the majority of GLuc
was colocalized with the Golgi apparatus, with strong peaks of protein localization at the exact
same points in the cell (between 10 — 15 um in each section). The average overlap correlation
factor for the three sections was 0.79 (Figure 77 C), the small reduction in the correlation value
was likely due to the small amount of cytosolic protein. Despite the reduction in correlation,
the colocalization of GLuc and Golgi apparatus in a separate IMR90-4 hPOMC-GLuc clone
also showed that this construct was sorted through the Golgi, destined for the LDCVs.
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Figure 77: Colocalization of GLuc with Golgi in IMR90-4 hPOMC-GLuc clone 4. Panel A: immunofluorescence double
labeling of IMR90-4 hPOMC-GLuc clone 4. Cells were fixed, permeabilized and then incubated overnight with rabbit-a-GLuc
and mouse-a-GM130 primary antibodies. Secondary antibody incubation with Alexa-fluor a-rabbit 568 (1:1000) and Alexa-
fluor a-mouse 488 (1:1500). The overlay of all images includes DAPI labeled nuclei and sections of colocalization analysis
indicated by white arrows in overlay image; scale bar = 20um. Lower panel: (B) Graphical representation of colocalization
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analysis of GLuc with GM130 by measurement of fluorescence units in selected cell sections in IMR90-4 hPOMC-GLuc 4. (C)
Overlap coeffient of GLuc and GM130 colocalization.

IMR90-4 no tag GLuc colocalization

The IMR90-4 no tag GLuc clones were created in order to quantify the amount of GLuc
without a sorting signal that might colocalize by chance in the Golgi apparatus, in contrast to
the signal peptide GLuc, which should be sorted through the Golgi apparatus. The distribution
of GLuc (red) in no tag GLuc clone 4 was strikingly different from the GLuc distribution in the
hPOMC-GLuc clones (Figure 78 A). There was no congregation of protein in specific areas of
the cell, rather GLuc was distributed rather evenly throughout the cytosol. In the overlay of
GLuc, Golgi (green), and the DAPI-stained nuclei, the arrows indicate the areas in which the
colocalization of GLuc and Golgi was analyzed. The diagrams in the lower panel traced the
fluorescence localization through the cell. The marker for the Golgi apparatus always spiked in
one particular section of the cell. The fluorescence traces revealed that GLuc was partially
colocalized with the spike in Golgi-associated fluorescence, however, it was found in greater
quantities throughout the cell, independent of the Golgi apparatus (Figure 78 B). The average
overlap correlation score was 0.55 (Figure 78 C). The low correlation coefficient confirmed the

random distribution of GLuc when it is expressed in the no tag GLuc clone 4.
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Figure 78: Colocalization of GLuc with Golgi in IMR90-4 no tag Gluc clone 4. Upper panel A: immunofluorescence double
labeling of IMR90-4 no tag GLuc clone 4. Cells were fixed, permeabilized and then incubated overnight with rabbit-a-GLuc
and mouse-a-GM130 primary antibodies. Secondary antibody incubation with Alexa-fluor a-rabbit 568 (1:1000) and Alexa-
fluor a-mouse 488 (1:1500). The overlay of all images includes DAPI labeled nuclei and sections of colocalization analysis
indicated by white arrows in overlay image; scale bar = 20um. Lower panel: (B) Graphical representation of colocalization
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analysis of GLuc with GM130 by measurement of fluorescence units in selected cell sections in IMR90-4 no tag GLuc (4). (C)
Overlap coeffient of GLuc and GM130 colocalization.

In order to validate that the low level of correlation between the localization of the GLuc
and Golgi in one no tag GLuc clone was not just by chance, the same experiment was carried
out in another separate clone, the IMR90-4 no tag GLuc clone 1. Once again, in this independent
clone, the general appearance of GLuc distribution was very diffuse throughout the entire cell
while the Golgi apparatus retained its strong perinuclear staining (Figure 79 A). In the overlay
of GLuc (labeled in red) and Golgi (labeled in green), with the DAPI-stained nuclei, the arrows
indicate the areas in which the colocalization of GLuc and Golgi was analyzed. The
fluorescence traces showed that in sections 1 and 2, GLuc was found both colocalized with the
typical Golgi spike and independent of the Golgi in the surrounding region. More drastically,
in section 3 low levels of labeled GLuc appeared on either side of the Golgi spike, while the
fluorescence levels decreased as soon as the Golgi labeling began (Figure 79 B). The average
overlap coefficient for these sections was 0.45 (Figure 79 C). It was confirmed with this second
no tag clone that the random distribution of GLuc had a much lower correlation with the Golgi
apparatus than the hPOMC-GLuc clones. However, against expectations, no tag GLuc was not

completely excluded from the Golgi apparatus.
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Figure 79: Colocalization of GLuc with Golgi in IMR90-4 no tag Gluc clone 1. Upper panel A: immunofluorescence double
labeling of IMR90-4 no tag GLuc clone 1. Cells were fixed, permeabilized and then incubated overnight with rabbit-a-GLuc
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and mouse-a-GM130 primary antibodies. Secondary antibody incubation with Alexa-fluor a-rabbit 568 (1:1000) and Alexa-
Sfluor a-mouse 488 (1:1500). The overlay of all images includes DAPI labeled nuclei and sections of colocalization analysis
indicated by white arrows in overlay image; scale bar = 20um. Lower panel: (B) Graphical representation of colocalization
analysis of GLuc with GM130 by measurement of fluorescence units in selected cell sections in IMR90-4 no tag GLuc (1). (C)
Overlap coeffient of GLuc and GM130 colocalization.

IMR90-4 CgA-GLuc colocalization

The GLuc and GM130 proteins were also co-stained in CgA-GLuc clone 8. However,
the GLuc staining was very fragmented and in some locations it was diffuse. The aggregation
of the protein did not appear similar to the accumulation typical of the Golgi apparatus around

perinuclear centrosomal region (Figure 80).

GLuc Golgi apparatus Overlay + DAPI

IMR90-4 CgA-GLuc (8)

Figure 80: Immunofluorescence of GLuc and GM130 in IMR90-4 CgA clone. A: immunofluorescence double labeling of
IMR90-4 CgA-GLuc clone 8. Cells were fixed, permeabilized and then incubated overnight with rabbit-a-GLuc and mouse-a-
CgA primary antibodies. Secondary antibody incubation with Alexa-fluor a-rabbit 568 (1:1000) and Alexa-fluor a-mouse 488
(1:1500). The overlay of all images includes DAPI labeled nuclei. scale bar = 20um.

The disruption in the CgA-GLuc protein distribution was compared directly with high
magnification to the hPOMC-GLuc construct, since the CgA tagged clone was designed to sort
GLuc to LDCVs analogous to hPOMC-GLuc. As described above, the expression of GLuc in
the CgA clone aggregated in circular clusters surrounded by patches of diffuse protein. On the
other hand, the GLuc distribution in the hPOMC-GLuc clone appeared in elongated clusters
surrounding the nucleus (Figure 81). The CgA-GLuc clone 8 was therefore removed from

consideration for the MoN-Light BoNT assay.
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GLuc GLuc + DAPI

Figure 81: Immunofluorescence of GLuc and DAPI in IMR90-4 CgA-GLuc clone 8 and IMR90-4 hPOMC-GLuc 4. Cells were
fixed, permeabilized and then incubated overnight with rabbit-a-GLuc and mouse-a-GM130 primary antibodies. Secondary
antibody incubation with Alexa-fluor a-rabbit 568 (1:1000) and Alexa-fluor a-mouse 488 (1:1500). Cells were additionally
incubated with DAPI for nuclei staining. scale bar = 5um

IMR90-4 CgA-GLuc (8)

IMR90-4 hPOMC-GLuc (4)

IMR90-4 Sgll-GLuc colocalization

The GLuc and GM130 proteins were identified by immunohistochemistry in the Sgll-
GLuc clone 11 (Figure 82). The appearance of GLuc after fluorescent labeling, contrary to the
assessed expression levels (Figure 37) and the confirmed integration of the donor DNA into the
AAVS1 safe harbor locus (Figure 60 and Figure 71), was extremely faint with no indication of
sorting through the Golgi apparatus, therefore this clone was also removed from consideration
for the MoN-Light BoNT assay.

GLuc Golgi apparatus Overlay + DAPI

Figure 82: Immunofluorescence of GLuc and GM130 in IMR90-4 Sgll clone. Cells were fixed, permeabilized and then
incubated overnight with rabbit-a-GLuc and mouse-a-CgA primary antibodies. Secondary antibody incubation with Alexa-
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fluor a-rabbit 568 (1:1000) and Alexa-fluor a-mouse 488 (1:1500). The overlay of all images includes DAPI labeled nuclei.
scale bar = 25um

SIMA VAMP2-GLuc colocalization

The presence of GLuc in the SIMA VAMP2-GLuc clone 1 was analyzed for
colocalization with Syp, which is a SV specific protein. The appearance of GLuc (green) after
fluorescent labeling was diffuse, with little to no clustering. The labeled Syp protein (red) could
be identified as clusters of protein to one side of the nucleus and staining in the axonal
outgrowths from the soma. An overlay of these panels, including an image of the DAPI-stained
nuclei contains arrows indicating the regions that were specifically analyzed for colocalization
(Figure 83 A). There was little to no overlap in fluorescence levels between GLuc and Syp
through the cell (Figure 83 B). The average overlap correlation score for these sections was
0.42 (Figure 83 C), even lower than the correlation score of the no tag GLuc clones analyzed.
Because of the evident GLuc sorting failure, this clone group was excluded from further tests

of luciferase localization or release in this project.
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Figure 83: Colocalization of GLuc with Syp in SIMA VAMP2-GLuc clone. Upper panel A: immunofluorescence double labeling
of SIMA VAMP2-GLuc-GLuc clone 1. Cells were fixed, permeabilized and then incubated overnight with rabbit-e-GLuc and
mouse-a-Syp primary antibodies. Secondary antibody incubation with Alexa-fluor a-rabbit 568 (1:1000) and Alexa-fluor a-
mouse 488 (1:1500). The overlay of all images includes DAPI labeled nuclei and sections of colocalization analysis indicated
by white arrows in overlay image; scale bar = 20um. Lower panel: (B) Graphical representation of colocalization analysis of
GLuc with Syp by measurement of fluorescence units in selected cell sections in SIMA VAMP2-GLuc (1). (C) Overlap coeffient
of GLuc and Syp colocalization.
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IMR90-4 VAMP2-GLuc colocalization

The expression patterns of GLuc in IMR90-4 VAMP2-GLuc clone 11 (Figure 84 A) as
visualized by immunohistochemistry looked quite different to that of GLuc in the SIMA
VAMP2-GLuc clone. The IMR90-4 VAMP2-GLuc clone exhibited some clustering of GLuc
(red) in specific locations in the cells, similar to, but more diffuse than, the hPOMC-GLuc
clustering around the Golgi apparatus (green). The overlay includes the image of the DAPI-
stained nuclei and the arrows indicating the regions that were more closely analyzed for GLuc
and Golgi colocalization (Figure 84 A). The diagrams tracking fluorescence through the cell
revealed generally lower fluorescence levels associated with GLuc, however, the fluorescence
did rise in distinct peaks. The fluorescent levels associated with the Golgi apparatus also had a
specific peak, as previously seen. While the intensities of each fluorescence level were not
comparable, the peaks associated with GLuc localization were parallel to the peaks associated
with the Golgi (Figure 84 B). The average overlap correlation score was 0.66 (Figure 84 C).
The association between GLuc and the Golgi apparatus was only of a moderate degree, perhaps
with only a fraction of the VAMP2-GLuc fusion protein passing through the secretory pathway.
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Figure 84: Colocalization of GLuc with Golgi in IMR90-4 VAMP2-GLuc clone. Upper panel A: immunofluorescence double
labeling of IMR90-4 VAMP2-GLuc clone 11. Cells were fixed, permeabilized and then incubated overnight with rabbit-a-GLuc
and mouse-a-CgA primary antibodies. Secondary antibody incubation with Alexa-fluor a-rabbit 568 (1:1000) and Alexa-fluor
a-mouse 488 (1:1500). The overlay of all images includes DAPI labeled nuclei and sections of colocalization analysis indicated
by white arrows in overlay image; scale bar = 20um. Lower panel: (B) Graphical representation of colocalization analysis of
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GLuc with GM130 by measurement of fluorescence units in selected cell sections in IMR90-4 VAMP2-GLuc (11). (C) Overlap
coeffient of GLuc and GM130 colocalization.

3.4.3.2 Summary of localization of signal peptide tagged GLuc

As summarized below, the colocalization of GLuc with the large dense core vesicle
marker in the SIMA hPOMC-GLuc clone 4 was very high, as was that of GLuc with the Golgi
marker in IMR90-4 hPOMC-GLuc clone 6. The colocalization of GLuc with the Golgi marker
in IMR90-4 no tag GLuc clone 4 was quite low, but this was also expected, since the construct
was designed to non-specifically express GLuc. The colocalization of GLuc with the Golgi
marker in IMR90-4 VAMP2-GLuc clone 11 was only moderate, with a portion of GLuc passing
through the Golgi, but another portion likely being missorted. On the other hand, the SIMA
VAMP2-GLuc clone 1 was completely missorted and only resulted in a very low colocalization
factor. Neither IMR90-4 CgA-GLuc clone 8 nor Sgll-GLuc clone 11 can be used further, since

GLuc appeared disrupted or only very faint in these clones (Figure 85).
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Figure 85: Continuation of summary of donor DNA integration and colocalization results of selected CRISPR-modified clones
representing each construct.

3.4.4 Summary of clone characterization for MoN-Light BoNT assay

Insertion of donor DNA into AAVS1 safe harbor locus

The insert confirmation PCR provided evidence of homozygote insertions as well as the
lack of insertions of the donor DNA at the AAVS1 safe harbor locus. There were no
homozygote clones isolated from the SIMA transfections. The transfections resulting in
IMR90-4 hPOMC-GLuc clones 4 and 6, IMR90-4 no tag GLuc clones 1 and 4, and IMR90-4
VAMP2-GLuc clone 11 contained homozygous insertions of the donor DNA at the AAVS1
safe harbor locus (Figure 86 A).
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Identification of donor DNA integration events at AAVS1 safe harbor locus and beyond

The dc-qcnPCR analysis of donor DNA integration events provided evidence for
integration events including a single integration of the donor DNA in one allele (IMR90-4
VAMP2-GLuc clone 16, Figure 73) to possibly hundreds of integration events (SIMA hPOMC-
GLuc clone 29, Figure 67). IMR90-4 hPOMC-GLuc clones 4 and 6 and IMR90-4 VAMP2-
GLuc clone 11 were demonstrated by qPCR analysis to carry two copies of the donor DNA. In
combination with the insertion confirmation analyses, it was concluded that they were all
homozygote clones with no off-target donor DNA integrations. The IMR90-4 no tag GLuc
clones 1 and 4 were both homozygote clones, but were revealed to have at least couple off-
target donor DNA integrations. The SIMA clones, including hPOMC-GLuc 1, 2, 4, and 5, and
VAMP2-GLuc 1, were all heterozygote clones with at least one off-target integration. (Figure
86 B).

Colocalization of GLuc with markers of vesicular transport

The extent of colocalization, measured by the overlap coefficient, of GLuc and Golgi
in both IMR90-4 hPOMC-GLuc clones 4 and 6 was significantly higher than that in the no tag
GLuc clones 1 and 4. The degree of colocalization between GLuc and Golgi in the IMR90-4
VAMP2-GLuc clone 11 was only moderate. However, the IMR90-4 VAMP2-GLuc clone 11
still demonstrates a greater scale of colocalization between GLuc and GM130 in comparison to
IMR90-4 no tag GLuc clone 4. The degree of colocalization between GLuc and Golgi in
IMR90-4 VAMP2-GLuc clone 11 was also significantly higher than the degree of
colocalization between GLuc and Syp in the SIMA VAMP2-GLuc clone 1. Furthermore, there
was no significant difference between the degree of colocalization of the IMR90-4 no tag GLuc
clones and the SIMA VAMP2-GLuc clone 1.
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IMR90-4 clones
(clone#)

1: hAPOMC-GLuc (6)
2: hPOMC-GLuc (4)
3: no tag GLuc (1)
4: no tag GLuc (4)

5: VAMP2-Gluc (11)

4000bp
3000bp

2000bp
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6: hPOMC-GLuc (4)
7: VAMP2-GLuc (1)
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Figure 86: Characterization summary of selected CRISPR-modified clones. A: Donor DNA insert confirmation at AAVS1 safe
harbor locus, summary of main CRISPR-modified clones used in this project. Expected product sizes: All WT alleles expected
at 850bp, hPOMC-GLuc insert at 3000bp, no tag GLuc insert at 2900bp, VAMP2-GLuc insert at 3292bp. B: Summary of copy
number analysis of GLuc, as compared to ChrX gene RBBP7 and normalized to autosomal gene CHOP. C: summary of degree
of colocalization for all clones from sections 1-3, analysis with coloc2. Statistical differences measured by two-tailed t-test:
a = clone vs IMR90-4 hPOMC-GLuc clones, p < 0.05; b = clone vs IMR90-4 VAMP2-GLuc, p < 0.05; ¢ = clone vs IMR90-4
VAMP2-GLuc, p < 0.001.

The background for the selection of each characterized clone is summarized below. The
SIMA hPOMC-GLuc clones 1, 2, 4, and 5 were all heterozygous clones with off-target donor
DNA integrations, clone 4 was proven to sort a very high degree of GLuc into LDCVs. This
clone was not intended for use in the MoN-Light BoNT assay, but rather as a screen during
functional testing in the luciferase release assay before the IMR90-4 derived clones were
differentiated into motor neurons. Due to the proven correct GLuc sorting, these clones were
used in initial luciferase release tests, described below. The IMR90-4 hPOMC-GLuc clones 4
and 6 were both perfect candidates for use in the MoN-Light BoONT assay. IMR90-4 hPOMC-
GLuc clone 6 was used for differentiation into motor neurons and functional testing described
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below. The IMR90-4 no tag GLuc clones 1 and 4 contained both on and off-target donor DNA

integrations, but due to the confirmed non-specific expression of GLuc IMR90-4 no tag GLuc

clone 4 could be used as a control in the luciferase release assay. The IMR90-4 CgA-GLuc,
IMR90-4 Sgll-GLuc and SIMA VAMP2-GLuc clones did not pass the full characterization
tests and were not used for any functional testing. Despite the only moderate degree of sorting
of GLuc through the Golgi in the IMR90-4 VAMP2-GLuc clone 11, this construct was pursued

for its potential usefulness in the MoN-Light BoNT assay.
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Figure 87: Final summary of the characterization of selected CRISPR-modified clones for each construct prepared and
analyzed in this project.
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3.5 Luciferase release upon cellular depolarization

3.5.1 SIMA hPOMC-GLuc luciferase release and detection

Previously, it was shown that a depolarization dependent release of luciferase can be
inhibited by exposure to botulinum neurotoxin from the SIMA Random-Insertion_hPOMC1-
26GLuc prototype that contains multiple copies of hPOMC-GLuc randomly inserted into the
genome?. Four unique CRISPR-modified SIMA hPOMC-GLuc clones (1, 2, 4, and 5) were
used to test whether the insertion of hPOMC-GLuc in the AAVS1 safe harbor locus by
CRISPR/Cas is able to produce a measurable release of luciferase upon cellular depolarization.
Ideally, these clones should have no off-target donor DNA integrations, however no CRISPR-
modified SIMA clones were identified to have only on-target integrations. Therefore, luciferase

release was tested despite the fact the clones did not meet the MoN-Light BoNT quality criteria.

The four clones were exposed to Na*™-HBS control buffer or K*-HBS depolarization
buffer for 3 minutes at 37 °C. The buffer was collected and measured for luciferase activity in
the supernatant. In all clones, the release of luciferase into the supernatant was increased by
depolarization with K*-HBS buffer. Although clones 4 and 5 contained fewer off-target copies
of the hPOMC-GLuc coding sequence and clones 1 and 2 contained greater number of off-
target NPOMC-GLuc insertions, clones 2 and 4 released higher activities of GLuc than clones
1 and 5, both under non-depolarizing and depolarizing conditions (Figure 88 A). The ratio of
release with and without depolarization was, however, identical in all clones (Figure 88 B). The
increase of measured luciferase in the supernatant of depolarized SIMA Random-
Insertion_hPOMC1-26GLuc prototype cells also reaches just over 3-fold that of the cells in the

control buffer?,

SIMA hPOMC-GLuc SIMA hPOMC-GLuc

A absolute luciferase release B luciferase release within each clone
5007  * * * * 2009 * * * *
’S = T T
£ 00, 1 Sl P :
33 38
I Y 3004 B Na*-HBS s g EE Na*-HBS
28 1 £ & 100 .
§ % 2004 K*-HBS § % K*-HBS
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Figure 88: Luciferase activity measured from four unique SIMA hPOMC-GLuc clones. Cells were differentiated for 72 hours
prior to undergoing release assay. Cells were pre-incubated with fresh medium for 10 min at 37°C. Release of luciferase
activity was stimulated with control (Na*-HBS) or stimulation buffer (K*-HBS) for 3 min at 37°C and luciferase activity in the
supernatant was measured. A: The average of the luciferase activity in all conditions and all clones was calculated and the
percent difference from the average for each condition is presented as means = SD of 9 measurements in three independent
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experiments. B: The average of the luciferase activity in all conditions for each individual clone was calculated and the percent
difference from the average for each condition is presented as means + SD of 9 measurements in three independent experiments.
* —

=p<0.01

To test whether the depolarization-dependent release occurred specifically through the
calcium-mediated fusion of neurosecretory vesicles to the presynaptic membrane, the calcium
chelator EGTA was added to the luciferase release experiment. Two SIMA hPOMC-GLuc
clones (1 and 4) were examined in parallel. The depolarization of the cells under normal
conditions resulted in an approximate 3-fold increase in luciferase activity in the supernatant.
The addition of 10 mM EGTA to the buffers completely inhibited the depolarization-dependent
release of luciferase, while it did not affect the depolarization-independent background
luciferase activity detected in presence of Na*-HBS (Figure 89).

Average luciferase release
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Figure 89: Luciferase activity measured from two separate SIMA hPOMC-GLuc clones. Cells were differentiated for 72 hours
prior to undergoing release assay. Cells were pre-incubated with fresh medium for 10 min at 37°C. Release of luciferase
activity was stimulated with control (Na*-HBS) or stimulation buffer (K*-HBS) in the absence or presence of 10 mM EGTA for
3 min at 37°C and luciferase activity in the supernatant was measured. The average of the luciferase activity in Na*-HBS and
K*-HBS supernatants from each individual clone was calculated and the percent difference from the average for each condition
is presented as means + SD of 9 measurements in three independent experiments. * = p < 0.01

3.6 Establishment of motor neuron differentiation protocols

Three protocols for the differentiation of iPSCs into motor neurons were compared (Du
et al®, Maury et al®, and Kroehne et al*'!). The investigation of the efficacy of these protocols
was carried out by Maren Schenke at the University of Veterinary Medicine in Hannover and a
very short summary of her findings is described below. A summary of the steps involved in

carrying out each of the three differentiation protocols is illustrated in Figure 90.
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Figure 90: Summary of differentiation protocols from iPSC to MN states. Figure published in Schenke et al®®, licensed under
CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/).

According to the work of Schenke et al*®, the yield of MNs using the protocol described
by Du et al reached an average of 50 % of the cell population but this number varied greatly
between experiments. Despite the high variation, the MN population derived from the Du et al
protocol was significantly higher than the MN yield using protocols based on the work of Maury

et al and Kroehne et al, both of which only reached approximately 15 % (Figure 91).
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Figure 91: MN yield as measured by percentage of Isletl cells on day 28 of the protocol based on Du8, day 32 of the protocol

based on Maury?®, and day 21 of the protocol based on Kroehne!*. * p < 0.05 Figure published in Schenke et al99, licensed
under CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/).

Importantly, further analyses revealed that all three differentiation protocols produced
MNs expressing the most important BoNT receptors and targets, such as the SV2, Syt, and
gangliosides important for uptake into the cell and the members of the SNARE complex (Figure
92). Therefore, theoretically any of the three differentiation methods could be used to obtain
cells that are sensitive to BONT.
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Figure 92: Gene expression levels of BONT receptors and targets in MNs differentiated with the three test protocols. Figure
published in Schenke et al99, licensed under CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/).

3.7 Validation of IMR90-4 pluripotent status

The genes used in this project to verify the pluripotent state of the IMR90-4 cells are
LIN28, NANOG, OCT4 and SOX2. These four factors were originally used to reprogram
IMR90-4 cells into iPSCs and should therefore be expressed in these cells pre-differentiation.
The expression of these four markers in non-transfected IMR90-4 cells, the two IMR90-4
hPOMC-GLuc clones 4 and 6, and the IMR90-4 VAMP2-GLuc clone 11 were compared with
their expression in hPOMC-GLuc MNs, differentiated according to Maury et al for 30 days
(Figure 93). All four markers were expressed in the four iPSC cell lines, but not in the MNs.

This verifies the iPSC status of these clones.
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Figure 93: iPSC status of pre-differentiated non-transfected IMR90-4 and selected genetically modified clones by expression
analysis of iPSC reprograming markers. Relative gene expression in iPSCs was compared to expression in hPOMC-GLuc
clone 6 after 30 days of differentiation and calculated by the AACt method, with the genes RPS23 and PPIA used for
normalization. n = 1-3 biological replicates.

3.8 Differentiation of induced pluripotent stem cells into motor
neurons

The differentiation protocol based on Maury et al is the easiest protocol to execute and
would therefore be the most suitable protocol for the final purpose, the establishment of an
easily usable BoNT potency assay. For this reason, the most complete data in the following
section is from MNs differentiated following a protocol adapted from Maury et al. Because the
protocol proposed by Du et al yielded a higher number of motor neurons this protocol was also

implemented. Motor neuron differentiations were performed with the IMR90-4 hPOMC-GLuc
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clone 6, the IMR90-4 VAMP2-GLuc clone 11, and, for comparison, the IMR90-4 no tag GLuc
clone 4. The differentiation based upon Maury et al could be accomplished in all three clones,
producing Isletl positive motor neurons. However, it was not possible to obtain hPOMC-GLuc
motor neurons according to Du et al. All cells died between days six and twelve of the
differentiation period. Using the same protocol, the VAMP2-GLuc cells could be differentiated

into motor neurons.

3.8.1 Expression analysis of GLuc and MN genes

After 30 days of exposure to differentiation medium (see Material and Methods 2.3.3),
the presence of motor neurons and the expression of GLuc in the resulting population was
verified. gPCR analysis was carried out to compare the expression of various genes in cells
differentiated according to Maury et al and Du et al protocols compared to their corresponding
non-differentiated iPSCs (Figure 94). Neither hPOMC-GLuc nor VAMP2-GLuc were
detectable in non-transfected IMR90-4 cells (Appendix 6.7, Figure 149). During the
differentiation protocol according to Maury et al, the expression level of hPOMC-GLuc
decreased about 2-fold in comparison to non-differentiated IMR90-4 hPOMC-GLuc cells of
the same clone. Even more dramatically, the expression of VAMP2-GLuc in cells differentiated
according to Maury et al decreased by about 20-fold. In contrast, in IMR90-4 VAMP2-GLuc
cells that were differentiated according to Du et al the expression of GLuc only decreased by
approximately 4-fold.

The expression of key genes associated with the successful differentiation into motor
neurons, CHAT, ISLET, and HB9, was measured. All the iPSCs included in the expression
analysis apparently expressed low levels of each motor neuron marker, however in comparison
to the much higher expression of the genes in most of the differentiated cells the expression in
non-differentiated cells is negligible. The IMR90-4 hPOMC-GLuc clone differentiated
according to Maury et al expressed significantly higher amounts of all genes associated with
successful motor neuron differentiation in comparison to its non-differentiated counterpart. The
IMR90-4 VAMP2-GLuc clone differentiated according to both Maury et al and Du et al also
expressed significantly higher amounts of CHAT, ISLET, and HB9 in comparison to non-
differentiated IMR90-4 VAMP2-GLuc. The IMR90-4 no tag GLuc clone differentiated
according to Maury et al expressed very low quantities of HB9 and CHAT, but high amounts
of ISLET1 (Figure 95).
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Change in expression of key genes in clones before and after motor
neuron differentiation
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Figure 94: GLuc expression in CRISPR-modified iPSCs and in day 30 Maury and Du differentiated clones. Differentiation
status of differentiated clones assessed by relative gene expression of selected genes associated with MN status and calculated
by the AACt method, with the genes RPS23 and PPIA used for normalization. Statistical significance measured by t-test,
change in expression levels between differentiated clone versus clone in pluripotent state. Statistical significance evaluated
with t-test * = p < 0.05, ** = p < 0.01, *** = p < 0.001, *** = p < 0.0001. IMR90-4 hPOMC-GLuc and IMR90-4 VAMP2-
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GLuc clone measurements consisted of 2-6 biological replicates; IMR90-4 no tag GLuc clone measurements consisted of 1
biological replicate and therefore had no measured statistical differences.

3.9 Immunofluorescence post-differentiation

Immunofluorescence was carried out in order to verify expression of GLuc in
differentiated cells with a second independent experiment. This method was also used to
provide evidence of the co-expression of motor neuron marker Isletl with GLuc in
differentiated cells. Furthermore, it was used to verify the colocalization of GLuc with large
dense core vesicles or synaptic vesicles in IMR90-4 hPOMC-GLuc clone 6 and IMKR90-4
VAMP2-GLuc clone 11, respectively.

3.9.1 Verification of GLuc expression in differentiated cells

GLuc could be detected by immunofluorescence in IMR90-4 hPOMC-GLuc clone 6
cells differentiated for 30 days according to Maury et al. Furthermore, GLuc could be detected
in IMR90-4 VAMP2-GLuc clone 11 cells on day 30 of both Maury et al and Du et al
differentiation protocols. In all three panels GLuc was found in areas surrounding and in
processes extending from the soma (Figure 95). Several nuclei are stained for DAPI, but not
for GLuc. In all differentiation protocols, it was observed that multiple apoptotic cells,
identified by condensed and brightly stained nucleil!?, often surround the live neuronal cells.
Depending on the time of apoptosis, GLuc may no longer be found in these cells. Although

some cells may also have lost GLuc expression during the differentiation process.
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DAPI GLuc Overlay

Figure 95: GLuc expression in MNs differentiated for 30 days. Top panel: IMR90-4 hPOMC GLuc clone differentiated
according to Maury et al and fixed on day 30; Middle panel: IMR90-4 VAMP2-GLuc clone differentiated according to Maury
et al and fixed on day 30; Bottom panel: IMR90-4 VAMP2-GLuc clone differentiated according to Du et al and fixed on day
30. All panels show cells labeled with DAPI and GLuc, plus the overlay. Cells were fixed, permeabilized and then incubated
overnight with rabbit-a-GLuc primary antibody. Secondary antibody incubation with Alexa-fluor a-rabbit 568 (1:1000). scale
bar =20 um

IMR90-4 hPOMC-GLuc
Maury differentiation day 30

IMR90-4 VAMP2-GLuc

Maury differentiation day 30

Du differentiation day 30

IMR90-4 VAMP2-GLuc

3.9.2 Confirmation of GLuc co-expression with motor neuron marker Isletl
gPCR analyses indicated that at least a proportion of the resulting neuronal population

consisted of motor neurons expressing ISLET1 and GLuc (Figure 94). Immunofluorescence and

confocal microscopy were carried out to verify the co-expression of GLuc and Isletl in

individual cells.
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IMR90-4 hPOMC-GLuc clones differentiated according to Maury et al

IMR90-4 hPOMC-GLuc cells were differentiated according to the Maury et al protocol
for 30 days. Several cells were included in the sample image, as seen in the DAPI staining.
Only one of these cells also was labeled positively as Isletl (green), indicating that only a
proportion of the cells in this population are actually motor neurons. However, as seen in the
overlay of images identifying Isletl, GLuc, and DAPI, GLuc is expressed in the same cell as
Isletl (Figure 96).

GLuc Isletl Overlay + DAPI

Figure 96: Co-expression of Isletl and GLuc in IMR90-4 hPOMC-GLuc cell (Maury D30), fixed on day 30. Cells were fixed,
permeabilized and then incubated overnight with rabbit-a-GLuc and mouse-a-Isletl [1H9] primary antibodies. Secondary
antibody incubation with Alexa-fluor a-rabbit 568 (1:1000) and Alexa-fluor a-mouse 488 (1:1500). Cells were additionally
incubated with DAPI for nuclei staining. scale bar = 20 pm

IMR90-4 hPOMC-GLuc
Maury differentiation day 30

IMR90-4 VAMP2-GLuc clones differentiated according to Maury et al

A similar pattern was seen in IMR90-4 VAMP2-GLuc cells differentiated according to
Maury et al for 30 days. In the image of DAPI stained cells, several apoptotic cells were seen
next to a single live cell. This same live cell was identified by immunohistochemistry to express
both Isletl (green) and GLuc (red). The overlay of all images confirmed that all protein labelling

occurred in the same cell ensuring the co-expression of GLuc and Isletl (Figure 97).

GLuc Isletl Overlay + DAPI

Figure 97: Co-expression of Isletl and GLuc in an IMR90-4 VAMP2-GLuc cell (Maury D30). Cells were fixed, permeabilized
and then incubated overnight with rabbit-a-GLuc and mouse-a-Isletl [LH9] primary antibodies. Secondary antibody
incubation with Alexa-fIuor a-rabbit 568 (1:1000) and Alexa-fluor a-mouse 488 (1:1500). Cells were additionally incubated
with DAPI for nuclei staining. scale bar = 20 pum
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IMR90-4 VAMP2-GLuc clones differentiated according to Du et al

IMR90-4 VAMP2-GLuc cells were also differentiated according to Du et al for 30 days.
Multiple cells were stained with DAPI (blue channel), several of which were also identified to
express Isletl (green channel). These same Isletl labeled cells expressed GLuc (red channel).
The colocalization was confirmed by the image overlay (Figure 98). These analyses confirmed
that for both IMR90-4 hPOMC-GLuc and IMR90-4 VAMP2-GLuc clones, the GLuc protein

was expressed in Isletl positive motor neurons.

GLuc Isletl Overlay + DAPI

IMR90-4 VAMP2-GLuc

Du differentiation day 30

Figure 98: Co-expression of Isletl and GLuc in IMR90-4 VAMP2-GLuc cells (Du D30) fixed on day 30. Cells were fixed,
permeabilized and then incubated overnight with rabbit-a-GLuc and mouse-a-Isletl [1H9] primary antibodies. Secondary
antibody incubation with Alexa-fluor a-rabbit 568 (1:1000) and Alexa-fluor a-mouse 488 (1:1500). Cells were additionally
incubated with DAPI for nuclei staining. scale bar = 20 pm

These analyses indicated that the successful depolarization of the motor neurons should
concurrently release GLuc, in the case of IMR90-4 hPOMC-GLuc, or expose GLuc, in the case
of IMR90-4 VAMP2-GL.uc, to the supernatant surrounding the cells. Therefore there should be
a measurable increase in luciferase activity in the supernatant if neurosecretory vesicle fusion
with the presynaptic terminal membrane takes place. Although the number of motor neurons
obtained in the different protocols varied and the expression level of the different GLuc
constructs differed, it appeared that all motor neurons expressed the transgene. Thus, the
hypothesis that the decrease in total GLuc expression after subjecting the cells to the
differentiation protocols was the consequence of a complete loss of expression in differentiated

cells was refuted.

3.9.3 Colocalization of GLuc with large dense core vesicles or synaptic vesicles
Finally, it is necessary to confirm that the colocalization of GLuc with the Golgi

apparatus in the undifferentiated IMR90-4 clones remained consistent and therefore transforms

into a colocalization of GLuc with large dense core vesicles or synaptic vesicles in hPOMC-

GLuc and VAMP2-GLuc clones, respectively. Colocalization was analyzed by confocal
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immunofluorescence microscopy (as described in section 2.14.3) at the end of the

differentiation period.

IMR90-4 hPOMC-GLuc clone differentiated according to Maury et al

Colocalization of GLuc and the LDCV-associated protein Sgll was carried out in the
IMR90-4 hPOMC-GLuc clone 6 differentiated for 30 days according to Maury et al.
Immunofluorescence identifying GLuc (red channel, Figure 99 A) was more widespread
through the cell than Sgll immunolabeling (green channel, Figure 99 A), which was restricted
to an accumulation next to the nucleus and small aggregates extended along extruding
processes. It was visibly evident in the overlay image (Figure 99 A) that in some places both
proteins were expressed in the same cellular locations. Regions for colocalization analysis were
selected from putative vesicles traveling in processes extending from the soma (arrows 1 and 2
in the overlay) and a region highly expressing Sgll adjacent to the nucleus (arrow 3 in the
overlay). While the Sgll associated fluorescence intensity (green) was slightly lower than the
GLuc associated fluorescence intensity (red), the Z-axis plots clearly delineated a colocalization
of GLuc and Sgll, with the protein traces running parallel to one another and peaking at the
same point in the cell (Figure 99 B). The voxel analysis of colocalization resulted in an average
overlap correlation score of 0.85 (Figure 99 C). The colocalization of GLuc and Sgll was
confirmed by the fluorescence analysis and the correlation score, indicating that GLuc is
successfully sorted into LDCVs with Sqll.
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Figure 99: Colocalization analysis of GLuc and Sgll in IMR90-4 hPOMC-GLuc MNs (Maury D30) protocol. Upper panel A:
confocal images of immunofluorescence double labeling of IMR90-4 hPOMC-GLuc clone 6. Cells were fixed, permeabilized
and then incubated overnight with rabbit-a-GLuc and mouse-a-Sgll primary antibodies. Secondary antibody incubation with
Alexa-fluor o-rabbit 568 (1:1000) and Alexa-fluor a-mouse 488 (1:1500). The overlay of all images includes DAPI labeled
nuclei and sections of colocalization analysis indicated by white arrows in overlay image; scale bar = 20um.Bottom panel:
(B) z-axis fluorescence analysis of sections indicated in the overlay image, tracing the localization of GLuc and Sgll. (C)
Overlap coefficient for colocalization of GLuc with Sgll.

IMR90-4 VAMP2-GLuc clone differentiated according to Maury et al

Colocalization of GLuc and the SV-associated protein Syp was carried out in the
IMR90-4 VAMP2-GLuc clone 11 differentiated for 30 days according to Maury et al. Both
GLuc and Syp were identified by immunohistochemistry in the processes extending from the
soma, as well as in the area surrounding the cell nucleus (Figure 100 A). Regions for
colocalization analysis were selected from Syp-positive vesicles traveling in processes
extending from the soma (arrows 1 and 2 in the overlay) and an area adjacent to the nucleus
(arrow 3 in the overlay). The fluorescence levels associated with GLuc (red) and Syp (green)
in sections 1 and 2 rose in parallel. On the other hand, the peaks of fluorescence intensity for
each protein in section 3 occurred in two different positions of the cell (Figure 100 B). The
average overlap correlation score for these sections was 0.65 (Figure 100 C). Colocalization of
the VAMP2-GLuc construct with Syp into the SVs was confirmed, but the mismatched peaks
in section 3 also indicated a degree of mis-sorting.
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Figure 100: Colocalization analysis of GLuc and Syp in IMR90-4 VAMP2-GLuc MNs (Maury D30) protocol. Upper panel A:
confocal images of immunofluorescence double labeling of IMR90-4 VAMP2-GLuc clone 11. Cells were fixed, permeabilized
and then incubated overnight with rabbit-a-GLuc and mouse-a-Syp primary antibodies. Secondary antibody incubation with
Alexa-fluor o-rabbit 568 (1:1000) and Alexa-fluor a-mouse 488 (1:1500). The overlay of all images includes DAPI labeled
nuclei and sections of colocalization analysis indicated by white arrows in overlay image; scale bar = 20um. Bottom panel:
(B) z-axis fluorescence analysis of sections indicated in overly image, tracing the localization of GLuc and Syp. (C) Overlap
coefficient for colocalization of GLuc with Syp.

IMR90-4 VAMP2-GLuc differentiated according to Du et al

Colocalization of GLuc and the SV-associated protein Syp was carried out in IMR90-4
VAMP2-GLuc clone 11 differentiated for 30 days according to Du et al. Both GLuc (red
channel, Figure 101 A) and Syp (green channel, Figure 101 A) were identified with
immunofluorescence in areas surrounding the nucleus and processes extending from the soma.
Regions for colocalization analysis were selected from Syp-positive vesicles traveling in
processes extending from the soma (arrows 1 and 2 in the overlay) and an area adjacent to the
nucleus (arrow 3 in the overlay). The Z-axis plots of fluorescence intensities associated with
GLuc (red) and Syp (green) overlapped in all three sections with peaks in protein localization
occurring at the same points throughout the cell (Figure 101 B). The average overlap correlation
score for these sections was 0.68 (Figure 101 C). In cells differentiated according to Du et al
once again a portion of GLuc was sorted into the SVs. There appeared to be little to no effect
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of the differentiation protocol on the sorting of the VAMP2-GLuc construct, since both

protocols result in similar moderate colocalization between GLuc and Syp.
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Figure 101: Colocalization analysis of GLuc and Syp in IMR90-4 VAMP2-GLuc MNs (Du D30). Upper panel A: confocal
images of immunofluorescence double labeling of IMR90-4 VAMP2-GLuc clone 11. Cells were fixed, permeabilized and then
incubated overnight with rabbit-a-GLuc and mouse-a-Syp primary antibodies. Secondary antibody incubation with Alexa-fluor
a-rabbit 568 (1:1000) and Alexa-fluor a-mouse 488 (1:1500). The overlay of all images includes DAPI labeled nuclei and
sections of colocalization analysis indicated by white arrows in overlay image; scale bar = 20um. Bottom panel: (B) z-axis
fluorescence analysis of sections indicated in section C, tracing the localization of GLuc and Syp. (C) Overlap coefficient for
colocalization of GLuc with Syp.

Summary overlap coefficients

There was no statistical difference between the degree of colocalization of GLuc and
the Golgi apparatus in the iPSC IMR90-4 hPOMC-GLuc clone and the corresponding degree
of colocalization of GLuc and Sgll in the cells differentiated according to Maury et al from the
same clone. There was also no statistical difference between the degree of colocalization of
GLuc and the Golgi apparatus in the iPSC IMR90-4 VAMP2-GLuc clone and the
corresponding degree of colocalization of GLuc and Syp in the cells differentiated according to
Maury et al and Du et al (Figure 102). Therefore the extent of vesicle-specific sorting in the
motor neurons does not differ from the extent of Golgi sorting. Furthermore, in the case of
IMR90-4 VAMP2-GLuc, the extent of vesicle-specific sorting in motor neurons does not differ

between the two differentiation protocols.
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Figure 102: Summary of overlap coefficient in IMR90-4 hPOMC-GLuc and IMR90-4 VAMP2-GLuc iPSCs and MNs.
Correlation of GLuc and Sgll/Syp for all clones from sections 1-3, in comparison with colocalization of the same clones with
the Golgi apparatus analysis with JACoP (Fiji). No significant differences found between iPSCs and corresponding
differentiated clone, unpaired t-test, n = 3, mean + SD.

3.10 Luciferase release in differentiated clones

3.10.1 IMR90-4 hPOMC-GLuc vs IMR90-4 no tag Gluc

The IMR90-4 hPOMC-GLuc and IMR90-4 no tag GLuc clones were differentiated
according to Maury et al for 32 days. Cells were exposed to Na*-HBS control buffer and K*-
HBS depolarization buffer with and without 10 mM EGTA for 3 minutes at 37 °C and then
luciferase activity was measured in the supernatant. In IMR90-4 hPOMC-GLuc MNs, there
was no significant difference in the luciferase activity in the supernatant in the cells exposed to
depolarization buffer compared to any of the other buffers. In the IMR90-4 no tag GLuc clone,
there was no significant change in luciferase activity released into the supernatant after
exposure to control and depolarization buffers (Figure 103). While the luciferase activity
detected in the supernatants of the IMR90-4 hPOMC-GLuc clone was significantly higher than
the activity detected in the supernatants of the IMR90-4 no tag GLuc clone (f(1)=4.974,
p < 0.05), a Sidak post-hoc test did not reveal any significant pairwise differences provoked by

exposure to each buffer type.
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Figure 103: Luciferase released from IMR90-4 hPOMC-GLuc and IMR90-4 no tag GLuc derived motor neurons (Maury D32),
1.5x10° cells were pre-incubated with fresh N2B27 medium for 10 min at 37°C. Release of luciferase activity was stimulated
with control (Na+-HBS) or stimulation buffer (K+-HBS) in the absence or presence of 10 mM EGTA for 3 min at 37°C and
luciferase activity in the supernatant was measured. The average of the luciferase activity in Na+-HBS and K+-HBS
supernatants from each individual clone was calculated and the percent difference from the average for each condition is
presented as means = SD of 24 measurements in 8 independent experiments (hPOMC-GLuc) or 12 measurements in four
independent experiments (no tag GLuc). Statistically significant outliers were removed using the interquartile range. Statistical
analysis with two-factor ANOVA, post-hoc analysis with Sidak’s multiple comparison test.

The IMR90-4 hPOMC-GLuc clone was plated at various confluencies and
differentiated according to Maury et al for 32 days. Two different pre-incubation media were
compared: the standard N2B27 medium and neurobasal medium. Cells were exposed to either
standard control or depolarization buffers. Pre-incubation of the samples plated at the standard
cell density (1.5 x 10° cells/well) with neurobasal buffer resulted in higher luciferase activity
from the samples exposed to EGTA (Figure 104 A). With cells plated at a density of 7.5 x 10*
cells/well, there was a slightly higher luciferase activity in the samples exposed to the
depolarization buffers, both without and with EGTA (Figure 104 B). No differences in
luciferase activity were evoked by any of the buffers in cells plated at densities between 6 x 10*
and 3 x 10* cells/well (Figure 104 C and D).
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Figure 104: Luciferase released from IMR90-4 hPOMC-GLuc derived motor neurons (Maury D32). Cells were pre-incubated
with fresh N2B27 or Neurobasal medium for 10 min at 37°C. Release of luciferase activity was stimulated with control (Na+-
HBS) or stimulation buffer (K+-HBS) in the absence or presence of 10 mM EGTA for 3 min at 37°C and luciferase activity in
the supernatant was measured. The average of the luciferase activity in Na+-HBS and K+-HBS supernatants from each
individual clone was calculated and the percent difference from the average for each condition is presented as means + SD.
Various densities of cells were plated to test the effect of confluency on the test, (a) neurobasal pre-stimulation medium was
tested. Sections A, C, D,: n=4 in 2 independent experiments; B: n = 2 in 1 independent experiment.

3.10.2 IMR90-4 VAMP2-GLuc luciferase release

3.10.2.1 Establishing appropriate experimental parameters

It was first necessary to determine the appropriate TEV protease concentration,
incubation time, and temperature needed to detect possible post-depolarization circulating
GLuc. The initial experiments including the TEV protease were carried out at 30 °C, due to the
enzyme’s optimal activity at between 4 - 30 °C13, The cells were incubated in either Na*-HBS
control buffer and the K*-HBS depolarization buffer in the absence or presence of 5U TEV
protease and the absence or presence of the calcium chelator EGTA. There was only a very

minor and insignificant trend towards inhibition of luciferase release in those samples incubated
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without TEV protease and with 10 mM EGTA. None of the other combination of factors tested

resulted in any change in luciferase activity patterns (Figure 105).

Luciferase release from IMR90-4 VAMP2-GLuc derived motor neurons
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Figure 105: Luciferase release under exposure to 5U TEV protease from IMR90-4 VAMP2-GLuc derived motor
neurons(Maury D30). Cells were pre-incubated with fresh N2B27 medium for 10 min at 37 °C. Release of luciferase activity
was stimulated by Na*-HBS control buffer and the K*-HBS depolarization buffer in the absence and presence of 5 U TEV
protease and 10 mM EGTA at 30 °C for 20 min. The quotient of the luciferase activity in the supernatants and the lysates from
each condition was calculated, presented as means + SD. n = 6 in 2 independent experiments.

Synaptic vesicle endocytosis occurs at a slower rate at room temperature'4, therefore
the subsequent experiment was carried out for 2 hours at 24 °C. Cells were incubated with
medium, in addition to Na*-HBS control buffer and K*-HBS depolarization buffer, in order to
assess if spontaneous GLuc/neurotransmitter release could be measured. A series of increasing
concentrations of TEV protease (0 U, 1 U, 5 U, and 10 U) were tested per incubation scenario.
There was an insignificant increase in luciferase activity in cells exposed to increasing
quantities of TEV protease while incubated with medium. There was no significant increase in
luciferase activity upon exposure of the cells to 1 U of TEV protease while incubating with
Na*-HBS buffer nor with K*-HBS buffer. There was an insignificant trend towards increased
luciferase activity after incubating the cells in Na*-HBS buffer plus 5 U TEV protease, while
there was a significant 3 fold increase in luciferase activity after cells were exposed to 5 U TEV
protease in the K*-HBS buffer. After incubation with 10 U TEV protease in Na*-HBS buffer
the luciferase activity increased by approximately 8 fold and in K*-HBS buffer the luciferase
activity also increased by over 7 fold (Figure 106). All subsequent experiments including the

TEV protease were carried out with 10 U per reaction for 2 hours at 24 °C.
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Figure 106: Luciferase release under exposure to increasing concentrations of TEV protease from IMR90-4 VAMP2-GLuc
derived motor neurons (Du D31). Cells were pre-incubated with fresh N2B27 medium for 10 min at 37 °C. Release of luciferase
activity was stimulated by N2B27 medium, Na+-HBS buffer, and K+-HBS buffer in the presence of 0U, 1U, 5U or 10U TEV
protease at 24 °C for 2 hours The quotient of the luciferase activity in the supernatants and the lysates from each condition
was calculated, presented as means + SD. *p < 0.05, **p < 0.01; n = 2 in 1 independent experiment.

3.10.2.2 Luciferase release from IMR90-4 VAMP2-GLuc derived motor neurons exposed
to BoNT/A

Due to the consistent increase of luciferase activity in samples incubated in both Na*-
HBS or K*-HBS buffers and exposed to TEV protease, IMR90-4 VAMP2-GLuc clone 11 was
differentiated according to Du et al for 38 days and tested for the release of luciferase after
exposure to Botulinum neurotoxin serotype A for 48 hours. Two groups of cells (those
incubated in standard differentiation medium and those additionally exposed to 100 pM
BoNT/A) were incubated in either medium, Na*-HBS buffer, or K*-HBS buffer in the absence
or presence of 10 U TEV protease. Neither the exposure to TEV protease nor to BONT/A
affected those cells incubated in medium. On the other hand, there was a strong 22 fold increase
in luciferase activity in the supernatant of cells incubated in Na*-HBS buffer while exposed to
TEV protease. Exposure to BoNT/A in the parallel cell group significantly decreased the
supernatant luciferase activity to only 16 fold higher than the control without the protease. The
cells incubated in K*-HBS buffer and exposed to TEV protease had an 18 fold higher
supernatant luciferase activity as opposed to the cells not exposed to TEV protease. While the
exposure to BONT/A appeared to slightly reduce luciferase activity in cells incubated with TEV

protease and K*-HBS buffer, this decrease is not significant (Figure 107).
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Figure 107: Luciferase release under exposure to TEV protease and BoNT/A from IMR90-4 VAMP2-GLuc derived motor
neurons (Du D38). Cells were incubated in either standard differentiation medium or differentiation medium plus 100 pM
BoNT for 48 hours. Cells were washed once with fresh medium and then pre-incubated with fresh N2B27 medium for 10 min
at 37 °C. Release of luciferase activity was stimulated by N2B27 medium, Na+-HBS buffer, or K+-HBS medium in the absence
and presence of 10U TEV protease at 24 °C for 2 hours. The quotient of the luciferase activity in the supernatants and the
lysates from each condition was calculated, presented as means + SD. Statistical analysis determined by t-test. *p < 0.05,
**p < 0.01, ****p < 0.0001. n = 4 in 2 independent experiments.

3.10.2.3 Modifications to luciferase release protocol for IMR90-4 VAMP2-GL.uc clone

In order to establish a more substantial cell depolarization technique, IMR90-4
VAMP2-GLuc cells differentiated for 38 days according to Du et al were incubated in Na*-
HBS buffer prepared with and without 10 U TEV protease in the presence and absence of 1 mM
carbachol, a muscarinic and nicotinic agonist. As previously determined, the addition of 10 U
TEV to Na™-HBS buffer significantly increased the release of luciferase into the supernatant.
The addition of 1 mM carbachol to Na*™-HBS buffer did not significantly affect luciferase
release. In Na*-HBS buffer containing 10 U TEV and 1 mM carbachol, luciferase release
increased by approximately 3 fold in comparison to the buffer containing only 10 U TEV
(Figure 108). Carbachol in Na*™-HBS buffer could therefore instigate luciferase release from
IMR90-4 VAMP2-GLuc motor neurons. This is very important because, while exposure to
TEV protease alone can release GLuc into the supernatant, which can be partially repressed by
BoNT/A with the implication that this degree of reduced GLuc arises from the blocked fusion
of SVs to the presynaptic membrane, the increase of GLuc activity in the supernatant after the
addition of 1 mM carbachol implicates that a fusion event is being stimulated beyond that

measured by TEV protease alone.
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Figure 108: Luciferase release under exposure to carbachol or TEV protease from IMR90-4 VAMP2-GLuc derived motor
neurons (Du D38). Cells were pre-incubated with fresh N2B27 medium for 10 min at 37 °C. Release of luciferase activity was
stimulated by Na+-HBS buffer including 10U TEV protease in the absence or presence of 1 mM carbachol at 24 °C for 2 hours.
The quotient of the luciferase activity in the supernatants and the lysates from each condition was calculated, presented as
means + SD. Statistical significance determined by t-test, ns = not significant, * = p < 0.05, ** =p <0.01. n=4-8 in 2-4
independent experiments.

3.10.2.4 IMR90-4 VAMP2-GLuc clone differentiated according to Du et al

IMR90-4 VAMP2-GLuc clone 11 was differentiated for 38 days according to Du et al.
Cells were exposed to N2B27 medium, Na*-HBS buffer and K*-HBS buffer containing 10 U
TEV protease in the presence and absence of 1 mM carbachol and 10 mM EGTA. The presence
of carbachol induced a significant increase of luciferase release in cells exposed to Na*-HBS
buffer and K*-HBS buffer, but not in cells exposed to N2B27 medium. The addition of 10 mM
EGTA to Na*-HBS buffer significantly reduced the luciferase released elicited by carbachol by
approximately 2 fold. The addition of EGTA also caused a significant 2 fold decrease of
luciferase release in cells exposed to N2B27 medium without carbachol, but otherwise no other

significant differences in luciferase release (Figure 109).
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EGTA-dependent inhibition of TEV-mediated Carbachol-
elicited GLuc release from IMR90-4 VAMP2-GLuc derived motor neurons
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Figure 109: Luciferase release under exposure to TEV protease, and carbachol and/or EGTA from IMR90-4 VAMP2-GLuc
derived motor neurons (Du D38). Cells were pre-incubated with fresh N2B27 medium for 10 min at 37 °C. Release of luciferase
activity was stimulated by N2B27 medium, Na+-HBS buffer, or K+-HBS medium including 10U TEV protease in the absence
or presence of 1 mM carbachol and 10 mM EGTA at 24 °C for 2 hours. The quotient of the luciferase activity in the supernatants

and the lysates from each condition was calculated, presented as means + SD. ** = p <0.01, ***p < 0.001, n = 2-8 in 1-4
independent experiments.

3.10.2.5 IMR90-4 VAMP2-GLuc clone differentiated according to Maury et al

IMR90-4 VAMP2-GLuc clone 11 were differentiated for 40 days according to Maury
et al. Cells were exposed to N2B27 medium, Na*-HBS buffer and K*-HBS buffer containing
10 U TEV protease in the presence and absence of 1 mM carbachol and 10 mM EGTA. The
presence of carbachol induced a significant increase of luciferase release in cells exposed to
N2B27 medium and Na*-HBS buffer, but not in cells exposed to K*-HBS buffer. The addition
of 10 mM EGTA to Na™-HBS buffer significantly reduced the luciferase released elicited by
carbachol, reducing luciferase in the supernatant to levels similar to Na*-HBS buffer only. The
addition of EGTA caused no other significant differences in luciferase release from cells
incubated with N2B27 medium or K*™-HBS buffer (Figure 110). The similarity between the
EGTA-dependent inhibition of TEV-mediated carbachol elicited GLuc release from iPSC
derived IMR90-4VAMP2-GLuc motor neurons differentiated according to Du et al and
according to Maury et al indicate that the small, but significant increase of MNs gained by the
Du protocol might not make a difference in the clone’s ability to release luciferase under the

correct stimulation conditions.
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Figure 110: Luciferase release under exposure to TEV protease, and carbachol and/or EGTA from IMR90-4 VAMP2-GLuc
derived motor neurons (Maury D40). Cells were pre-incubated with fresh N2B27 medium for 10 min at 37 °C. Release of
luciferase activity was stimulated by N2B27 medium, Na+-HBS buffer, or K+-HBS medium including 10U TEV protease in
the absence or presence of 1 mM carbachol and 10 mM EGTA at 24 °C for 2 hours. The quotient of the luciferase activity in
the supernatants and the lysates from each condition was calculated, presented as means £ SD. *p < 0.05. n=2in 1

independent experiment.

3.10.2.6 Specificity of luciferase release from IMR90-4 VAMP-GLuc vs IMR90-4 no tag

GLuc derived motor neurons

In order to verify the specificity of the luciferase release from the IMR90-4 VAMP2-
GLuc cells in response to carbachol, the IMR90-4 no tag GLuc clone was differentiated for 38
days according to Du et al and exposed to Na*-HBS buffer in the presence and absence of 1 mM
carbachol and 10 mM EGTA. A statistically significant difference in luciferase release was
found both between the clone tested (VAMP2-GLuc vs no tag GLuc, f(1)=20.23, p < 0.001)
and between the buffers tested (f(3)=6.21, p <0.01), furthermore there was a statistically
significant interaction between the clone and the stimulation buffer (f(3)=10.07, p < 0.001). A
Sidak post-hoc test revealed a significant pairwise difference of greater than 6 fold between the
luciferase release from IMR90-4 VAMP2-GLuc and IMR90-4 no tag GLuc derived motor
neurons provoked by carbachol in Na*-HBS buffer (Figure 111).
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Figure 111: Luciferase release under exposure to TEV protease, carbachol and EGTA from IMR90-4 VAMP2-GLuc and
IMR90-4 no tag GLuc derived motor neurons (Du D38). Cells were pre-incubated with fresh N2B27 medium for 10 min at 37
°C. Release of luciferase activity was stimulated by Na+-HBS buffer including 10U TEV protease in the absence or presence
of 1 mM carbachol and/or 10 mM EGTA at 24 °C for 2 hours. The quotient of the luciferase activity in the supernatants and
the lysates from each condition was calculated, presented as means * SD. Statistical analysis with two-factor ANOVA, post-
hoc analysis with Sidak’s multiple comparison test, *** = p < 0.001; n = 2-8 in 1-4 independent experiments.

3.10.2.7 Conclusions of luciferase release optimization

At this timepoint, a protocol to reliably provoke the release of luciferase from the
differentiated IMR90-4 hPOMC-GLuc clone has not been developed. On the other hand, the
Du et al differentiated IMR90-4 VAMP2-GLuc clone showed promising responses to exposure
to BoNT/A, whereby the increase in luciferase release in Na*-HBS buffer with 10 U TEV
protease was significantly reduced, although not entirely inhibited, after exposure to BoNT/A.
Furthermore, when incubated with 10 U TEV protease, IMR90-4 VAMP2-GLuc clone
differentiated according to both Du et al and Maury et al, releases significantly greater amounts
of luciferase after exposure to 1 mM carbachol in Na*-HBS buffer as compared to Na*-HBS
buffer alone. Furthermore, this luciferase release can be significantly reduced during EGTA
and Carbachol co-incubation. This experimental design can be used as a foundation for

troubleshooting in the search for an appropriate protocol for the MoN-Light BONT assay.
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4 Discussion

4.1 Overview

4.1.1 Background of motivation behind the MoN-Light BoNT assay development

Botulinum neurotoxin is an important medication to treat multiple disorders associated
with hyperactivity of efferent nerves. The prerequisite for the safe use of the potentially lethal
toxin is the exact determination of the activity of each batch, which usually is achieved with the
ethically controversial mouse lethality assay***°. Alternative methods to accurately and reliably
measure the toxin’s potency, beyond the standard mouse bioassay, are greatly lacking.
Recently, a novel method was developed that allows the determination of the activity of any
BONT serotype by measuring the simultaneous release of neurotransmitters and a genetically
engineered reporter protein from SIMA neuroblastoma cells upon cellular depolarization?. As
discussed in the Introduction (see 1.3.4.3), most other alternatives to animal testing are either
only sensitive to one BONT serotype, or only measure the activity of the LC endopeptidase,
without taking into account the important activation steps of the toxin, including the protein’s
cellular internalization or the translocation of the LC from the SV lumen into the cytosol of the

presynaptic terminal (see 1.3.3 for summary of BONT activity in MNs).

4.1.2 Aim of MoN-Light BoNT assay design

While the potential applicability and relevance of the SIMA prototype assay, carried out
with the SIMA Random-Insertion_hPOMC1-26GLuc clone, is unmistakable, there is still room
for improvement. The purpose of this project was to identify the aspects of the SIMA Random-
Insertion_hPOMC1-26GLuc prototype that could possibly hinder it from being the most
accurate and precise assay, and to modify them to mimic the in vivo intoxication with BoNT as
closely as possible. The vision of this in vivo simulation entails the use of motor neurons, the
target cells of BoNT, which have been differentiated from hiPSCs modified with the
CRISPR/Cas9 genetic engineering tool to stably express a Gaussia luciferase reporter gene.
CRISPR/Cas9 allows the insertion of the donor DNA into an exact point in the genome, in this
case the AAVSL safe harbor locus, to avoid any of the unwanted side effects potentially caused
by other modification methods which randomly modify the genome®®’. The genetic
engineering of the hiPSCs allows the unlimited propagation of human-derived cells which can
be differentiated into any cell type while still carrying the donor DNA integrated into the cell’s

genome. The differentiation into motor neurons, which should express the exact receptors
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necessary for the uptake of BONT and the exact target proteins cleaved by the assorted BoNT
serotypes, creates a hypothetically ideal environment in which BoNT can function. The
implementation of these three factors together can greatly increase the applicability and

relevance of this potency assay.

4.1.3 Characterization and problematic aspects of clones prepared for the MoN-
Light BoONT assay

In order to assure that the clones developed for use in the MoN-Light BONT assay were
accurately designed, that the CRISPR/Cas9 method was correctly implemented, and that the
resulting clones were expressing the reporter protein in the correct subcellular compartments,
the clones were fully characterized. Post-transfection and isolation of the clones, it was verified
that they contained the reporter gene in the AAVS1 safe harbor locus, the number of insertions
of the reporter gene in the genome was analyzed, and the localization of the reporter protein
was identified. Only after all aspects of the genetic modification were analyzed could the clones
be tested for their applicability in the MoN-Light BONT assay. Once it became clear that the
luciferase release conditions optimized for SIMA Random-Insertion_hPOMC1-26GLuc could
not be transferred and applied directly to the differentiated MNs derived from the IMR90-4
hPOMC-GLuc clone, the additional requirement arose to address which aspects of the clone

preparation could be problematic. Several potential issues were identified:

1) The movement of GLuc through the neurosecretory pathway was partially verified
by the protein’s colocalization with the Golgi apparatus. However, it was still unknown
whether upon differentiation, the hPOMC signal peptide continued to correctly direct
GLuc into neurosecretory vesicles. To troubleshoot this problem, two additional
constructs to direct GLuc into LDCVs with the CgA and Sgl1 sorting tags were prepared.

2) The hPOMC signal peptide directs GLuc into LDCVs, which are similar to SVs, from
which classical neurotransmitters are released, but which are distinctly packaged and
undergo divergent exocytosis (see 1.2.1 in Introduction). The assay ideally should
measure the exact co-release of neurotransmitters and GLuc from the same vesicle, so
a construct was designed to incorporate GLuc into secretory vesicles by fusing GLuc to
the transmembrane SV protein, VAMP2.

3) While the expression of GLuc was verified in the MN population tested in the release

assay, the population is actually not 100 % MNs®. It was possible that GLuc was not
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actually being expressed in the correct cell subpopulation. In order to exclude this
possibility, it would be necessary to verify the colocalization of GLuc with proteins

associated with differentiated motor neurons.

4) The fusion of LDCVs and SVs to the presynaptic membrane of neurons is likely
instigated by different factors, whereby a brief stimulus can provoke extremely quick
exocytosis of SVs, and a stronger stimulus can provoke a delayed but longer-lasting
exocytosis of LDCVs!'4 1 The depolarization protocol was optimized in SIMA cells,
which might respond differently to stimuli than the iPSC-derived MN population.

Therefore it is necessary to optimize a specific protocol for the differentiated cells.

4.2 Production of CRISPR/Cas9 associated plasmids

The CRISPR/Cas9 genetic engineering in this project was carried out by the co-
transfection of two plasmids. One plasmid contained the coding sequence for eSpCas9, an
enhanced specificity Cas9 developed by the Zhang lab’ designed to reduce off-target effects
of the CRISPR/Cas9 system. This plasmid also contained a cloning site in which the sRNA
sequence should be integrated, which directs the Cas9 endonuclease to the unique cleavage site
in the genome. The AAVSL1 genomic safe harbor locus, located in the PPP1R12C gene, was
selected due to its wide use and the availability of multiple validated plasmids for the site. There
are two common target sites at the AAVS1 safe harbor locus, designated as T1 and T2, to which
the sgRNA can direct the endonuclease. An analysis of successful homology-directed
recombination integrations at these two sites found there was an approximate 3 % success rate
at site T1, while there was an approximate 8 % success rate at site T273. For this reason, the

SgRNA recognizing the T2 site was cloned into the eSpCas9(1.1) plasmid (Figure 23).

The second plasmid, pAAVS1-P-MCS, was already designed to contain the sequences
for the left and right homology arms for the AAVS1 safe harbor locus and the puromycin
antibiotic resistance gene’. The remaining donor DNA sequence between the two HAs,
including the promoter and Gaussia luciferase fused with a selection of sorting signals, were
cloned into the MCS. Two derivatives of the Efla promoter were initially prepared and
incorporated into the donor plasmid. The Efla promoter has been reported to maintain
consistent and strong expression in both pluripotent and differentiated states'®"1%°%" and was
deemed to be an appropriate promoter for this project. The Efla promoter was amplified from
gDNA extracted from HEK cells using a primer pair designed according to the promoter

sequence information provided with the plasmid pEF-Bos*®. The second promoter, designed
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by InvivoGen, is a hybrid of a segment of the EF1a core promoter fused with a segment of the
Human T-Cell Leukemia Virus (HTLV). The Ef1-HTLV promoter is non-tissue specific and
highly expressed in all cell types, the addition of the HTLV segment should increase steady
state transcription and translation efficiency by enhancing RNA stabilization®”. Both the
promoters were successfully cloned into the pAAVS1-P-MCS donor plasmid, along with the
hPOMC-GLuc fusion sequence (see section 3.1.2). SIMA neuroblastoma cells were transiently
transfected in parallel with both constructs, however, only the Ef1-HTLV fusion promoter
actually led to the expression of GLuc (Figure 32). The explanation why the Efla promoter did
not express GLuc in the SIMA cells remains unclear. No troubleshooting was carried out for
this promoter, since the second promoter option, Ef1-HTLV, highly expressed GLuc.

The first sorting signal used to direct GLuc into secretory vesicles was the same first 26
amino acids of hPOMC used for SIMA Random-Insertion_hPOMC1-26GLuc. This seemed to
be the obvious choice, since it was already shown by differential centrifugation that GLuc was
directed into vesicles and furthermore the clone was already proven to reliably release luciferase
upon exposure to depolarization buffer?. To account for inefficient sorting or targeting into an
incorrect vesicle population, several additional plasmid constructs to sort GLuc to various
vesicle types were prepared. These alternative sorting signals included CgA, Sgll, and VAMP2.
The granin family, including CgA and Sgll, are well-characterized proteins in the regulated
secretory pathway?° and should therefore sort GLuc into the same LDCVs as hPOMC. On the
other hand, VAMP?2 is a transmembrane protein on both LDCVs and SVs and is a member of
the SNARE protein family subject to cleavage by BoNT/B, D, F, and G?4. In this construct,
GLuc was fused to VAMP2 by a linker sequence containing multiple restriction enzyme
recognition sites and a recognition sequence for the TEV protease!*®. Both the TEV recognition
sequence and GLuc were designed to extend into the lumen of the vesicle, attached to the C-
terminus of VAMP2. This construct should increase the possibility that GLuc actually reaches
the SVs, which contain classical neurotransmitters and are therefore the most relevant vesicles
to neuronal communication and the paralytic effects of BoNT8284116 The use of the TEV
recognition sequence linker between VAMP2 and GLuc was incorporated in order to provide a
possibility to selectively cleave GLuc from VAMP2 at the point of vesicle-presynaptic

membrane fusion (see section 1.6.1.3 for a full description of GLuc/VAMP?2 cleavage).
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4.3 Characterization of GLuc clones

Once clones were produced and selected for puromycin antibiotic resistance, it was
important to characterize them, as mentioned above. First, it was necessary to verify that the
insertion of the donor DNA took place at the AAVS1 safe harbor locus, as directed by
CRISPR/Cas9. Second, the specificity of the integration must also be verified to track any off-
target donor DNA integrations. Finally, it was necessary to confirm that the GLuc protein is

sorted into the targeted neurosecretory vesicle.

4.3.1 Confirmation of donor DNA integration at the AAVS1 safe harbor locus
The first two steps are necessary to verify the efficacy of the genetic modification using
CRISPR/Cas9. The genetic editing tool can be applied to insert a donor DNA into a specific
locus in the gDNA by homology-directed recombination, and therefore the correct integration
with no off-target insertions must be verified. The first step in each clone’s characterization is
theoretically easy. The target locus is known, therefore the gDNA sequence is known, and PCR
primers can be designed to flank the homology arms surrounding the locus. These primers will
amplify either the unaffected WT sequence or, if the donor DNA is successfully inserted, the
modified sequence. The theory is straightforward, but in this case it required substantial
optimization (sections 3.2.1 and 6.5). The first attempts to amplify the AAVS1 safe harbor locus
in gDNA from non-transfected SIMA cells using primer pairs located 5 of the left HA and 3’
of the right HA were unsuccessful despite testing multiple primer pairs at multiple annealing
temperatures. Furthermore, the control amplification with the same primers and thermocycling
protocol published by the group which produced and distributed the donor DNA plasmid* also
did not result in an amplified product. Finally, using a primer localized in the middle of the
right HA, paired with the original primer located 5” of the left HA, a product of the correct size
with no non-specific by-products could be amplified from gDNA of non-transfected cells. This
same primer pair could also be used to amplify the locus containing the integrated donor DNA,

thus identifying both heterozygous and homozygous integrations.

The use of guanine/cytosine (GC)-rich genomic templates can have an adverse effect
on PCR amplification efficiency, whereby GC residues can fold into complex secondary
structures which do not melt and remain inaccessible to PCR primers?°. The 200 bp flanking
the 3’ side of the right HA contain 64 % GC content, while the final successfully amplified
insert confirmation region contains 57 % GC content. Despite PCR protocol optimization with

DMSO, the high GC content could have hampered the amplification reaction. While is not ideal
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that one of the primers is not completely outside the area effected by the HDR, the sequencing
results of the homozygote clones have confirmed that the HA regions retain the exact expected
sequence, therefore the slightly shorter coverage of the insert confirmation product does not
affect the identification of donor DNA integration at the AAVS1 safe harbor locus (see Figure
14, Figure 42, section 3.2.1, and section 6.4.10).

As documented in the Results (section 3.4.1), of all the isolated CRISPR-modified
SIMA clones, only one (SIMA hPOMC-GLuc 29) appeared to have gone through full
homozygous donor DNA integration. All remaining clones with a confirmed insert were
heterozygotes for the donor DNA and WT alleles. The rate of homozygosity appears to be 1
out of 21 clones, and therefore less than 5 %. On the other hand, of the total 77 CRISPR-
modified IMR90-4 clones analyzed for their insert status, 50 of them were homozygote clones,
reaching a rate of almost 65 %. The main mechanisms of double strand break repair are
homology-directed recombination and non-homology end joining. HDR is highly specific and
mainly active during the S/G> (synthesis/gap 2) phases, whereas NHEJ is more prone to errors
but constitutively active throughout the cell cycle'?. Immortal tumor-derived cell lines, such
as the SIMA neuroblastoma cell line, are inherently flawed in that they have chromosomal
abnormalities which allow them to continuously divide. In addition they suffer from defective
DNA repair mechanisms*?2. Therefore, it might be the case that the more common and less
precise DNA repair mechanism, NHEJ, is favored by the SIMA cells, decreasing the chances
for HDR to take place and leading to the very low rate of homozygosity in comparison to the
IMR90-4 cells.

The clones that would be potentially used in the final differentiation and MoN-Light
BoNT assay were sequenced by Sanger. This was done to identify any possible mutations and
to verify that the insert amplicon visualized as a band in the agarose gel really represented the
donor DNA inserted in the AAVS1 safe harbor locus (see sections 3.4.1.1 and 6.4). The
sequence confirmation was carried out using the primary insert confirmation amplicon and an
additional secondary amplicon covering the right homology arm. As previously discussed, both
of the primary insert confirmation primers do not flank the entire sequence of both the HAs.
Rather, one primer is located in the middle of the right HA, while the other is found outside of
the left HA. An extra secondary amplicon covering the entire right HA and part of the Ef1-
HTLV promoter was designed to be complementary to the primary insert confirmation product,
in order to ensure 100 % coverage of the most important areas around the AAVSL1 safe harbor
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locus: both HAs, the promoter sequence, and the tagged GLuc sequence. The sequences of the
hPOMC-GLuc clones 6 and 4 clones aligned perfectly to the reference genomic sequence
except for one base, a C>T mutation that was found in both clones at the same nucleotide. This
position was found in the UCSC Genome Browser and identified as the SNP rs667451%%3, the
T variant is in fact the major allele with a frequency of 91.6 %, making it unsurprising that
either the IMR90-4 cells were homozygote T-allele carriers for this SNP, or that the sequence
from the 3 HA of the donor plasmid was incorporated into the genomic DNA at this point
during HDR. The unequivocal output of the sequences surrounding the HAs is a testament to
the efficacy of HDR, since this genomic area suffered a double strand break on both alleles and
completely integrated foreign DNA using a plasmid template without a single base change on

either allele.

4.3.2 Analysis of CRISPR-associated off-target integration events

An important aspect in the development of the MoN-Light assay is the exclusion of
clones with random integrations of the donor DNA into their gDNA. This is to prevent any
potential disruption in normal cellular processes that could be caused by the integration of
foreign DNA into functionally relevant genes. Therefore, the second essential element in the
characterization of the CRISPR-modified clones is to provide evidence of which clones
underwent multiple off-target insertions and which clones were successfully modified with only
1 - 2 copies of the donor DNA in the AAVSL1 safe harbor locus. Three techniques were tested
to this end, Southern blot, ligation-mediated PCR, and double-control gcnPCR.

4.3.2.1 Southern blot

Southern blot is a standard method to detect copy number variations in genomic DNA®,
While the southern blot probes were capable of detecting extremely high copy numbers of the
donor DNA, in this project it was not proven to be a reliable method to detect single insertion
events. As shown in the Appendix 6.6.1, the blots hybridized using the probe GLucF2R2
(Figure 131) could be developed to identify very faint bands at the fragment size known to
contain the GLuc donor DNA. However, with increasing exposure times these bands never
became more easily identifiable, rather the background increased in corresponding intensity.
Furthermore, not a single GLuc probe tested hybridized with any segment of digested gDNA
from the SIMA Random_Insertion-hPOMC1-26GLuc clone. This clone also has GLuc

incorporated into its genome at multiple unknown loci and therefore should have had multiple
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identifiable bands. The method was not sensitive and reliable enough to exclude potential off
target integrations of the construct.

4.3.2.2 Ligation-mediated PCR

Another common method to identify insertions of a known DNA fragment in an
unknown gDNA locus is the ligation-mediated PCR*?4. This method involves digesting gDNA
with a restriction enzyme, then ligating annealed oligonucleotides with the corresponding
restriction digested overhangs, and finally PCR amplifying fragments containing the donor
DNA. The PCR is carried out using a primer based on the known donor DNA sequence and
one of the corresponding ligation oligonucleotides as the primer pair. Unfortunately this method
also failed. Since potential qPCR techniques to quantify the insert copy number were being
optimized in parallel, the focus was shifted to these tests and away from the ligation-mediated
PCR.

4.3.2.3 Double-control quantitative copy number PCR

Introduction to dc-qcnPCR method

Given the fact that gPCR can be used to detect small changes in genetic expression by
monitoring the amplification of cDNA fragments!?®, it is logical that the same instrument should
be capable of also detecting small variations in gDNA copy number. Therefore, an
autosomal/ChrX double-control quantitative copy number PCR (dc-gcnPCR) method was
devised and optimized to reliably detect one copy (heterozygous insertion), two copies
(homozygous insertion, when verified by insertion confirmation gel), or more than two copies
(multiple off-target insertions) of a target sequence. Critical to this test is that the cell population
is monoclonal. While any result indicating more than two copies clearly suggests the presence
of off-target integrations, any result indicating two copies or less could either suggest the
heterozygous or homozygous insertions, but could also be due to contaminations from non-
GLuc expressing cells. All clones in this project were subjected to monoclonal isolation (see
section 2.4.2). The clones used in this project were confirmed to be monoclonal by the detection

of GLuc using immunofluorescence (See section 3.4.3)

This technique has proven to be an efficient and simple method to identify clones with
only one or two copies of the donor DNA inserted into the genome. If two copies are amplified,

it is possible to determine if the clone is homozygous for the insertion or if it contains one on-
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target insertion and one off-target insertion in conjunction with the insert confirmation PCR
result. The clones isolated for this project were validated through the comparison of GLuc
amplification with that of a ChrX gene, after normalization to an autosomal gene. It may be
possible to accurately quantify copy numbers greater than two, but this was not validated for
this specific project because any copy number greater than two automatically revealed the
existence of off-target integrations. In order to validate copy numbers greater than two, it would
be necessary to include the sequence of a copy number variant with multiple known copies in
the experimental parameters. For the case of this project, however, the most important point
was to exclude off-target integrations, therefore the level of sensitivity of this technique was
sufficient.

Analysis of CRISPR modified clones

While a selection of the SIMA clones modified to contain the tagged-GLuc construct
were shown to contain only two copies of GLuc (for example SIMA hPOMC-GLuc clones 4
and 5), many SIMA-derived clones from both the hPOMC-GLuc group and the VAMP2-GLuc
group had off-target integrations in their genomes, sometimes more than ten times as many as
expected and desired (see section 3.4.2). This is especially interesting upon consideration that
the SIMA clones were also those in which 95 % of the integrations were only heterozygous.
One allele would have been subject to an integration event, but the other allele would not take
up the donor DNA, while apparently many other disruptions were occurring throughout the
gDNA, allowing the integration of the donor DNA in multiple random locations. On the other
hand, there was no instance in the CRISPR-modified IMR90-4 clones in which the copy number
was more than 4 fold higher than expected. It has been previously shown that off-target effects
are common in cell lines with dysregulated repair pathways, such as the homology-driven
recombination exploited in this project; whereas off-target effects are rare in healthy human
iPSC clones with functional repair pathways'?%?7, Therefore, as similarly discussed above in
regard to the difference in homozygosity between the SIMA derived clones and the IMR90-4
derived clones, the abnormalities associated with the immortalized SIMA cell line appear to
have disrupted the precise gene editing expected from CRISPR technology. Despite the intact
repair pathways present in the IMR90-4 cell line, there were still some off-target events
identified, suggesting that the direction of the Cas9 endonuclease to the AAVS1 safe harbor
locus was not always perfect, but still more precise in the iPSCs than in the SIMA cells.

169
Section 4.3



Off-target activity of CRISPR/Cas9 technology

Despite the great hype and excitement surrounding the accuracy of the CRISPR/Cas9
method, in the years since its establishment much work has been invested in producing delivery
systems with increased efficiency and precision’>!2130 One unfavorable point of the
technology is that the DSB induced by the Cas9 endonuclease is modulated by a short 20
nucleotide sgRNA, which upon direction to cleavage sites in the genome is actually tolerant to
mismatches in the target DNA. This lack of specificity in the identification and targeting of
genomic loci increases the risk of off-target DSBs and therefore also of off-target donor DNA
integrations. While there is little room to modify the short SgRNA, it has been shown that
specific sgRNA nucleotides distal and proximal to the PAM are correlated with on-target
efficiency. The GC content and secondary structure of the sgRNA also influence on-target

efficiency®?, points which might be exploited to improve editing specificity.

On the other hand, much more focus has been placed on modifications of the Cas9
endonuclease to enhance on-target DSBs. These approaches include either using Cas9 nickase
mutants to nick a single-strand of gDNA on either side of the insertion locus, or reducing the
expression of Cas9, or identifying and modifying specific amino acids which interact with the
target DNA and can influence the stability of on and off-target DSBs’21%2133, Some of these
strategies include aspects that are potentially detrimental to the method: eliciting a DSB with
Cas9 nickase mutants involves designing two sgRNAs, while the reduction of active Cas9
during the transfection may decrease on-target modifications as well as off-target
modifications. The application of “rationally engineered” Cas9 nucleases’? seems to be a logical
and simple approach to improve on-target efficiencies, but even the enhanced specificity Cas9
endonuclease expressed from the plasmid used in this project (section 3.1.1) did not generate
100 % on-target integrations. This particular project highlights and reinforces the absolute
necessity to inspect and validate each CRISPR-modified cell line. With the characterization
techniques presented in this work, however, it was possible to isolate and identify homozygote
clones with no off-target donor DNA integrations, which can be implemented in the MoN-Light

BONT assay.

4.3.3 Cellular localization of Gaussia Luciferase
In addition to the establishment of the location and number of donor DNA integrations
in each clone’s genome, the characterization of the CRISPR-modified clones also included the

verification of the GLuc protein localization. In all of the clones, except those originating from
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the no tag GLuc construct, a signal sequence was fused to GLuc, which directs the protein to
be trafficked through the Golgi apparatus and packaged in neurosecretory vesicles.

4.3.3.1 Differential centrifugation

The theoretical association of GLuc with the Golgi apparatus was first investigated by
differential fractionation. A similar method had been used to characterize the SIMA
Random_Insertion-hPOMC1-26GLuc clone, successfully establishing that the subcellular
distribution of GLuc in no tag vs hPOMC tagged Random Insertion clones had an inverse
relationship. Specifically, after homogenization, 80 % of GLuc in the SIMA Random Insertion
no tag clones was found to be in the soluble fraction, while only 20 % of GLuc was found in
the vesicular fraction. The exact inverse was measured for the SIMA Random_Insertion-
hPOMC1-26GLuc clone, supporting the theory that the hPOMC sorting signal was correctly
directing GLuc into secretory vesicles?. A similar experiment was carried out using the IMR90-
4 hPOMC-GLuc clone 6, homogenizing the cells according to the SIMA protocol and
centrifuging the cells at increasing velocities to separate them into 3 fractions: cellular debris,
cytosolic, and membrane/vesicle-associated. Unexpectedly, the greatest luciferase activity was
clearly detected in the cellular debris and cytosolic fractions (Figure 140). The most likely cause
of this discrepancy is that the optimal homogenization protocol is distinct for the SIMAs and
IPSCs, therefore the implementation of the SIMA homogenization protocol in IMR90-4 cells
resulted in inappropriately disrupted cellular structures and the detection of GLuc in incorrect

subcellular fractions.

The successful division of the subcellular components depends greatly on the initial
homogenization of the cells. It is necessary to find an intensity to homogenate the cells which
will break the cellular membrane, but not destroy the inner components of the cells. Tissue
culture cells are considered to be more difficult to fractionate than animal-derived tissue, due
to probable differences in cytoskeletal organization. The parameters that influence the quality
of cultured cell homogenization include the growth condition of the cells of interest, the
homogenization buffer, and the device used for the homogenization®. The ideal homogenate is
composed of intact organelles and cellular components as distinct elements in a free suspension.
Pre-existing cellular organization can cause certain organelles to remain associated with
cytoskeletal elements or remain in aggregates. The aggregates are often associated with DNA
spillage from ruptured nuclei that can easily sediment. The homogenization process must be

optimized for each cell culture line, due to their individual cytoplasmic and cytoskeletal
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organization. Part of the ideal optimization necessary to establish an appropriate
homogenization protocol involves the analysis of the homogenate with phase contrast

microscopy to verify that the nuclei remain intact and that no aggregates have formed®-,

The protocol used for this experiment was optimized for SIMA cells?, but the cells that
were analyzed in this case were the IMR90-4 hPOMC-GLuc iPSCs. Since the appropriate
control and tools to optimize and verify the homogenization were missing, this experiment was
not pursued further. While the use of subcellular fractionation is a classical biochemical method
to analyze neurosecretory vesicle localization, it has also been long established that the use of
indirect immunofluorescence in combination with confocal microscopy is a relevant method to
analyze intracellular sorting and the secretory pathway of both synaptic vesicles and large dense

core vesicles'®,
4.3.3.2 Localization of signal peptide tagged GLuc by immunofluorescence

Antibody verification and optimization

The second technique applied to verify GLuc sorting is immunofluorescence. This
method is more powerful than differential centrifugation because specific proteins can be
detected with antibodies and labeled with fluorescent markers, not only enabling the
visualization of the protein of interest, but also the comparison of two different proteins within
the same cell in live cells or at a fixed timepoint!*>1%, As described in the Results (section
3.4.3), the protein of interest can be co-stained with a protein which is associated with a
particular cellular region or structure and the colocalization between the two proteins can be
analyzed®*%. All antibodies used for the colocalization analysis were targeting proteins which

are known to be associated with the Golgi apparatus, LDCVs, or SVs.

The Golgi was labeled in iIPSCs because it is a key organelle in the processing and
packaging of proteins that are destined for secretory vesicles'” %, If a protein which has a signal
peptide for vesicular packaging is associated with the Golgi, it is very likely because the protein
is about to be loaded into/on a vesicle. For this reason, the undifferentiated IMR90-4 CRISPR-
modified clones were all analyzed for colocalization with the Golgi apparatus (section 3.4.3).
The IMR90-4 CRISPR-modified clones were not analyzed for colocalization with any vesicular
markers because the iPSCs do not express these proteins at this point. On the other hand, the
SIMA CRISPR-modified clones as well as the MNs derived from the IMR90-4 CRISPR-
modified clones could be analyzed for the association of GLuc with the vesicular proteins
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(section 3.9.3). The hPOMC-GLuc constructs were co-stained using antibodies targeting CgA
and Sgll, because all three of these proteins contain signal peptides for the LDCVs?%82137, The
VAMP2-GLuc constructs were co-stained with an antibody targeting Syp, the typical SV

marker’9:8384

The optimization of the staining protocols and finding the suitable antibody to
specifically label the protein of interest can sometimes be arduous. Problematic points faced in
this project were the validation of an appropriate Golgi marker and the screening of the anti-
Isletl antibody 1B1. An antibody against the trans-Golgi network (anti-Golgin-97) and a Lectin
Helix pomatia agglutinin Golgi marker were tested before successfully and specifically labeling
the cis-Golgi network with an anti-GM130 monoclonal antibody (see sections 3.2.3.2 and
6.6.3.2).

Golgin-97 is an important member of the trans-Golgi network conserved domain, GRIP
(Golgin-97, RanBP2a, Imhl1p and trans golgi p230), which functions to maintain the integrity
of the TGN through its association with TGN resident proteins'®*313°, The specific location of
the epitope against which the anti-Golgin-97 clone CDF4 reacts is not elaborated in the product
information'*°. This antibody has been successfully used to identify the TGN by other groups
in various cell types'*:1%3 therefore, the lack of staining in this particular sample could be due
to the lot production, although no problems had been reported at the time with this production
lot. Furthermore, the problem could have been due to the paraformaldehyde fixation of the
sample, during which it is possible that the epitope that should be recognized by the antibody
was modified, resulting in epitope masking™®>4414°, Finally, the affinity of the antibody to its
epitope might be weak'®13¢_ Since it was possible to eventually label the cis-Golgi network
with the monoclonal anti-GM130 antibody using the standard IF procedure, it is evident that
the entire Golgi apparatus structure was not destroyed by any step of the procedure. Rather, the
most likely complication was the availability of the epitope to the antibody in combination with
lower than optimal affinity of the antibody to the epitope. The unsuccessful binding of the
Lectin HPA marker to the a-N-acetylgalactosamine residues associated with the Golgi
apparatus was more likely due to the glycosylation state of the organelle, which may have

limited the reactivity of the lectin to the cis-Golgi cisternae'#6:147,

The two antibodies tested in order to label Isletl were both monoclonal antibodies
designed to target amino acids 149-350 of ISL1, although the target epitope of each antibody is
not specified by the producer*®4°, The anti-Isletl antibody from clone 1B1 was found to
associate with many unspecific cell-types, whereas the anti-Isletl antibody from clone 1H9 was
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found to only stain selected cells within a putative motor neuron population (see Figure 55 and
Figure 148). The region containing amino acids 149-350 encodes two common families and
domains, a LIM binding domain and a glutamine rich section of protein, both of which might
contain sequence similarities and therefore epitope similarity between distinct targets
throughout the genome*. The LIM binding domain found in Isletl, for example, has 80 %
similarity to Protein tyrosine phosphatase receptor type C-associated protein, a widely
expressed transmembrane protein®®! and 88 % similarity to the Transmembrane protein 23112,
If the monoclonal Isletl antibody from clone 1B1 happens to target an epitope that is associated
with one of these common regions, then it is possible that the antibody will stain multiple
proteins non-specifically. On the other hand, since the monoclonal Isletl antibody from clone
1H9 does appear to specifically stain motor neurons, it could be the case that the epitope

targeted by this antibody is associated with a region unique to Islet1.

Furthermore, discrepancies in labeling capacity between cell lines also arose. For
example two different antibodies targeting CgA were tested. Both intensely labelled CgA in
SIMA cells, but had no reactivity in MNs (3.2.3.2). It has been shown in multiple studies,
however, that CgA is expressed in MNs'®31% s it is unclear in this case if these MNs actually
do not express CgA or if there is another factor, such as epitope masking discussed above,
obstructing the protein’s detection. The immunohistochemistry protocol and access of the
antibody to the LDCV were validated by the positive detection of Sgll in MNs. Both CgA and
Sgll are found in the same set of LDCVs and therefore the access of the antibodies to these

proteins would be expected to be similar using the same protocol.

Description of colocalization analysis by confocal microscopy

One of the most important applications of fluorescence microscopy is the comparison
of the distribution of two fluorescently labeled molecules in live or fixed cells®. Often of
interest is whether these molecules are colocalized, which means they are present in proximal
spatial regions in a sample®1®. Fluorescence colocalization is especially relevant to assess
whether a particular molecule or protein associates with a specific cellular structure. The
repeated coincidence of two fluorescently labeled molecules can indicate that these two probes
are indeed spatially correlated, without the need for high resolution fluorescence resonance
energy transfer or electron microscopy®. The confocal microscope is capable of optically
sectioning the specimen of interest, and therefore can capture images in the z dimension,
thereby visualizing potential colocalization in a multidimensional array®®.
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Colocalization is often subjectively judged by superimposing two images capturing
probes labeled with Alexa-488 (green) and Alexa-568 (red) fluorescent secondary antibodies,
which appear yellow when they overlap. This is problematic, however, if the intensities of the
probes are not similar to one another, in this case one color may dominate the other and the
intermediate yellow cannot be seen with the naked eye®. In order to circumvent subjective
visualization issues, the first colocalization analysis tool employed in this project was the
graphic projection of the z-axis profile in specific cellular regions of the two fluorophores

labeling the proteins of interest (see sections 2.14.3, 3.4.3, and 3.9.3).

It is also possible to quantify colocalization. The main method is the calculation of the
Pearson’s correlation coefficient, which indicates the degree of colocalized signal in both
channels®1%, This calculation, however, measures pixel intensity correlation, and does not
account for possible differences in fluorescence intensity, which would result in low correlation
coefficients for two fluorophores that are spatially overlapping but have different intensities.
To correct for any differences in labeling intensities between GLuc and the potential colocalized
structure of interest, the Overlap correlation coefficient was utilized to assess colocalization in
this project. This calculation removes the mean intensity value of both analyzed channels in
order to determine actual overlap of the two channels in a particular voxel®®*1%, In this project,
the colocalization analysis is depicted using a representative confocal image with a region of
interest highlighted. From this region, the z-axis fluorophore profile of the proteins of interest

are plotted. This data is supplemented with the overlap coefficient for each region of interest.

Proof of concept — colocalization analysis of neurosecretory vesicles by confocal
microscopy

As elaborated in the Introduction (section 1.2) and mentioned above, neurosecretory
vesicle-associated proteins travel through the Golgi stack, where they are sorted into immature
vesicles which bud off of the trans-Golgi network®®. All of the clones in this project described
in detail above, except for the negative control no tag GLuc clone, express GLuc fused to a
sorting signal or protein associated with either large dense core vesicles or synaptic vesicles.
Therefore, in order to verify that the fusion proteins are not only being properly expressed, but
are properly expressed in the correct location, the colocalization analysis was carried out by
comparing the localization of GLuc with the localization of either the Golgi apparatus (in
IPSCs) or the appropriate neurosecretory vesicle (in SIMA clones and differentiated MNS).
Proteins associated with both LDCVs and SVs, for example CgA and VAChT, have been shown

by overlap correlation coefficient analysis of confocal images to be colocalized with the Golgi
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apparatus®’. Furthermore, the scrapie responsive gene one protein was found not only to be
highly colocalized with the Golgi apparatus, but it was also highly associated with Sgll,
indicating that this protein was moving through the neurosecretory pathway into LDCVs®'.
Additionally, the glucose transporter GLUT4 could be localized by immunofluorescence
microscopy to the perinuclear region and distal processes of differentiated PC12 cells and was
confirmed to colocalize with the SV marker protein synaptophysin®®. Finally, the calcium-
sensor protein synaptotagmin 7 was shown in insulin-secreting cells to not colocalize with
LDCVs, but rather colocalizes with Rab7 on endosomes™®. Given these examples, it is
appropriate to detect whether GLuc is colocalized with the Golgi, LDCVs, SVs, or none of the

structures, using confocal microscopy and colocalization coefficient analyses.

Colocalization analysis — clones associated with LDCV signal peptides

In the SIMA hPOMC-GLuc clone, GLuc had a high degree of colocalization with the
LDCV protein CgA?° and in the IMR90-4 hPOMC-GLuc clones 4 and 6, GLuc had a high
degree of colocalization with the Golgi apparatus. Therefore, GLuc is sorted correctly in the
IMR90-4 clones, with the expectation that, once differentiated, they can successfully transport

the newly packaged GLuc from the Golgi apparatus to the presynaptic terminal in LDCVs!®,

Both IMR90-4 CgA-GLuc and IMR90-4 SglI-GLuc clones are made of constructs that,
like hPOMC, are designed to deliver GLuc to LDCVs. In the IMR90-4 CgA-GLuc clone 8, the
protein labeling associated with GLuc was visible adjacent to the nucleus in a region close to
the Golgi apparatus, but it did not replicate the highly organized elongated accumulation
identified in the IMR90-4 hPOMC-GLuc clones. Instead, within this area, GLuc aggregates
appeared very coarse and irregular, in some areas the staining appears faint and diffuse and at
others globular and amassed (Figure 80 and Figure 81). This may point to an abnormal
degradation of GLuc when it is associated with the CgA sorting signal. Protein aggregates can
also be identified by IF in cells in which proteasomal and autophagic protein degradation is
inhibited!®®. Furthermore, misfolded proteins have been shown to accumulate next to but not in
the Golgi apparatus. The misfolding could be caused by errors in transcription, mRNA

processing, or translation'®?,

Both CgA and Sgll sorting sequences are 2.5 - 3.6 times larger, respectively, than the
GLuc protein (section 6.3). In both cases, the problematic GLuc sorting and expression could
be due to interference of the very large targeting sequences. Presecretory signal peptides have

been shown to vary in length and amino acid composition, but have been shown to share key
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features, such as a positively charged residue preceding a hydrophobic core approximately 12
AAs long!®2, All three LDCYV targeting sequences contain these features (see section 6.3.2),
however the hPOMC signal is only 26 amino acids long, whereas CgA and Sgll range from
450 to 620 AAs, with their presecretory signal peptide appearing in the first 25 AAs of the
sequence. Furthermore, signal peptidase recognition sites (preceded by alanine-X-alanine)
occur often within several AAs of the signal peptide!®2. Therefore, if the cleavage of the CgA
and Sgll signal peptides takes place at the beginning of these long sequences, the sequence still
attached to GLuc may be interfering with protein folding. There was no further analysis on the
colocalization of GLuc in the IMR90-4 CgA clones. The IMR90-4 Sgll-GLuc clone 11 only
expressed very low levels of luciferase, as seen in both the initial luciferase activity test and in
IF, which was did not consistently and clearly detect GLuc (Figure 82). For this reason, the

IMR90-4 Sgll-GLuc clones were not used in any further experiments.

Colocalization analysis — clones associated with the SV protein VAMP2

In the immunofluorescence analysis of the SIMA VAMP2-GLuc clone 1 only faint
staining associated with GLuc could be seen throughout the cell. There was little to no visible
sorting through the Golgi or colocalization with synaptophysin, a protein typically associated
with SVs (Figure 83). On the other hand, the IMR90-4 VAMP2-GLuc clone 11 did show
colocalization of GLuc with the Golgi, albeit with a lower correlation than that of hPOMC-
GLuc with either CgA (in SIMA cells) or Golgi (in IMR90-4 cells), but also with a significantly
higher correlation than no tag GLuc (Figure 84). The decrease in colocalization could be due
to complications originating from the construct itself: the Gaussia luciferase protein is
19.9 kDa®®, while the VAMP2 protein is only 13 kDa, with only a very short C-terminus amino
acid tail entering the SV lumen?*#’. The GLuc, attached to this short amino acid tail destined
for the lumen, is therefore even larger than the VAMP2 protein. This likely effects the behavior

and folding of VAMP2, as well as the transmembrane insertion of GLuc into the SV lumen.

Proof of concept — reaching the synaptic vesicle utilizing VAMP2

Other groups have successfully constructed fusion proteins with VAMP2, on both the
N and C termini, and have confirmed their final arrival at the vesicle membrane®>®’. Therefore,
the fusion protein described here should theoretically sort to the synaptic vesicles. Examples of
VAMP2-associated fusion proteins include one in which green fluorescent protein (GFP) was
fused to the VAMP2 N-terminus and expressed in SIMA cells. The correct sorting of GFP was
proven by cellular imaging, whereby under standard conditions the GFP was seen to be
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associated with vesicular structures, and after exposure to BoNT/B, the GFP was cleaved from
the VAMP2 protein and could be seen throughout the cytosol®®. The fusion of GFP to the N
terminus of VAMP?2 likely increases the chances of successful sorting to the neurosecretory
vesicles, since the majority of VAMP2 is localized on the cytosolic side of the vesicle and no
translocation of the reporter protein into the vesicular lumen must take place. However another
group successfully fused YFP (yellow fluorescent protein) and GFP, respectively, to the N and
C termini of VAMP2 in order to investigate the mechanism of protein sorting to SVs. The
cellular localization of these fusion proteins was also analyzed by fluorescence microscopy and
the two fusion proteins were found to have similar vesicular expression patterns in hippocampal

neurons®’.

In both examples, the verification of the fusion protein sorting onto the neurosecretory
vesicle was only analyzed by fluorescence microscopy detecting the specific reporter protein.
No quantifiable colocalization analyses were completed, rather the enrichment of fluorescence
was observed around vesicle-like puncta in the axons or surrounding the nucleus in a Golgi-
like manner. Therefore the degree of colocalization as analyzed in this report is unique to the
analysis of VAMP2 fusion protein constructs and the degree of successful sorting cannot be
compared directly to these previously reported constructs. Likely, however, in the case of the
IMR90-4 VAMP2-GLuc clone 11, a fraction of the fusion protein is successfully reaching the
SV, while the remaining fraction is either found in the LDCV or missorted. This point must be
kept in mind while testing the release of luciferase in the MoN-Light BoNT assay, because the
measurement of luciferase upon depolarization must be due to the fusion of the SV to the
presynaptic membrane and not due to the permanent availability of a possibly missorted fusion

protein.

4.4 1PSC derived motor neurons

4.4.1 Establishment of motor neuron differentiation

The tests to optimize the differentiation protocol were performed in a parallel PhD thesis
by a cooperating group at the University of Veterinary Medicine in Hannover®®!%, In short,
three peer-reviewed protocols developed by Du et al, Maury et al, and Kroehne et al were
implemented and analyzed in non-transfected IMR90-4 cells and hPOMC-GLuc clones. All
three protocols produced mixed motor neuron populations. The Du et al protocol could achieve
differentiated cell populations containing approximately 50 % motor neurons, but these results
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varied considerably (SD + 25 %). Both the Maury et al and Kroehne et al protocols more
consistently resulted in differentiated cell populations with only approximately 15 % motor
neurons. All protocols were shown to produce cells expressing all the receptors and substrates

necessary for BONT sensitivity®®.

Before the final motor neuron population analysis could be completed it was
communicated that the easiest protocol to carry out, and therefore the best candidate for the
MoN-Light BoNT assay, was that described by Maury et al. Therefore this was the first protocol
used to test the potential response of the IMR90-4 hPOMC-GLuc clone in the luciferase release
assay. Only later was it demonstrated that the protocol developed by Du et al resulted in the
highest percentage of MNs in the total pool of cultured cells, indicating that this protocol might
actually be more appropriate for the preparation of cells for the MoN-Light BoNT assay.
Therefore the Du et al protocol was later applied in the IMR90-4 hPOMC-GLuc, IMR90-4 no
tag GLuc, and IMR90-4 VAMP2-GLuc clones. Unfortunately, the IMR90-4 hPOMC-GLuc
clones all died approximately 2 —3 weeks into the differentiation in two independent
experiments. These clones were differentiated parallel to the IMR90-4 VAMP2-GLuc and
IMR90-4 no tag GLuc clones, which were successfully differentiated into a population
containing motor neurons (see section 3.8). Therefore any issues with a problematic batch of

medium can be excluded.

The Maury et al differentiation protocol involves only two major handling steps: the
cells first grow into neurospheres in suspension, and then they are directly plated on day 9 onto
Matrigel-coated plates until day 30%!%3, On the other hand, the Du et al protocol involves
splitting steps at day 6 and again at day 12, at which point the cells grow into neurospheres in
suspension. Finally at day 18 the cells are plated onto Matrigel-coated plates for final motor
neuron maturation®%3, Since the IMR90-4 hPOMC-GLuc clone 6 could be successfully
differentiated according to Maury et al, but not according to Du et al, the cells might be more
sensitive to the multiple and stressful handling steps carried out in the latter protocol. Clonal
variability can arise and affect the differentiation processt®*, so although the CRISPR-modified
IMR90-4 no tag GLuc and IMR90-4 VAMP2-GLuc clones could be successfully differentiated
according to Du et al, this does not preclude the successful differentiation of the IMR90-4
hPOMC-GLuc clone. No problems with cell survival arose during the Maury et al
differentiation of any of the clones.
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4.4.2 iPSCs and the motor neuron differentiation

Confirmation of IMR90-4 pluripotency

Pluripotency can be summarized as the stem cells’ expression of pluripotency markers,
their ability to self-renew, and their ability to differentiate into all three embryonic germ
layers'®. Gene expression of the four genes, SOX2, OCT4, NANOG and LIN28, used to
reprogram the IMR90-4 cells from fetal lung fibroblasts into iPSCs'®, was measured to confirm
the clones’ undifferentiated state. The non-transfected IMR90-4 cells and the clones relevant
for the MoN-Light BoNT assay (IMR90-4 hPOMC-GLuc clone 6 and 4, and IMR90-4
VAMP2-GLuc clone 11) all expressed these genes, while one MN sample analyzed alongside
the iPSCs as a control no longer expressed any of the four genes (Figure 93). It is important to
verify the pluripotent status of the non-differentiated cells to exclude possible spontaneous
differentiation before the implementation of the differentiation protocol. For example, Nanog
protein expression is essential for preserving pluripotency and its lowered expression can
induce unwanted differentiation'?’. During the investigation of embryoid body based
spontaneous differentiation of over 60 iPS cell lines, it was determined that lower expression
of pluripotency-associated genes, as compared to embryonic stem cells, resulted in
differentiated clones with more variable phenotypes. It was concluded that iPSCs can be pre-
selected for more consistent differentiation characteristics based upon this transcriptional
screen’®, Since the IMR90-4 cell line was purchased from a cell repository and had previously
been evaluated for their ability to form the endoderm, mesoderm, and ectoderm, it was
considered sufficient to confirm the pluripotent status by the observation of the cell line’s ability

to continuously proliferate and to express the appropriate pluripotent markers.

Confirmation of motor neuron differentiation

The end point of the differentiation can be assessed by the expression of genes
associated with the presence of enriched motor neurons, ISLET1, HB9, and CHAT®®. ISLET1
and HB9 are essential transcription factors in motor neuron generation, and CHAT is responsible
for the synthesis of acetylcholine®¢7, Isletl has been shown to direct cholinergic neuron
generation by forming multi-protein complexes which bind to and promote the expression of
genes critical for acetylcholine synthesis and packaging, such as CHAT and VAChT. When the
expression of ISLETL1 is triggered, cholinergic pathway genes such as CHAT were shown to be
triggered, while the expression of MN gene HB9 was unaffected*®®, Global transcriptome

profiling of in vitro motor neuron differentiation has shown by RT-PCR that the expression of

180
Section 4.4



each of these tissue development markers after 18 to 28 days of differentiation are similar to
one another®®’. In the original descriptions of the differentiation methods tested here, the
presence of the markers after 30 days of differentiation was only confirmed by
immunofluorescence and percent of marker positive cells, but the expression was not quantified
nor compared between genes®?, therefore it is not possible to compare expression levels of MNs
differentiated for this project with those from the original protocols.

The differentiation of IMR90-4 hPOMC-GLuc clone 6 according to Maury et al
assessed at day 30 resulted in cell populations expressing ISLET1, HB9, and CHAT. The
IMR90-4 no tag GLuc clone 4 differentiation according to Du et al resulted in cells highly
expressing ISLET1, but only marginally expressing HB9 and CHAT. IMR90-4 VAMP2-GLuc
clone 11 was successfully differentiated according to both Du et al and Maury et al protocols,
the derived populations both highly expressed all three motor neuron markers (Figure 94).
These results confirm that at least a portion of the cells in each of the executed differentiations
were successfully transformed into motor neurons, with potentially higher efficiency in IMR90-
4 hPOMC-GLuc and IMR90-4 VAMP2-GLuc clones than in the IMR90-4 no tag GLuc clone.
Gene expression analyses were only carried out once for the IMR90-4 no tag GLuc clone, so
the lack of replicate data for this clone may have introduced an error into the results, making
this data point more variable and difficult to interpret.

Confirmation of GLuc expression in motor neurons

Importantly, all the clones, whether differentiated or not, expressed GLuc. However,
the differentiation process did reduce, but did not abolish, total GLuc expression in each of the
clones tested (Figure 94). Several cells could be identified by DAPI that were not expressing
GLuc (see section 3.9.1). Some of these DAPI labeled cells, as mentioned in the results, are
apoptotic. However it does appear that some live cells do not express GLuc. The clones have
been isolated and expanded to be monoclonal populations, which can be seen in the IF analysis
of GLuc expression in the iPSCs (see sections 3.2.3.2, 3.4.3, and 6.6.3.2). However, there is a
possibility that a very small number of puromycin-resistant cells that do not express GLuc are
hidden in this population. On the other hand, given the decrease of GLuc expression post-
differentiation, there is also the possibility that a sub-section of the differentiated cells stop
expressing GLuc. It is therefore important to verify that those cells still expressing GLuc are
also part of the differentiated motor neuron population.
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The combination of the expression of GLuc and the motor neuron markers is essential
for this project. Gene expression gPCR analysis only provides general information for the entire
population of cells analyzed, but cannot determine if exactly those cells which express GLuc
are also those which express the MN markers. Therefore, immunofluorescence is once again
very demonstrative in the characterization of the MNs. The expression of GLuc could be
confirmed in the differentiation according to Maury et al for both IMR90-4 hPOMC-GLuc and
IMR90-4 VAMP2-GLuc, as well as the differentiation according to Du et al for IMR90-4
VAMP2-GLuc (Figure 95). Furthermore the expression of GLuc in Isletl positive motor
neurons could be confirmed in all three differentiation scenarios (Figure 96 through Figure 98).
This evidence is essential to address the question of whether GLuc is actually expressed in the
motor neurons, and if not, if that might prevent the IMR90-4 hPOMC-GLuc MNs from reliably
releasing luciferase. The confirmation of GLuc expression in motor neurons excludes this factor

from the potential problematic aspects of the MoN-Light BoNT assay.

Confirmation of GLuc localization in LDCVs and SVs

While it is essential that GLuc can be found in motor neurons, it is also important to
verify that the protein is correctly sorted into vesicles from the Golgi apparatus post-
differentiation. The colocalization of GLuc in the IMR90-4 hPOMC-GLuc differentiated cells
was evaluated against the LDCV associated protein Sgl1?%*¥7, and in the IMR90-4 VAMP2-
GLuc differentiated cells against the SV associated protein Syp*>*®° (Figure 99 through Figure
101). The overlap coefficient for each clone was not significantly different from each clone’s
corresponding degree of correlation of GLuc with the Golgi apparatus (Figure 102). It appears
that the same degree of protein that was correctly sorted in the pluripotent cells through the
Golgi is also successfully sorted in the differentiated cells into the neurosecretory vesicles. This
verification also supports the assumption that both clone constructions should theoretically be

capable of releasing luciferase upon cellular depolarization.

4.5 MoN-Light BONT Assay

4.5.1 Luciferase activity in supernatant upon depolarization

Verification of luciferase release from CRISPR-modified SIMA clones

The luciferase release assay is described in full in section 1.6.3. All SIMA clones
contained off-target donor DNA insertions and were not the perfect controls for the luciferase
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release assay. Despite this, a selection of SIMA hPOMC-GLuc clones were tested for their
capacity to release luciferase upon cellular depolarization. The standard preliminary release
experiment with control and depolarization buffers both in the absence and presence of EGTA
was carried out with the SIMA IMR90-4 hPOMC-GLuc clones 1, 2, 4, and 5. Clone 1 was
shown to have at least ten copies of GLuc inserted in its genome, clone 2 was shown to have
approximately four copies of GLuc, and clones 4 and 5 each had one on-target GLuc insert and
one off-target GLuc insert (Figure 67). Exposure to the depolarization buffer increased
luciferase activity in the supernatant by approximately 3-4 fold and the activity increase could
be completely suppressed in combination with EGTA (Figure 89). These results are in
accordance with those of the SIMA Random-Insertion_hPOMC1-26GLuc prototype?, which
was also shown to have approximately 4 copies of GLuc inserted randomly into its genome
(Figure 67). In this case, the difference in genetic editing method and copy number of donor
DNA in the genome did not have a great effect on the outcome of the release of luciferase into
the buffer. This confirms that hPOMC-GLuc clones derived by the CRISPR/Cas9 genetic
editing technique are capable of releasing the GLuc that has been sorted into the LDCV upon

cellular depolarization.

Luciferase release from IMR90-4 hPOMC-GLuc derived motor neurons

The IMR90-4 hPOMC-GLuc clone 6 derived MNs differentiated according to Maury et
al could not be provoked to release luciferase into the cell culture supernatant. Furthermore,
upon exposure to control and depolarization buffers including EGTA, which should suppress
luciferase release, even greater amounts of luciferase activity could sometimes be measured in
the supernatant, resulting in extremely high variation between tests (Figure 103). As a negative
control, the IMR90-4 no tag GLuc clones were also differentiated into motor neurons and tested
for luciferase release. Exposure to control and depolarization buffers, in addition to EGTA
resulted in similar extremely variable luciferase activity in the supernatant (Figure 103). The
high variability between tests, especially in the presence of EGTA is as of yet unexplained. The
sequestration of Ca?* by EGTA should not have stimulated luciferase release. This confirms
that the SIMA luciferase release protocol cannot be transferred to motor neurons because it

yields non-reproducible random results.
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4.5.2 Optimization of MoN-Light BONT Assay

4.5.2.1 Modifications to IMR90-4 hPOMC-GLuc derived motor neuron release protocol

In order to optimize potential APOMC-GLuc luciferase release patterns, an alternative
pre-incubation medium and the seeding of a range of MN cell densities was tested (Figure 104).
The alternative pre-incubation medium was tested in order to exclude the possibility that the
cell culture medium was not already stimulating and exhausting the cells and therefore
eliminating luciferase release during exposure to depolarization buffer. The pre-incubation
buffer N2B27, as described in the Materials and Methods (section 2.15), consists of a 50/50
mixture of DMEM/F12 medium (ThermoFisher #21331020*"%) and Neurobasal medium
(ThermoFisher #21103049%"%) with N2 and B27 supplements, which is also the basis buffer in
which the motor neurons were cultivated during their differentiation. The DMEM/F12 medium,
however, contains glutamic acid, an excitatory neurotransmitter in the brain'’2. It was
hypothesized that the Neurobasal medium, which does not contain glutamic acid, might be a
more appropriate pre-incubation medium. However, after pre-incubation with Neurobasal
medium, there was still no specific luciferase release after exposure to the depolarization buffer
and the buffers including EGTA once again produced an extremely variable increase of
luciferase activity in the supernatant.

The type of medium and its components in which cultured neuronal cells are incubated
has been proven to be important for cellular excitotoxicity!’>'’4. Confirming the initial
hypothesis that DMEM/F12 medium was exhausting the cells’ ability for synaptic release, it
has been shown that DMEM/F12 medium consistently depolarizes the resting potential of
neurons and can saturate and silence the firing of the cells'’®. Excitatory amino acids were
specifically removed from the Neurobasal medium, which was shown to not depolarize the
resting membrane potential. However, this medium was shown to reduce voltage-dependent
sodium currents and rapidly inactivating potassium currents, and therefore also debilitated both
evoked and spontaneous action potentials'”. The same group reporting this data developed a
novel BrainPhys medium, which enhances neuronal synaptic function and may be a good

solution to improve the electrophysiological conditions for the MoN-Light BoNT assay.

A series of decreasing densities of MNs were plated in preparation for the luciferase
release test in order to investigate the influence of confluency on the degree of luciferase

released into the cell culture supernatant. It has been shown that neurite outgrowth and cell
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survival can be influenced by the cell density of cultured neurons'’®-18, However, the series of
luciferase release tests with reduced MN confluencies resulted in the smallest differences in
luciferase activity between any of the buffers, probably due to the fact that there were too few

cells to elicit any type of cellular response.

In summary, the IMR90-4 hPOMC-GLuc derived MNSs, in combination with the
existing standard depolarization protocol, are not yet optimized for use in the MoN-Light BONT
assay. The obstacle with using these cells does not originate from the construct or the genetic
editing technique, proven by the proper functionality of SIMA clones prepared with the same
techniques, and the extensive IF colocalization characterization of the IMR90-4 derived cells.
Rather, the inability of the MNs to respond to external stimuli as expected is probably due to
the fact that the cellular depolarization protocol was optimized for SIMA clones and is not

appropriate for MNS.
4.5.2.2 Improved applicability of GLuc vesicle packaging: synaptic vesicles

Rationale for synaptic vesicle construct

The functionality of the MoN-Light BoNT assay is completely dependent on the
packaging of GLuc in neurosecretory vesicles. The co-release of neurotransmitters and GLuc
from neurosecretory vesicles at the presynaptic terminal into the buffer surrounding the cell is
the key factor in discerning normally functioning cells (under no or very low exposure to BoNT)
from paralyzed cells (under exposure to BoNT). As discussed in the Introduction (1.2.1), both
LDCVs and SVs are found in the presynaptic terminal of motor neurons'®3. Although the
membrane fusion of both vesicle types is regulated by the proteins forming the SNARE
complex, the trigger for fusion comes from different signals, with the LDCVs associated with
slow release upon prolonged stimulation, while SVs can fuse and release their contents in
response to a single action potential>'’®, The standard and most reliable method to induce
action potentials is through depolarizing current injections by intracellular microinjections®17°,
This method is, however, very specialized and not conducive to the goal of the MoN-Light
BONT project to develop an easily applicable toxicity assay. The exposure of the cells to the
depolarization buffer described for the luciferase release experiment causes a quick influx of
Ca?* into the cell more closely mimicking a single action potential, and therefore would more
likely trigger the release of neurotransmitter-containing SVs rather than LDCVs!>17®, The
VAMP2-GLuc construct was designed to potentially address the issue of differential vesicle

release. Since VAMP isoforms are found on both vesicle types®” 18182 the chance of luciferase
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release provoked by the depolarization buffer is greater and any differences in the evocation of
vesicular fusion events with the presynaptic membrane should be irrelevant. Furthermore, the
association of VAMP2-GLuc with SVs, in which the neurotransmitters are stored, increases the
biological relevance of the assay, precisely tracking neurotransmitter release and therefore

neuronal signal propagation.

As previously discussed, the construction of the VAMP2-GLuc clones fuses GLuc to
the vesicular transmembrane protein VAMP2 with a TEV recognition sequence linker. Due to
its small size and natural abundance, the SV has been very well characterized. These vesicles
are only known to transport neurotransmitters and the currently known proteins found with the
vesicle are all membrane-associated. Therefore it was impossible to take advantage of a signal
peptide of a protein that would be packaged into the SV, since they are all bound to the
vesicle?68384153169 The only known protein with the C-terminus ending in the SV lumen is
VAMP, and was therefore the clear choice with which to transport GLuc into the lumen. The
fusion of GLuc to the transmembrane protein does, however, create one complication: if GLuc
cannot move freely in the solution surrounding the cell, it is impossible to collect and measure
the luciferase activity in the supernatant. Therefore the TEV recognition sequence linker®® was
included to provide the opportunity to free GLuc from VAMP during fusion of the SV to the
presynaptic membrane upon exposure to the TEV protease (see 1.6.1.3 for TEV protease

cleavage schematic).
45.2.3 Luciferase release from IMR90-4 VAMP2-GLuc derived motor neurons

Luciferase release protocol for IMR90-4 VAMP2-GLuc derived motor neurons

The luciferase release protocol was drastically modified for the IMR90-4 VAMP2-
GLuc clone, due to the fact that the VAMP2-GLuc fusion protein must be cleaved by the TEV
protease in order to collect free luciferase in the supernatant. The optimal temperature for TEV
protease activity is between 4 - 30 °C*3, so the first release experiment was tested at 30 °C for
20 min, in order to allow the 5 U of TEV protease to have more time to cleave the VAMP2-
GLuc fusion protein. This experimental setup did not result in any identifiable increase of
luciferase in the cell culture supernatant (Figure 105). Therefore, a wider range of TEV protease
was added to the respective buffers to determine the best enzyme concentration to cleave
VAMP2-GLuc. Furthermore, the cells were incubated with the protease for 2 h at 24 °C. The
cells were incubated for 2 h in order to allow cleaved luciferase to accumulate in the
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supernatant. The cells were incubated at room temperature because it has been shown that the
mean rate of endocytosis of synaptic vesicles at physiological temperatures is significantly
faster than the mean rate of endocytosis at room temperature in rat calyx of Held nerve
terminalst!*. Therefore, it was hypothesized that the availability of the fusion protein to the
TEV protease would increase and consequently have a greater chance of successful cleavage if
vesicle endocytosis were delayed. Indeed, these modifications to the release protocol resulted
in significantly higher luciferase activity in the cell supernatant with 10 U TEV protease than
without (Figure 106). After optimizing the control/depolarization buffer incubation length and
temperature, and finding the appropriate TEV protease concentration, a series of experiments
were carried out in IMR90-4 VAMP2-GLuc cells differentiated according to both Maury et al

and Du et al.

Luciferase release from IMR90-4 VAMP2-GLuc derived motor neurons after exposure
to BONT/A

The IMR90-4 VAMP2-GLuc derived MN population differentiated according to Du et
al was the only population submitted to the MoN-Light BoNT test. Preliminary experiments
had shown that exposure of the differentiated cells to TEV protease successfully resulted in an
increase of luciferase in the cell culture supernatant. Therefore, this experimental conformation
was tested with BoNT/A. Half of the cells were cultivated normally, while the other half were
incubated for 48 hours with BoNT/A. The release test was carried out upon exposure to
medium, control buffer, and depolarization buffer, each with and without the TEV protease.
The cells exposed to BoONT/A and then incubated with TEV protease in Na*™-HBS buffer still
produced an increase in luciferase activity in the supernatant in comparison to incubation with
Na*-HBS buffer alone. This increase was, however, significantly lower than the increase of
luciferase activity after incubation with Na*-HBS buffer and TEV protease without exposure to
BoNT/A (Figure 107). This indicates that a portion of the luciferase activity detected after
incubation of Na*-HBS buffer and TEV protease is likely due to the fusion of synaptic vesicles
to the presynaptic membrane and the cleavage of GLuc into the buffer surrounding the cells.
This fusion is then blocked after exposure to BONT/A and the subsequent cleavage of SNAP-
25 and disruption of the SNARE complex?426:181,

Further optimization of luciferase release protocol for IMR90-4 VAMP2-GLuc derived
motor neurons

Differentiated MNs were exposed to N2B27 medium, Na*-HBS buffer, and K*-HBS
buffer including 10 U TEV protease and in the absence and presence of 10 mM EGTA and
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1 mM carbachol. Carbachol is a synthetic derivative of choline and can stimulate muscarinic

and nicotinic receptors to release acetylcholine at certain neuromuscular junctions®,

Furthermore carbachol was shown to strongly increase Ca?* accumulation®®

185

, possibly by
activating an Na*-Ca?" exchanger'®. The compound has also been shown in crayfish to cause
rhythmic bursts of motor neuron activity'8. Na*-HBS buffer with TEV protease and carbachol
could elicit a significantly higher luciferase release than Na*-HBS buffer with TEV protease
alone from MNs differentiated according to both protocols. This significant increase in
luciferase activity in the supernatant could be significantly reduced, though not completely
eliminated, in the presence of EGTA (Figure 109 and Figure 110). The carbachol-elicited
release from the IMR90-4 VAMP2-GLuc derived MNs was compared to the IMR90-4 no tag
GLuc derived MNs. The specificity of the luciferase release from the VAMP2-GLuc clone after
stimulation with carbachol could be verified by Sidak’s multiple comparison test (Figure 111).
The combination of the reduction of carbachol-elicited luciferase release after exposure to
EGTA and the specificity of the release as compared to the no tag GLuc clone build a strong
argument that the exposure to carbachol successfully stimulates vesicle fusion to the
presynaptic membrane of IMR90-4 VAMP2-GLuc derived MNs. Upon vesicle fusion, the TEV
protease can access and cleave its recognition site, thus freeing GLuc from VAMP2, and
releasing it into the cellular supernatant. The potential applicability of the addition of carbachol
as a stimulant of vesicular fusion to the pre-synaptic membrane is very high and must still be
implemented in the VAMP2-GLuc MoN-Light BoNT assay in order to fully validate the

hypothesis that the compound does in fact instigate exocytosis.

4.6 Conclusions

While the actual end-goal of this project, the development of an accurate and sensitive
in vivo simulation assay to measure the potency of BoNT was not achieved, an important
portion of the project was successfully accomplished. Two strong candidates to be used in the
cell-culture assay were generated and thoroughly characterized in both iPSC and MN states.
The clones were accurately modified using the CRISPR/Cas9 genetic engineering method, and
were proven to contain homozygote copies of the Gaussia luciferase reporter sequence in the
AAVS1 safe harbor locus. The double-control quantitative copy number PCR method to detect
possible off-target donor DNA insertions was developed and utilized to verify that the assay
candidates did not contain any off-target modifications. Finally, the localization of luciferase

reporter protein in the iPSCs and MNs was verified in the Golgi apparatus and the
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neurosecretory vesicles, to ensure that the clones should be functionally capable of releasing
their vesicular contents into the cell culture supernatant during the assay. Furthermore, the use
of carbachol as a stimulant of vesicular exocytosis lends even greater potential to the future
functionality of this assay, but must also be authenticated and optimized. The provoked co-
release of neurotransmitters and luciferase has not yet been perfected, but the system is at the
stage to undergo testing of a wide-range of factors to establish a functional protocol.
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6 Appendix

6.1 List of consumables used in project

Item Company Product number
tllf’égg Ml CELLSTAR® Polypropylene Greiner 188261 / 227270
2ml Cryogenic vials Carl Roth E309.1
Accutase Sigma A6964-500ML
Agarose NEEO Ultra-Quality Carl Roth 2267.4
Agarose-out DNA Purification Kit roboklon E3540
Ampicillin Gibco 11593027
Anti-Digoxigenin-AP Fab fragments Roche 11 093 274 910
Ascorbic Acid Sigma A4544
B-27® Supplement (50X), minus vitamin A Th_e rm_o_F|sher 12587010

Scientific
BDNF Peprotech 450-02
Brand® Pipette tip, filter tip 0.5-20ul Sigma Z740037
Carbomoylcholine chloride Sigma C4382
CDP-Star Roche 11685627001
Compound E Bertin Pharma 15579

83.3924 / 83.3922

Cell culture 96/24/6-well plates Sarstedt /83,3920
\C/:vzllllsgulture clear bottom microplate (96- Greiner 655088
Cell culture white microplate (96-wells) Greiner 655073
Cell scraper Sarstedt 83.3952
CHIR 99021 axon medchem Axon 1386
Chromatography-Papers Whatman® Carl Roth 7604.1
ClipTip™ pipette tips (200p1) ggiirrz?i%?sher 94410313
CloneR™ Stemcell Technologies | 5888
CNTF Peprotech 450-13
Coelenterazine Carl Roth 4094.3

Thermo Fisher
Collagenase, Type IV, powder Scientific 17104019
60mm non TC-Treated Culture Dish Corning 430589
CSPD Roche 11 655 884
DAPT Hycultec HY-13027
dbcAMP Hycultec HY-B0764
DIG Wash and Block Buffer Set Roche 11585762001
Dimethy Sulfoxide for cell culture PanReac AmpliChem = A3672

202

Section 6.1



DMEM/F12 + HEPES

DMEM/F12, no glutamine

DMH1
DNA Away
DNeasy® Blood & Tissue Kit

dNTP Set, 100 mM Solutions
Dorsomorphin (Compound C)
DreamTaq DNA Polymerase (5 U/uL)

EGTA
Electroporation cuvette 2mm

Ethidium Bromide
Ethylendiamine tetraacetic acid
FastDigest restriction enzymes

FBS Standard
GDNF

GeneJET Plasmid Maxiprep Kit

GeneJET Plasmid Miniprep Kit

Hard-Shell® low profile thin wall 96-well
skirted PCR plates

HEPES PUFFERAN®
Knockout DMEM

Maleic Acid

MassRuler DNA ready-to-use

Matrigel (High Concentration, growth factor
reduced)

Maxima SYBR Green/ROX gPCR Master
Mix (2X)

Microscope Cover Glasses

Microscope slides

Microseal® 'B' adhesive seals
Multiply® - Pro cup 0.2ml, PP
Multiply® - Pro cup 0.5ml, PP

N-2 Supplement (100X)

Non-essential amino acids

Thermo Fisher
Scientific
Thermo Fisher
Scientific
Bertin Pharma
Carl Roth
QIAGEN
Thermo Fisher
Scientific
abcam
Thermo Fisher
Scientific

Carl Roth
Bulldog Bio
Thermo Fisher
Scientific

Carl Roth
Thermo Fisher
Scientific
PAN Biotech
Peprotech
Thermo Fisher
Scientific
Thermo Fisher
Scientific
Bio-Rad

Carl Roth
Thermo Fisher
Scientific
Sigma
Thermo Fisher
Scientific
Corning

Thermo Fisher
Scientific

Paul Marienfeld
GmbH & Co. KG
Carl Roth
Bio-Rad
Sarstedt
Sarstedt
Thermo Fisher
Scientific
Merck/Millipore
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31330095

21331046

16679
7010
69504

R0182
ab120843
EPO0702

3054.3
12358-2U

15585011
8040.3
various

P30-3306
450-10

K0492

K0503

HSP9601
9105.3
10829018
MO375
SM0403

354263

K0222

111520

H868
MSB1001
72.737.002
72.735.002

17502048
K0293
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Thermo Fisher

Neurobasal® Medium N 21103049

Scientific
. Thermo Fisher

Oligo (dt) 18 [500ng/ul] Scientific SO131

Parafilm® M Sigma P7793

Paraformaldehyde Roth 335.2

Passive Lysis Buffer (5x) Promega E194A

Pasteur pipettes Carl Roth 4518.1

P-BoNT/Al miprolab 3101

Penicillin-Streptomycin PAN Biotech P06-07100

Phusion™ High-Fidelity DNA Polymerase Th'erm'o_Fisher F530S

(2 U/uL) Scientific

Pipette tip 10l Carl Roth KP26.1

Pipette tip 1000pl Sarstedt 70.3050.020

Pipette tip 200ul Sarstedt 70.760.002

Purmorphamine Stemcell Technologies | 72202

ReliaPrep RNA Tissue Miniprep System Promega 26010

Retinoic Acid Sigma R2625-50MG

RevertAid RT Reverse Transcription Kit Th_e rm_o_Flsher K1691
Scientific

ROCK-Inhibitor Y-27632 Bertin Pharma T1725

RPMI Medium 1640 + GLuctaMAX™ Gibco 61870036

SAG Hycultec HY-12848

SB431542 Stemcell Technologies | 72232

Sodium chloride Carl Roth 3957.2

Sodium hydroxide Carl Roth 6771.1

StemMACS™ jPS-Brew XF, human Miltenyi 130-104-368

. Thermo Fisher

T4 DNA Ligase (5 U/uL) Scientific ELO011

TRIS PUFFERAN® Carl Roth 5429-2

Triton X 100 Carl Roth 3051.2

TurboFect Transfection Reagent Th_erm_o_F|sher R0533
Scientific

VEC.TASHIELD® Antifade Mounting Vector Laboratories H-1000-10

Medium

Primary antibodies

Anti-Gaussia luciferase (rabbit) NEB E8023

Anti-Gaussia luciferase (SC) (rabbit) Santa Cruz IT-000-014

Anti-Golgin-97 Monoclonal Antibody Th_erm_o_Fisher A-21270

(CDF4) (mouse) Scientific

Anti-Lectin HPA Alexa Fluor R 647 Thermo Fisher 132454
Scientific

Anti-GM130 - Clone 35/GM130 (mouse) BD Biosciences 610823
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Anti-Chr-A Antibody (C-20) Santa Cruz sc-1488
Thermo Fisher

Anti-Secretogranin Il (rabbit) Scientific PA1-10838

Anti-Chromogranin A (CGA/414)) (mouse) | Novus Biologicals NBP2-29428

Anti-Chromogranin C Polyclonal Antibody @ Thermo Fisher i

(Sgll) (mouse) Scientific pal-10838

. . Cell Signaling

Anti-Synaptophysin (7H12) Mouse mAb Technology 12270

Anti-GAPDH (rabbit) Santa Cruz Sc-25778

Anti-Islet 1 antibody [1B1] (mouse) Abcam ab86501

Anti-Islet 1 antibody [1H9] (mouse) Abcam ab86472

Secondary Alexa-fluor labelled antibodies

Anti-mouse 1gG (H+L) (Alexa 488) Invitrogen A11001

Anti-rabbit 1gG (H+L) (Alexa 488) Invitrogen A32731

Anti-rabbit 1IgG (H+L) (Alexa 568) Invitrogen A11036

Anti-goat IgG (H+L) (Alexa 488) Invitrogen A11055
6.2 List of equipment used in project

Item Company

Automatic pipette helper, pepetus® akku

Automatic pipette helper, PipetAid XP

Automatic pipette, Finnpipette

Automatic pipette, Gilson (P10, P20, P200, P1000)
Bensen burner Gasprofi 1

C1000™ Thermal Cylcer CFX96™ Real-Time System
Cell culture laminar flow hood

ChemiDoc™ MP Imaging System

E1-ClipTip™ Equalizer multichannel pipette
EVE™ Automatic cell counter

Fluorescence microscope DM6 B with CTR6 LED
FLUOstar OMEGA

Gel Doc™ EZ Imager

Gel electrophoresis chamber

GENE PULSER® lI

Heraeus Multifuge X1R Centrifuge

Heraeus Pico 17 Centrifuge

High Voltage Power Pac 300

Hybridizer HB-1000

Ice machine

Inverted modular microscope LSM 780 T-PMT Observer.Z1
Laboratory Centrifuge 3K30

Section 6.2

Hirschamnn Laborgeréte
Eberstadt
Drummond

ThermoLabSystem
Eppendorf AG
Wartewig-Labortechnik
Bio-Rad

NuAire

Bio-Rad

Thermo Fisher Scientific
NanoEnTek

Leica

BMG LABTECH
Bio-Rad

VWR

Bio-Rad

Thermo Fisher Scientific
Thermo Fisher Scientific
Bio-Rad

UVP Laboratory Product
Ziegra

Zeiss

Sigma



Laboratory scale

Magnet mixer / hot plate combination MR-3001
Microscope camera XC30
Microscope CKX41

Mircowave

NanoVue Plus

Optima™ LE-80K Ultracentrifuge
pH meter inoLab

Rotor 12154-H

T3000 Thermocycler
Thermocycler 60

Thermometer

Vortex genie 2

Water bath ecoline O11

Water heater coil

Software:

GraphPad Prism
Microsoft Office

Fiji (Fiji is just ImageJ)
Inkscape

SnapGene

Benchling

Zotero

Image Lab

ZEN 2012 SP5

6.3 Gaussia luciferase construct sequences

6.3.1 DNA sequences for all GLuc constructs

Sartorius

Heidolph

Olympus

Olympus

VWR

GE Healthcare Bio-Sciences AB
Beckman Coulter
WtW

Sigma

Biometra

bio-med

VWR

Scientific Industries
Lauda

VWR

The following section contains the complete sequences of the sorting tag and GLuc

constructs, including restriction enzyme recognition sites, which were cloned into the pAAVS1-

P-MCS donor plasmid and which were used to create clones to be characterized for the MoN-

Light BoNT assay. Each DNA segment is color-coded.

no tag GLuc

Complete sequence of no tag GLuc construct, including [ESHICHOMENZYMEHECO0NItIon

BifeS, Kozak sequence, [/l aNes, and Ef1-HTLV promoter sequence.
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57 ctagtcaccaccggcccccttgatcttgtccacctggecctggatecttgetggcaaaggt
cgcacagcgttgcggcagccacttcttgagcaggtcagaacactgcacgttggcaageccctttgaggce
agccagttgtgcagtccacacacagatcgacctgtgcgatgaactgctccatgggctccaagtectt

tcgtaggtgtggcagcgtcctgggatgaacttecttcatecttgggecgtgcacttgatgtgggacaggce
agatcagacagcccctggtgcagccagctttccgggcattggecttccatctectttgagcacctecage

gcagcttcttgccgggcaacttccecgecggtcagecatcgagateccgtggtcgecgaagttgetggecac

gccacgatgttgaagtcttcgttgttctcggtgggcttcat
GCAGAACAGAAAACGAAACAAAGACGTAGAGTTGAGCAAGCAGGGTCAGGCAAAGCGTGGAGAGCCGG
CTGAGTCTAGGTAGGCTCCAAGGGAGCGCCGGACAAAGGCCCGGTCTCGACCTGAGCTTTAAACTTAC
CTAGACGGCGGACGCAGTTCAGGAGGCACCACAGGCGGGAGGCGGCAGAACGCGACTCAACCGGLGTG
GATGGCGGCCTCAGGTAGGGCGGCGGGCGCGTGAAGGAGAGATGCGAGCCCCTCGAAGCTTCAGCTGT
GTTCTGGCGGCAAACCCGTTGCGAAAAAGAACGTTCACGGCGACTACTGCACTTATATACGGTTCTCC
CCCACCCTCGGGAAAAAGGCGGAGCCAGTACACGACATCACTTTCCCAGTTTACCCCGCGCCACCTTC

hPOMC-GLuc
Complete sequence of hPOMC-GLuc construct, including [ESIfiCHONMENZYIE

FECOGRIfIORSIEES, Kozak sequence, [ETMIEEE I, APOMCAAT:26SEGUENCE, and Ef1-HTLY

promoter sequence.

ctagtcaccaccggcccceccttgatcttgtccacctggeccctggatcttgetggcaaaggt

€]
|

cgcacagcgttgcggcagccacttcttgagcaggtcagaacactgcacgttggcaageccctttgaggce
agccagttgtgcagtccacacacagatcgacctgtgcgatgaactgctccatgggctccaagtectt

gcagcttcttgccgggcaacttccecgeggtcagecatcgagateccgtggtcgecgaagttgectggecac
gccacgatgttgaagtcttcgttgttctcggtgggcttcat
99t oo TAAHIAR . T

CTGTAACGGCGCAGAACAGAAAACGAAACAAAGACGTAGAGTTGAGCAAGCAGGGTCAGGCARAGCGT
GGAGAGCCGGCTGAGTCTAGGTAGGCTCCAAGGGAGCGCCGGACARAGGCCCGGTCTCGACCTGAGCT
TTAAACTTACCTAGACGGCGGACGCAGTTCAGGAGGCACCACAGGCGGGAGGCGGCAGAACGCGACTC
AACCGGCGTGGATGGCGGCCTCAGGTAGGGCGGCGGGCGCGTGAAGGAGAGATGCGAGCCCCTCGAAG
CTTCAGCTGTGTTCTGGCGGCAAACCCGTTGCGAAAAAGAACGTTCACGGCGACTACTGCACTTATAT
ACGGTTCTCCCCCACCCTCGGGAAARAGGCGGAGCCAGTACACGACATCACTTTCCCAGTTTACCCCG
CGCCACCTTCTCTAGGCACCGGTTCAATTGCCGACCCCTCCCCCCAACTTCTCGGGGACTGTGGGCGA
TGTGCGCTCTGCCCACTGACEHOGHE - 3/
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EEEEE o g t o B RAETAR GATC TGTAACGGCGCAGAACAGARAACGAAACAAAGACGTAGAGTTGAGC
AAGCAGGGTCAGGCAAAGCGTGGAGAGCCGGCTGAGTCTAGGTAGGCTCCAAGGGAGCGCCGGACAAR
GGCCCGGTCTCGACCTGAGCTTTAAACTTACCTAGACGGCGGACGCAGTTCAGGAGGCACCACAGGCG
GGAGGCGGCAGAACGCGACTCAACCGGCGTGGATGGCGGCCTCAGGTAGGGCGGCGGGCGCGTGAAGG
AGAGATGCGAGCCCCTCGAAGCTTCAGCTGTGTTCTGGCGGCARACCCGTTGCGAAAAAGAACGTTCA
CGGCGACTACTGCACTTATATACGGTTCTCCCCCACCCTCGGGARAAAGGCGGAGCCAGTACACGACA
TCACTTTCCCAGTTTACCCCGCGCCACCTTCTCTAGGCACCGGTTCAATTGCCGACCCCTCCCCCCAA
CTTCTCGGGGACTGTGGGCGATGTGCGCTCTGCCCACTCACIOGRE - 3/

Sgll-GLuc

Complete sequence of Sgll-GLuc construct, including [ESIfICHIONNENZYMENeCO0NItion
Bie8, Kozak sequence, [ETMIReIENeE, segment of EEGIGIOGIGNIMMISEGUEN0E. 2nd Ef1-HTLV

promoter sequence.

57 ctagtcaccaccggcccccttgatecttgtccacctggecctggatcttgetggcaaaggt
cgcacagcgttgcggcagccacttcttgagcaggtcagaacactgcacgttggcaageccectttgaggc

agccagttgtgcagtccacacacagatcgacctgtgcgatgaactgctccatgggctccaagtectt
208

||

Section 6.3



aacccaggaatctcaggaatgtcgacgatcgcctcgcecctatgeccgecctgtgecggactectttgtegec
tcgtaggtgtggcagcgtcctgggatgaacttcttcatcttgggecgtgcacttgatgtgggacagge
agatcagacagcccctggtgcagccagctttccgggcattggecttccatctectttgagcacctecage

gcagcttcttgccgggcaacttccecgecggtcagcatcgagatccgtggtcgecgaagttgectggcecac

ggccacgatgttgaagtcttcgttgttctcggtgggcttcatadefsinelele
tettagcaatatgetcecttecettttctgecttttettg ttgaggtattecageacttteattaac
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AGTTTACCCCGCGCCACCTTCTCTAGGCACCGGTTCAATTGCCGACCCCTCCCCCCAACTTCTCGGGG
ACTGTGGGCGATGTGCGCTCTGCCCACTCACEHOGRE - 3/

VAMP2-GLuc
Complete sequence of VAMP2-GLuc construct, including [ESItICHONMMENZYINE

(e[l A 2 e M G L uc sequenceMTEV recognition sequenceMVAMP2 ORF

SE[UEIeE, and Ef1-HTLV promoter sequence.
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B~ ctagtcaccaccggececcttgatettgtecacctggecetggatettgctggoaaagat

ggccacgatgttgaagtcttecgttgttctcggtgggcttcat TCCTTGAAAATATAAGTTTT
IR g el e G TGO TGAA G TARAC TATGATGAT GATGAGGATGATGGCGCARATCACTCCY
CTCCTGTTACTGGTGAGGTTTGGAGGGGGTGCAGGGGGACCACCCTCCCCAGCCGGGGCAGCAGGGGG
eSSl VXSO o o t g o AREIAA GA TC TG TAACGGCGCAGAACAGAARACGAAA
CAAAGACGTAGAGTTGAGCAAGCAGGGTCAGGCAAAGCGTGGAGAGCCGGCTGAGTCTAGGTAGGCTC
CAAGGGAGCGCCGGACAAAGGCCCGGTCTCGACCTGAGCTTTAAACTTACCTAGACGGCGGACGCAGT
TCAGGAGGCACCACAGGCGGGAGGCGGCAGAACGCGACTCAACCGGCGTGGATGGCGGCCTCAGGTAG
GGCGGCGGGCGCGTGAAGGAGAGATGCGAGCCCCTCGAAGCTTCAGCTGTGTTCTGGCGGCARACCCG
TTGCGAAAAAGAACGTTCACGGCGACTACTGCACTTATATACGGTTCTCCCCCACCCTCGGGAAARAG
GCGGAGCCAGTACACGACATCACTTTCCCAGTTTACCCCGCGCCACCTTCTCTAGGCACCGGTTCAAT
TGCCGACCCCTCCCCCCAACTTCTCGGGGACTGTGGGC GATGTGCGCTCTGCCCACTGA OG-
3 4

6.3.2 Peptide sequences of LDCV constructs

The key for all following amino acid colors is as follows:

o Green: hydrophobic uncharged residues
e Red: acidic residues

o Blue: basic residues

o Black: other residues

Sequences translated and analyzed by Peptide2.0

Translated sequence of hPOMC sorting signal
The translated sequence of the hPOMC sorting signal used in this project. The positively

charged residue (R) and the hydrophobic core (green) are marked in bold.

MPRSCCSRSGALLLALLLQASMEVRG

Translated sequence of CgA sorting signal
The translated sequence of the CgA sorting signal used in this project. The positively charged

residue (R) and the hydrophobic core (green) are marked in bold.
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MRSAAVLALLLCAGQVTALPVNSPMNKGDTEVMKCIVEVISDTLSKPSPMPVSQECFEFET
LRGDERILSILRHONLLKELODLALQGAKERAHQOKKHSGFEDELSEVLENQSSQAELK
EAVEEPSSKDVMEKREDSKEAEKSGEATDGARPQALPEPMOESKAEGNNQAPGEEEEEE
EEATNTHPPASLPSQKYPGPQAEGDSEGLSQGLVDREKGLSAEPGWQAKREEEEEEEEE
AEAGEEAVPEEEGPTVVLNPHPSLGYKEIRKGESRSEALAVDGAGKPGAEEAQDPEGKG
EQEHSQOKEEEEEMAVVPQGLFRGGKSGELEQEEERLSKEWEDSKRWSKMDQLAKELTA
EKRLEGQEEEEDNRDSSMKLSEFRARAYGEFRGPGPQLRRGWRPSSREDSLEAGLPLQVRG
YPEEKKEEEGSANRRPEDQELESLSATIEAELEKVAHQLOALRRG

Translated sequence of Sgll sorting signal

The translated sequence of the Sgll sorting signal used in this project. The positively

charged residue (K) and the hydrophobic core (green) are marked in bold.

MAEAKTHWLGAALSLIPLIFLISGAEAASFQRNQLLOKEPDLRLENVQKFPSPEMIRALEYT
ENLRQOQAHKEESSPDYNPYQGVSVPLQOKENGDESHLPERDSLSEEDWMRITLEALRQAENE
POSAPKENKPYALNSEKNEPMDMSDDYETQOWPERKLKHMQEFPPMYEENSRDNPFKRTNE IV
EEQYTPOQSLATLESVEFQELGKLTGPNNQKRERMDEEQKLYTDDEDDIYKANNIAYEDVVGGE
DWNPVEEKIESQTQEEVRDSKENIGKNEQINDEMKRSGOLGIQEEDLRKESKDQLSDDVSKV
IAYLKRLVNAAGSGRLONGONGERATRLFEKPLDSQSIYQLIETSRNLQIPPEDLIEMLKTG
EKPNGSVEPERELDLPVDLDDISEADLDHPDLFQONRMLSKSGYPKTPGRAGTEALPDGLSVE
DILNLLGMESAANQKTSYEPNPYNQEKVLPRLPYGAGRSRSNQLPKAAWIPHVENRQOMAYEN
LNDKDQELGEYLARMLVKYPEIINSNQVKRVPGQGSSEDDLQEEEQTEQATKEHLNQGSSQE
TDKLAPVSKREFPVGPPKNDDTPNRQYWDEDLLMKVLEYLNQEKAEKGREHTAKRAMENM

6.4 Sanger sequencing alignments

The following section contains the Sanger sequencing alignments after each cloning
step of the eCas9-sgRNA plasmid and the pAAVS1-P-MCS donor plasmid. Furthermore, this
section contains the Sanger sequencing alignments for the homology arms and donor DNA for
the IMR90-4 hPOMC-GLuc clone 6, IMR90-4 hPOMC-GLuc clone 4, and IMR90-4 VAMP2-
GLuc clone 11. In the alignments, the top row is the expected reference sequence and the
remaining rows are the output of Sanger sequences of each plasmid or gDNA segment. The
specific details for each sequence are described in each segment. Any bases marked in red were

mismatched to the reference sequence.

6.4.1 sgRNA insertion confirmation

Sanger sequencing alignment for eCas9-sgRNA confirmation. 43EH20: Plasmid 2,
43EH19: Plasmid 1, 43EH21: Plasmid 3 (1 page).
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Page 1 43EH20 (43EH20.abl), 43EH19 (43EH19.abl), 43EH21 (43EH2l.abl)

57 138
eCas9-gRNA ttaatttgactgtaaacacaaagatattagtacaaaatacgtgacgtagaaagtaataatttcttgggtagtttgcagtttt
43EH20 (4..., ——m— e e e e e e e e e ATAATTTCTTGGGTAGTTTGCAGTTTT
43EH19 (4... TTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAGTAATAATTTCTTGGGTAGTTTGCAGTTTT
43EH21 (4... TTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAGTAATAATTTCTTGGGTAGTITTGCAGTTTT

139 220
eCas9-gRNA aaaattatgttttaaaatggactatcatatgcttaccgtaacttgaaagtatttcgatttcttggetttatatatcttgtag
43EH20 (4... ARAATTATGTITTAAAATGGACTATCAMATGCTTACCGTAACT MMBABGTATTTCGATTICTIGGCTTTATATATCTIGTGHE
43EH19 (4... AAAATTATGTTTTAARATGGACTATCATATGCTTACCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGG
43EH21 (4... ARAATTATGTTTTAARATGGACTATCATATGCTTACCGTAACTTGAAAGTATTTCGATTTCTIGGCTTTATATATCTTIGTGG

221 302
eCas9-gRNA aaaggacgaaacaccGGGGCCACTAGGGACAGGATgttttagagectagaaatagcaagttaaaataaggctagtecegttate
43EH20 (4... AAAGGACGAAACACCGGGGCCACTAGGGACAGGATGTTTEABAGCTAMAAATAGCAAGTTAAAATAAGGCTABTCCGTTATC
43EH19 (4... ARAGGACGAARCACCGGGGCCACTAGGGACAGGATGTTTTAGAGCTAGRAATAGCARGT TARAATARGGCTAGTCCGTTATC
43EH21 (4... AAMAGGACGAAACACCGGGGCCACTAGGGACAGGATGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATC

303 384
eCas9-gRNA  aacttgaaaaagtggcaccgagtcggtgettttttgttttagagetagaaatagecaagttaaaataaggctagtecgttttt
43EH20 (4... AACTTGAAARAAMETGGCACCGANTCGGTGCTTTTTTGTTTTARAGCTAGARATNECAAGTTAAAATAAGGCTAGTCCGTTTTT
43EHLY9 (4... AACTTGARARAGTGGCACCGAGTCGGTGCTTTTTTGTTTTAGAGCTAGAAATAGCARGTTARAATAAGGCTAGTCCGTTTTT
43EH21 (4... AACTTGARARAGTGGCACCGAGTCGGTGCTTTTTTGTTTTAGAGCTAGAAATAGCARGTTARAATAAGGCTAGTCCGTTTTT

385 466
eCas9-gRNA agcgcgtgegeccaattctgecagacaaatggectctagaggtaccegttacataacttacggtaaatggeccgectggetgace
43EH20 (4... MABCGCGTGCGCCAATTOBGCARACAARATGGCTCTARAGGTACCCGT TBOBTAACT TACGGTARATGGCCCGCCTGECTGEOB

43EH19 (4... AGCGCGTGCGCCAATTCTGCAGACAAATGGCTCTAGAGGTACCCGTTACATAACTTACGGTARATGGCCCGCCTGGCTGACC
43EH21 (4... AGCGCGTGCGCCAATTCTGCAGACAAATGGCTCTAGAGGTACCCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACC

467 548
eCas9-gRNA gcccaacgacceccgeccattgacgtcaatagtaacgeoccaatagggactttccattgacgtcaatgggtggagtatttacgg
43EH20 (4... ECORASCRECCCOEECCATTECEETEAACAGTEACEC CAANTAGCTACC T THETTEANGACCTEEETCEACCATT ACTETON—
43EH19 (4... GCCCAACGACCCCCGCCCATTGACGTCAATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGG
43EH21 (4... GCCCAACGACCCCCGCCCATTGACGTCAATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGG

549 602
eCas9-gRNA  taaactgcccacttggeagtacatcaagtgtatcatatgccaagtacgecce—-
43EH20 (4... ——————————m—m————-
43EHLY9 (4... TARACTGCCCACTTGGCAGTACATCARGTGTATCATATGCCAAGTACGCCCC——

43EH21 (4... TARACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCC--

ted in red (1 page).
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Figure 112

6.4.2 Donor plasmid with Efla promoter

Plasmid 1, forward

Sanger sequencing alignment for Efla promoter. 43EH15

(3 pages).

, FeVerse sequencing run

: Plasmid 1

43EH14

sequencing run
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Page 1 43EH15 (43EH15.sbl), 43EH14 (43EH14.abl)

efla 953
43EH15 (4..
43EH14 (4..
efla_8953
43EH15 (4..
43EH14 (4..
efla_953
43EH1E (4.
43EH14 (4..
efla_953
43EH15 (4.
43EH14 (4..
efla_953
43EH15 (4.
43EH14 (4..
efla_953
43EH15 (4..
43EH14 (4..
efla 953
43EH15 (4..
43EH14 (4..
efla_953
43EH15 (4.
43EH14 (4..
efla 953
43EH15 (4.
43EH14 (4..

1 82
mﬁﬂbﬂ_H_QoODQH_Q_HOn_H__H__HoOHPWH,E_H_ﬂwombbb_u__H__mo.ﬂHOOOBHHQHQHOWOHBOQEHOWHHOHBHHQHOOQO@HE

83 164
GGGTGEEECAGGACAGCAAGGEEGAGEATTGGAAAGACAAT AGCAGGCATGCT GEGAATECGETGEGCTCTATGGACTAGTA
.................................. AGACAATAGCAGGCATECTGGGGATEOGETGGGCTCTATGGACTAGTA
165 246

TTAATTAATTCACGACACCTGAAATGGAAGAARARAACTTTGAACCACTGTCTGAGGCTTGAGAATGAACCAAGATCCAAAC

.. TTAATTAATTCACGACACCTGAAATGGAAGAAAAAAACTTTGAACCACTGTCTGAGGCTTCAGAATGAACCAAGATCCAAAC

247 3zg
TCARRAAGGGCARATTCCAAGCGAGAATTACATCAAGTGCCAAGCTGEGCCTAACTTCAGTCTCCACCCACTCAGTGT! V.Y

.. TCAAAAAGGGCARATTCCAAGGAGAATTACATCAAGTGCCAAGCTGGCCTAACTTCAGTCTCCACCCACTCAGTGTGGEGAR

329 410
ACTCCATCGCATAAAACCCCTCCCCCCAACCTARAGACGACGTACTCCARAAGCTOGAGAACTAATCGAGGTGCCTGGACGSE

.. ACTCCATCGCATAARAACCCCTCCCCCCAACCTARAGACGACGTACTCCRAAAAGCTCGAGAACTAATCGAGGTGCCTGGACGG

411 492
CGCCCGGTACTCCGTEGAGTCACATGARGCCACGGCTGAGGACGGARAGGCCCTTTT CCTTTGTGTGGGTGACTCACCCGCC

. CGCCCEETACTCCGTCGACTCACATGARAGCCACGECTGAGGACGGAAA CCTTTTCCTTTGTGTGEGTGACTCACCCGCC

493 574
CGCTCTCCCEAGCGCCGCETCCTCCATTT TCGAGCTCCCTGCAGCAGGGCO! AAGCGGCCATCTTTCCGCTCACGCAACTG

. CGCTCTCCCEAGCGCCGCETCCTCCATTTTGAGCTCCCTGCAGCAGEGCCEGEGARGCGGCCATCTTTCCGCTCACGCAACTG

575 656
GTECCEACCEEECCAGCCTTGCCGCCCAGGEOGGEECEATACACGECEGECEOGAGGCCAGGCACCAGAGCAGGCCAGCCAGT

. . GTGCCGACCGGECCAGCCTTGCCGCCCAGGEOGGEEGUGATACACGECGECEOGAGGCCAGGCACCAGAGCAGGCCGGCCAGT

657 738
TTGAGACTACCCCCGTCCGATTCTCGETGECOGCECTCGCAGGCCCCGCCTCECUGARCATETGOGC TEGEGACGCACGEECC

.+ TTGAGACTACCCCCGTCCGATTCTCGET CECECTCECAGECCCCECCTOGCCEARCATETGOGCTGEGACGCACEEECC

Page 2 43EH15 (43EH15.abl), 43EH14 (43EH14.abl)

efla_953

43EH15 (4.
43EH14 (4..

efla_953

43EH15 (4.
43EH14 (4..

efla 953

43EH15 (4.
43EH14 (4..

efla_3553

43EH15 (4.
43EH14 (4..

efla_953

43EH15 (4.
43EH14 (4..

739 820
CCGTCGCCECCCGCGGCCCCARARACCGARA TACCAGTGTGCAGATC TTGGCCCGCATTTACAAGACTATCTTGCCAGAARR

.. CCETCGCCGCCCGCGGCCCCARARACCGARA TACCAGTGTGCAGATC TTGGCCCGCATTTACRAGACTATCTTGCCAGARAR

gz1 an2
AAAGCGTCGCAGCAGGTCATCAAARATTTTAAATGGCTAGAGACT TATCGAAAGCAGCGAGACAGGCEOGAAGETGCCACCA

. . AAAGCGTCGCAGCAGGTCATCAAARATTTTAAATGGCTAGAGACT TATCGAAAGCAGCGAGACAGGCGOGAAGGTGCCACCA

902 ag4
GATTCGCACGOGGCEECCCCAGCGCCCAGGCCAGGCCTCARCTCAAGCACGAGGCGAAGGEGCTCCTTAAGCGCAAGGCCTC

. . GATTCGCACGOGGCGGCCCCAGCEGCCCARGCCAGGCCTCARCTCARGCACGAGGCGAAGGGGCTCCTTAAGCGCAAGGCCTC

985 1066
GAACTCTCCCACCCACTTCCAACCCGAAGCTOGGEATCAAGAATCACGTACTGCAGC CAGGGGCETGGAAGTAATTCARGGC

.+ GAACTCTCCCACCCACTTCCAACCCGAAGCTCGGEATCAAGRATCACGTACTGCAGC CAGGEGCOTGEAAGTARTTCARGGC

1087 1148
ACGCAAGGEGECCATAACCCGTAAAGAGGCCAGGCCCGUGGEEARCCACACACGGCACTTACCTGTGTTCTEGECGGCAAACCCGT

. . ACGCAAGGGCCATAACCCGTAAAGAGGCCAGGCCCGCGGGAACCACACACGGCACTTACCTGTGTTCTGGCGGCARACCCGT

uuuuuuuuuuuuuuuuuu GTARAGAGGCCAGGCCCGCGEEARCCACACACGGCACTTACCTGTGTTCTGECGGCAAACCCGT

efla_953

43EH15 (4.
43EH14 (4.

efla_953

43EHIS (4..
43EH14 (4..

efla_953

43EHIE (4..
43EH14 (4..

efla_953

43EH15 (4..
43EH14 (4..

1149 1230
TGCGAARARAGAACGTTCACGGCGACTACTGCACTTATATACGGTTCTCCCCCACCCT CGGGARAARGGOGGAGCCAGTACAC

.. TGOGRAAAARGARCGTTCACGGCGACTACTGCACTTATATACGETTCTCCCCCACCCT CGGGARARAAGGOGGA - - - - —- - - - -
.. TGOGAAAAAGAACGTTCACGGCGACTACTGCACTTATATACGGTTCTCCCCCACCCT CGGGARARAAGGOGGAGCCAGTACAC

1231 131z
GACATCACTTTCCCAGTTTACCCCGCGCCACCTTCTCTAGGCACCGETTCAATTGCCGACCCCTCCCCCCAACTTCTCGGEG

1212 1394
ACTGTGGGCGATGTGCCCTCTGCCCACTGACGEGCACCEGAGCCTCACGCATGC TCTTCTCCACCTCAGTGATGACGAGAGC

1385 1476
GEGCEEETEAGGEEECCEGAACCCAGCEATCTCTEGGETTCTACGTTAGTGEGAGTTTAACGACGATCCCTGGGATTCCCCAR
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Page 3 43EH15 (43EH15.abl), 43EH14 (43EH14.abl)

efla_ 953
43BH1G (4...
43BH14 (4...

efla 953
43BH15 (4..
43BH14 (4..

efla_953
43BH15 (4..
43BH14 (4..

efla_553
43BH15 (4..
43BH14 (4..

efla_553
43BH15 (4..
43BH14 (4..

efla_953
43BH15 (4..
43EH14 ({4..

efla_953
43BH15 (4..
43BH14 (4..

1477 1558
GECAGG GAGTCCTTTTGTATGAATTACTCTCAGCTCOGGTOGGEECGEGETT TGETGACGEGEG, CGCCT
GECAGGGEGECEAGTCCTTTTGTATGAAT TACTCTCAGCTCOGETOGGEEECGEGETT TGETGACE A CGCCT

1559 1540
GEAAGGGACGTGCAGAATCTTCCCTCTACCATTIGCTGGCTTAGCTCCAR TTGTATTGAGATTAGGETGTACCTTCGCCT

1641 1722

1723 1804

1a05 lage
GTCTAACCCCCACCTCCTGTTAGGCAGATTCCT TATCTGGTGACACACCCCCATTTCCTGGAGCCATCTCTCTCCTTGCCAG
O T A O A T - — —— — — ——— — o
1887 1968
BACCTCTAAGGTTTGCTTACGATGGAGCCAGAGAGGATCCT AGGEAGAGCTTGGC, T AGGGR A
1965

TECG

Figure 113: Sanger sequencing alignments for donor plasmid with Efla promoter. Any mismatched bases are indicated in red

(3 pages).

6.4.3 Donor plasmid with Ef1-HTLYV promoter

Sanger sequencing alignment for Ef1-HTLV promoter. 43EH18: Plasmid 5, 43EH17:

Plasmid 6 (1 page).
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Page 1 43EH12 (43EH18.abl), 43EH17 (43EH17.abl)

efl-htlv_954
42EH18 (4...
43EH17 (4...

efl-htlv_954
43EH18 (4...
43BH17 (4...

efl-htlv_954
43EBH18 (4...
43BH17 (4...

efl-htlv_954
43BH18 (4...
43BH17 (4...

efl-htlv_054
43EH18 (4...
43EH17 (4...

efl-htlv_954
43EH18 (4...
43EH17 (4...

efl-htlv_954
43EH18 (4...
43EH17 (4...

769 gs0
GATCTGTAACGGCECAGAACAGAAAACGARACAAAGACCGTAGAGCTTGAGCAAGCAGGETCAGGCARAGCETEGAGAGBCCGET
GATCTGTAACGGCGCAGAACAGAAAACGAAACAAAGACGTAGAGTTGAGCAAGCAGGETCAGGCARAGOETGGAGAGCCGET
GATCTGTAACGGCGCAGAACAGAARACGARACAAAGACGTAGAGTTGAGCAAGCAGGGTCAGGCARAGCOGTGGAGAGCCGET

851 9312
TGAGTCTAGGTAGGCTCCAAGGGAGCGCCEGACAAAGGCCCGETCTCGACCTGAGCTTTAAACT TACCTAGACGGCGGACGT
TGAGTCTAGGTAGGCTCCAAGGGAGCGCCEEACAAAGGCCCEGETCTCGACCTGAGCTTTAAACTTACCTAGACGGCGGACGT
TGAGTCTAGGTAGGCTCCARGGGAGCGCCEEACAAAGGCCCGETCTCGACCTGAGCTTTAAACTTACCTAGACGGCGGACGT

9313 1014
AGTTCAGGAGGCACCACAGGCGEGAGECEGCAGAACGCGACTCARCCGECGTCEGATGGCEEGCCTCAGETAGGGCGEOGEGEOG
AGTTCAGGAGGCACCACAGGUGGGAGECEECAGAACGCGACTCARCCGECETGGATEECEECCTCAGGTAGGGCEECEEE0E
AGTTCAGGAGGCACCACAGGCGEEAGECEGCAGAACGCGACTCAACCGECETGCATGGCEECCTCAGGTAGGGCGEOGGEGOG

1015 1096
CETEAAGGAGAGATECGAGCCCCTCGAAGCTTCAGCTGTETTCTGGCGECAARCCCETTGOGAAARAGAACGTTCACGGCGA
CGTGAAGGAGAGATECGAGCCCCTCGAAGCTTCAGCTGTETTCTGGCGECAARCCCOTTGOGAAARRGARCGTTCACGGCGA
CGTGAAGGAGAGATECCGAGCCCCTCGAAGCTTCAGCTGTETTCTGGCGECAARCCCOTTEOGAAARAGAACGTTCACGGCGA

1097 1178
CTACTGCACTTATATACGETTCTCCCCCACCCTCGGGAAARAGGCGEGAGCCAGTACACGACATCACTTTCCCAGTTTACCCC
CTACTGCACTTATATACGETTCTCCCCCACCCTCGGGAAARAGGCEEAGCCAGTACACGACATCACTTTCCCAGTTTACCCC
CTACTGCACTTATATACGETTCTCCCCCACCCTCGGEAARRAGGCGEGAGCCAGTACACGACATCACTTTCCCAGTTTACCCC

117% 1260
GCECCACCTTCTCTAGGCACCGETTCAATTGCCGACCCCTCCCCCCAACTTCT CREEEACTETGEECEGATETGCECTCTGCT
GCGCCACCTTCTICTAGGCACCGGTTCAATTGCCGACCCCTCCCCCCARACTTCTCGGGGACTGTGEECGATGTGCGCTCTGCC
GCGCCACCTTCTICTAGGCACCGGTTCAATTGCCGACCCCTCCCCCCAACTTCTAGGGGACTGTGGGCGATGTGCGCTCTGCC

1261

CACTGAC
CACTGAC
CACTGAC

Figure 114: Sanger sequencing alignments for donor plasmid with Ef1-HTLV promoter. Any mismatched bases are indicated

in red (1 page).

6.4.4 Donor plasmid with Efle promoter and hPOMC-GLuc

Sanger sequencing alignment for Efla promoter plus hPOMC-GLuc. 43EH24: Plasmid

6, 43EH22: Plasmid 3, 43EH23: Plasmid 4 (2 pages).
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Page 1

959

43EH24
43EH22
43EH23

959

43EH24
43EH22
43EH23

959

43EH24
43EH22
43EH23

959

43EH24
43EH22
43EH23

859

43EH24
43EH22
43EH23

959

43EH24
43EH22
43EH23

43EH24 (43EH24.abl), 43EH22 (43EH22.abl), 43EH23 (43EH23.abl)

79 160
ctagtcaccaccggocccecttgatcttgtocacctggecctggatottgetggoaaaggtcgocacagegttgeggoagocac

- . CTAGTCACCACCGGCCCCCTTGATCTTGTCCACCTGGCCCTGGATCT TGCTGECAAAGGT CGCACAGCGTTGOGGCAGCCAC
. CTAGTCACCACCGGCCCCCTTGATCTTGTCCACCTGGCCCTGGATCT TGCTGGCAARGGTCGCACAGCGTTGCOGGCAGCCAC
.« CTAGTCACCACCGGCCCCCTTGATCTTGTCCACCTGGCCCTGEGATCT TGCTGGCARAGGTCGCACAGCGTTGCOGGCAGCCAC

161 242
ttettgageaggtcagaacactgeacgttggeaagecctttgaggeagecagttgtgeagtecacacacagatecgacctgtg

. . TTCTTGAGCAGGETCAGAACACTGCACGTTGGCARGCCCTTTGAGGCAGCCAGTTGTGCAGTCCACACACAGATCGACCTGTG
. TTCTTGAGCAGETCAGAACACTGCACGTTGGCAAGCCCTTTGAGGCAGCCAGTTGTGCAGTCCACACACAGATCGACCTGTG
. . TTCTTGAGCAGETCAGAACACTGCACGTTGGCAAGCCCTTTGAGGCAGCCAGTTGTGCAGTCCACACACAGATCGACCTGTG

243 324
cgatgaactgetocatgggetocaagtocttgaacecaggaatetocaggaatgtegacgategectegectatgocgecetg

. . CGATGAACTGCTCCATGGGCTCCAAGTCCTTGAACCCAGGAATCTCAGGAATGTCGACGATCGCCTCGCCTATGCCGCCCTG
. CGATGAACTGCTCCATGGGCTCCAAGTCCTTGARCCCAGGAATCTCAGGAATETCGACGATCGCCTCGCCTATGCCGCCCTG
. . CGATGAACTGCTCCATGEGCTCCAAGTCCTTGAACCCAGGAATCTCAGGAATETCGACCGATCGCCTCECCTATECCGCCCTE

325 406
tgeggactetttgtegecttegtaggtgtggeagegtcctgggatgaacttettcatctbtgggegtgeacttgatgtgggac

- TECGGACTCTTIGTCECCTTCETAGET GTGGCAGCGTCCTGGEATGAACT TCT TCAT CTTGEGCGTGCACTTGATGTGGGAC
- TGOGGACTCTTIGTCGCCTTCGTAGGT GTGGCAGCGTCCTGGEATGAACTTCT TCAT CTTGEGGCGTGCACTTGATGTGGGAL
. . TBOGEACTCTTTGTOGCCTTCETAGGTGTGECAGCGTCCTGGEATGAACTTCTTCAT CTTGEGECGTGCACTTGATGTGGGAC

407 4g8
aggcagatcagacagoccctggtgeagecagettteogggeattggettecatetetttgageacctecageggoagettet

- AGGCAGATCAGACAGCCCCTGETGCAGCCAGCTTTCCGEECAT TGEC TTCCATCTCTTTGAGCACCTCCAGCGRCAGCTTCT
- AGGCAGATCAGACAGCCCCTGETGCAGCCAGCTTTCCGEECAT TGEC TTCCATCTCT TTEAGCACCTCCAGCGECAGCTTCT
- . AGGCAGATCAGACAGCCCCTGGTGCAGCCAGCTTTCCGGGCATTGGCTTCCATCTCTTTGAGCACCTCCAGCGGCAGCTTCT

489 570
tgcecgggeaacttecegeggtcageatecgagatcegtggtegegaagt tgetggecacggecacgatgt tgaagtettegtt

- . TBCCGGGCAACTTCCCGCGGTCAGCATCGAGATCCGTGGTCGCGAAGTTGCTGECCACGECCACGATGTTGAAGTCTTCGTT
- TGCCGGGCAACTTCCCGCGGTCAGCATCGAGATCCGTGGTCGCGAAGTTGCTEGGCCACGEGCCACGATGTTGAAGTCTTCGTT
.« TGECCGGGCAACTTCCCGCGGTCAGCATCGAGATCCGTGGETCGCGAAGTTGCTGGCCACGEGCCACGATGTTGAAGTCTICGTT

571 652
gttcteggtgggetteatgecacgoacttocatggaggectgaageageaaggecagcaacagggoccccgageggetgeag

. . GTTCTCGGTGGGCTTCATGCCACGCACTTCCATGGAGGCCTGAAGCAGCAAGGCCAGCAACAGGGCCCCCGAGCGGCTGCAG
. . GTTCTCGGTGGGCTTCATGCCACGCACTTCCATGGAGGCCTGAAGCAGCAAGGCCAGCAACAGGGCCCCCGAGCGGCTGCAG
. . GTTCTCGGTGGGECTTCATGCCACGCACTTCCATGGAGGCCTGAAGCAGCAAGGCCAGCAACAGGGCCCCCGAGCGGCTGCAG

653 734
cacgatcteggeatggtggTTAATTAATTCACGACACCTGARATGGAAGAAAAAAACTTTGAACCACTGTCTGAGGCTTGAG

. . CACGATCTCGGCATGGTGGTTAATTAATTCACGACACCTGARATGGAAGAAAAAAACTTTGAACCACTGTCTGAGGCTTGAG
. . CACGATCTCGGCATGGTGGTTAATTAATTCACGACACCTGARATGGAAGAAAAAAACTTTGAACCACTGTCTGAGGCTTGAG
. . CACGATCTCGGCATGGTGGTTAATTAATTCACGACACCTGARATGGAAGAAAAAAACTTTGAACCACTGTCTGAGGCTTGAG

Dage 2

959

43EH24
43EH22
43EH23

43EH24 (42EH24 .abl), 43EH22 (43EH22.abl), 43EH23 (43EH23.abl)

735 a1e
AATGAACCAAGATCCAAACTCAAARAGGGCAAATTCCAAGGAGAATTACATCAAGTGCCAAGCTGGCCTAACTTCAGTCTCC

... BAATGAACCAAGATCCAAACTCAAAAAGGGCAAATTCCAAGGAGAATTACATCAAGTGCCAAGCTGGCCTAACTTCAGTCTCC
... AATGAACCAAGATCCAAACTCAAAAAGGGCAAATTCCAAGGAGAATTACATCAAGTGCCAAGCTGECCTAACTTCAGTCTCC
... BAATGAACCAAGATCCAAACTCAAAAAGGGCAAATTCCAAGGAGAATTACATCARAGTGCCAAGCTGGCCTAACTTCAGTCTCC

959

43EH24
43EH22
43EH22

817 898
ACCCACTCAGTGTGEEGAAACTCCATCGCATAARACCCCTCCCCCCAACCTAAAGACGACGTACTCCAARAGCTCGAGAACT

... ACCCACTCAGTGTGGGGAAACTCCATCGCATARRACCCCTCCCCCCAACCTAARGACGACGTACTCCARAAGCTCGAGAACT
... ACCCACTCAGTGTGGGGAAACTCCATCGCATAAAACCCCTCCCCCCAACCTAARGACGACGTACTCCARAAGCTCGAGAACT
... ACCCACTCAGTOTGGGEGAAACTCCATCGCATAARACCCCTCCCCCCAACCTAARGACGACGTACTCCAAAAGCTCGAGAACT

959

43EH24
43EH22
43EH22

299 980
AATCEAGETGCCTEEACGECECCOGETACTCCATEGEACTCACATEAAGCGACEGCTEAGCACGEAAAGGCCCTTTTCCTTTS

... BAATCGAGGTGCCTGGACGGCGCCOGGTACTCOGTGGAGTCACATGAAGCGACGGCTGAGCACGCARAGGCCCTITTCCTTTE
... BAATCEAGGTGCCTGGACGGCGCCOGETACTCOGTGGAGT CACATGAAGCGACGGCTGAGGACGEARAGGCCCTTTTCCTTTG
... AATCGAGETGCCTEGACGECGCCCGETACTCOGTEGAGTCACATGAAGCGACGECTGAGGACGCAAAGGCCCTTITTCCTTTE

9589

43EH24
43EH22
43EH23

981 1062
TETGEETGACTCACCCECCCGCTCTCCCGAGOGCCGUETCCTCCATTTTGAGCTCCCTGCAGCAGGECK ARGCGGCCAT

... TETGEETGACTCACCCGCCCECTCTCCCGAGCECCECETCCTCCATTTTGAGCTCCCTEGCAGCAGGEL! ARGCGGCCAT
. TETGGETGACTCACCCGCCCGCTCTCCOGAGCGCCGCETCCTCCATTTTGAGCTCCCTGCAGCAGGEC! ARGCGGCCAT
.. . TETGEETGACTCACCCGCCCGCTCTCCCGAGCGUCECETCCTCCATTTTGAGCTCCCTEGCAGCAGGEL! ARGCGGCCAT
1063 1144

959

43EH24
43EH22
43EH23

CTTTCCGCTCACGCAACTGETGCCGACCGEECCAGCCTTEGCCGCCCAGGGCGEGGOGATACACGEGCGGCECGAGGCCAGGCA

... CTTTCCGCTCACGCAACTGECTECCGACCEGECCAGCCTTGCCECCCAGGECGEGEOGATACACCECGECACGAGECCAGGECA
. CTTTCCGCTCACGCAACTGETGCCGACCEEECCAGCCTTGCCGCCCAGGGCAGGEOGATACACGGCGECECEAGGCCAGGCA
... CTTTCCGCTCACGCAACTGGETGCOGACCGEECCAGCCTTGCCGCCCAGEGCGEGEOGATACACGECEEOECGAGGCCAGGTA

959

43EH24
43EH22
43EH23

1145 1195
CCAGAGCAGGCCGGCCAGCTTGAGACTACCCCCETCCGATTCTCEGTGECC

. CCAGAGCAGGCCGGCCAGCTTGAGACTACCCCCGTCCGATTCTORETGECT
- CCAGAGCAGGCCGECCAGCTTGAGACTACCCCCATCCGATTCTCGETEGCC
... CCAGAGCAGGCCEGCCAGCTTGAGACTACCCCCGTCCGATTCTOGGTGECC
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Figure 115: Sanger sequencing alignments for donor plasmid with Efla promoter and hPOMC-GLuc. Any mismatched bases

are indicated in red (2 pages).

6.4.5 Donor plasmid with Ef1-HTLYV promoter and hPOMC-GLuc

Sanger sequencing alignment for hPOMC-GLuc in Ef1-HTLV promoter plasm

Plasmid 3 (1 page).

d 2, 43EH27:

Plasmi

d 1, 43EH26

Plasmi

43EH25

Page 1 43EH25

hPOMC-GLu.
43EH25 (4.
43EH26 (4.
43EH27 (4...
hPOMC-GLu.
43EH25 (4.
43EH26 (4.
43EH27 (4.
hPOMC-GLu.
43EH25 (4.
43EHZE (4.
43EH2T (4.
hPOMC-GLu.
43EH25 (4.
43EH26 (4.
43EH2T (4.
hPOMC-GLu .
43EH25 (4.
43EHZ6 (4.
43EH27 (4.
hPOMC-GLu.
43EH25 (4...
43EH26 (4.
43EH27 (4.
hPOMC-GLu.
43EH25 (4.
43EH26 (4.
43EH27 (4.

(43EHZ25.abl), 43EH26 (43EHZ6.abl), 43EHZ7 (43EH27.abl)

82 163

.. ctagtcaccaccggcccccttgatcttgtecacctggecctggatettgetggeaaaggtegeacagegttgeggeagecac
.. CTAGTCACCACCGGCCCCCTTGATCTTGTCCACCTGGCCCTGGATCTTGCTGGCARAGGTCGCACAGCGTTGCGGCAGCCAC
.. CTAGTCACCACCGGCCCCCTTGATCTTGTCCACCTGGCCCTGGATCTTGCTGGCARAGGTCGCACAGCGTTGCGGCAGCCAC

CTAGTCACCACCGGCCCCCTTGATCTTGTCCACCTGGCCCTGGATCTTGCTGGCAAAGGTCGCACAGCGTTGCGGCAGCCAC

164 245

.. ttcttgagcaggtcagaacactgcacgttggcaagecctttgaggoagecagttgtgoagtcoacacacagatcgacctgty
.. TTCTTGAGCAGGTCAGAACACTGCACGTTGGCABCABEBNBACNGGCAGCCAGTTGTGCAGTCCACACACAGATCGACCTGTG
.. TTCTTGAGCAGGTCAGAACACTGCACGTTGGCARGCCCTTTGAGGCAGCCAGTTGTGCAGTCCACACACAGATCGACCTGTG
.. TTCTTGAGCAGGTCAGAACACTGCACGTTGGCAAGCCCTTTGAGGCAGCCAGTTGTGCAGTCCACACACAGATCGACCTGTG

246 327

.. cgatgaactgctccatgggctecaagtccttgaacccaggaatceteaggaatgtegacgategectegectatgecgeecty
.. CGATGAACTGCTCCATGGGCTCCAAGTCCTTGAACCCAGGAATCTCAGGAATGTCGACGATCGCCTCGCCTATGCCGCCCTG
.. CGATGAACTGCTCCATGGGCTCCAAGTCCTTGAACCCAGGAATCTCAGGAATGTCGACGATCGCCTCGCCTATGCCGCCCTG
.. CGATGAACTGCTCCATGGGCTCCAAGTCCTTGAACCCAGGAATCTCAGGAATGTCGACGATCGCCTCGCCTATGCCGCCCTG

328 409

.. tgcggactctttgtcgecttegtaggtgtggcagegtectgggatgaacttottecatettgggegtgeacttgatgtgggac
«+ TGCGGACTCTTTGTCGCCTTCGTAGGTGTGGCAGCGTCCTGGGATGAACTTCTTICATCTTGGGCGTGCACTTGATGTGGGAC
.. TGCGGACTCTTTGTCGCCTTCGTAGGTGTGGCAGCGTCCTGGGATGAACTTCTTCATCTTGGGCGTGCACTTGATGTGGGAC
.. TGCGGACTCTTTGTCGCCTTCGTAGGTGTGGCAGCGTCCTGGGATGAACTTCTICATCTTGGGCGTGCACTTGATGTGGGAC

410 491

.. aggcagatcagacagcccctggtgcoagecagettteocgggecattggettecatetetttgagoacctecageggeagettet
-+ AGGCAGATCAGACAGCCCCTGGTGCAGCCAGCTTTCCGGGCATTGGCTTCCATCTCTTTGAGCACCTCCAGCGGCAGCTTCT
.. AGGCAGATCAGACAGCCCCTGGTGCAGCCAGCTTTCCGGGCATTGGCTTCCATCTCTTTGAGCACCTCCAGCGGCAGCTTCT
.. AGGCAGATCAGACAGCCCCTGGTGCAGCCAGCTTTCCGGGCATTGGCTTCCATCTCTTTGAGCACCTCCAGCGGCAGCTTCT

492 573

.. tgccgggeaacttceccgeggtcageatcgagatoogtggtegegaagttgetggecacggecacgatgttgaagtettegtt

TGCCGGGCARCTTCCCGCGGTCAGCATCGAGATCCGTGGTCGCGAAGTTGCTGGCCACGGCCACGATGTTGAAGTCTTCGTT

.. TGCCGGGCAACTTCCCGCGGTCAGCATCGAGATCCGTGGTCGCGARGTTGCTGGCCACGGCCACGATGTTGAAGTCTTCGTT
.+« TGCCGGGCAACTTCCCGCGGTCAGCATCGAGATCCGTGGTCGCGAAGTTGCTGGCCACGGCCACGATGTTGAAGTCTTCGTT

574 592

.. gttctcggtgggcttcatg
.. GTTCTCGGTGGGCTTCATG
.. GTTCTCGGTGGGCTTCATG
.. GTTCTCGGTGGGCTTCATG

Figure 116: Sanger sequencing alignments for donor plasmid with Ef1-HTLV promoter and hPOMC-GLuc. Any mismatched

bases are indicated in red (1 page).

6.4.6 Donor plasmid with Ef1-HTLV promoter and no tag GLuc

Sanger sequencing alignment for no tag GLuc in Ef1-HTLV promoter plasm

Plasmid 7 (1 page).

d 3, 52BH04:

Plasmi

d 1, 52BHO05:

: Plasmi

52BH06
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Page 1 52BHO6_46966889_46966889 (52BH06_46966889_46966889.abl), 52BH0S_46966872_46966872 (52...

673 754
no tag Gl... ctagtcaccaccggcccecttgatcttgtecacetggcectggatettgetggcaaaggtegeacagegttgeggeageeac
52BH06_46... CTAGTCACCACCGGCCCCCTTGATCTIGICCACCTGGCCCTGGATCTTGCTGGCAAAGGTCGCACAGCGTTGCGGCAGCCAC
52BH05_46... CTAGTCACCACCGGCCCCCTTGATCTTGTCCACCTGGCCCTGGATCTTGCTGGCAAAGGTCGCACAGCGTTGCGGCAGCCAC

52BH04_46... CTAGTCACCACCGGCCCCCTTGATCTTGTCCACCTGGCCCTGGATCTTGCTGGCARAGGTCGCACAGCGTTGCGGCAGCCAC

755 836
no tag Gl... ttcttgagcaggtcagaacactgcacgttggcaagecctttgaggecagecagttgtgeagteocacacacagatcgacctgtyg
52BH06_46... TTCTTGAGCAGGTCAGAACACTGCACGTTGGCAAGCCCTTTGAGGCAGCCAGTTGTGCAGTCCACACACAGATCGACCTGTG
52BH05_46... TTCTTGAGCAGGTCAGAACACTGCACGTTGGCAAGCCCTTTGAGGCAGCCAGTTGTGCAGTCCACACACAGATCGACCTGTG

52BH04_46... TTCTTGAGCAGGTCAGAACACTGCACGTTGGCAAGCCCTTTGAGGCAGCCAGTTGTGCAGTCCACACACAGATCGACCTGIG

837 918
no tag Gl... cgatgaactgctccatgggctccaagtccttgaacccaggaatctcaggaatgtcgacgatcgectegectatgecgeectyg
52BH06_46... CGATGAACTGCTCCATGGGCTCCAAGTCCTTGAACCCAGGAATCTCAGGAATGTCGACGATCGCCTCGCCTATGCCGCCCTG
52BH05_46... CGATGAACTGCTCCATGGGCTCCAAGTCCTTGAACCCAGGAATCTCAGGAATGTCGACGATCGCCTCGCCTATGCCGCCCTG
52BH04_46... CGATGAACTGCTCCATGGGCTCCAAGTCCTTGAACCCAGGAATCTCAGGAATGTCGACGATCGCCTCGCCTATGCCGCCCTG

919 1000
no tag Gl... tgcggactctttgtcgeoctteogtaggtgtggecagegtectgggatgaacttettcatettgggegtgoacttgatgtgggac
52BH06_46... TGCGGACTCTITGTCGCCTTCGTAGGTGTGGCAGCGTCCTGGGATGAACTTCTTCATCTTGGGCGTGCACTTGATGTGGGAC
52BH0O5_46... TGCGGACTCTTTGTCGCCTTCGTAGGTGIGGCAGCGTCCTGGGATGAACTTICTTCATCTTGGGCGTGCACTTGATGTGGGAC

52BH04_46... TGCGGACTCTTTGTCGCCTTCGTAGGTGTGGCAGCGTCCTGGGATGAACTTCTTCATCTTGGGCGTGCACTIGATGTGGGAC

1001 1082
no tag Gl... aggcagatcagacagecccctggtgcagccagetttcoegggeattggettecatetetttgageacctecageggeagettet
52BH06_46... AGGCAGATCAGACAGCCCCTGGTGCAGCCAGCTTTCCGGGCATTGGCTTCCATCTCTTTGAGCACCTCCAGCGGCAGCTTCT
52BH05_46... AGGCAGATCAGACAGCCCCTGGTGCAGCCAGCTTTCCGGGCATTGGCTTICCATCTCTTTGAGCACCTCCAGCGGCAGCTTCT
52BH04_46... AGGCAGATCAGACAGCCCCTGGTGCAGCCAGCTTTCCGGGCATTGGCTTCCATCTCTTTGAGCACCTCCAGCGGCAGCTTCT

1083 1164
ne tag Gl... tgccgggcaacttcccgeggtcagcatcgagatcegtggtecgegaagttgetggecacggecacgatgttgaagtettegtt

52BH06_46... TGCCGGGCAACTTCCCGCGGTCAGCATCGAGATCCGTGGTCGCGAAGTTGCTGGCCACGGCCACGATGTTGAAGTCTTCGIT
52BH05_46... TGCCGGGCAACTTCCCGCGGTCAGCATCGAGATCCGTGGTCGCGAAGTTGCTGGCCACGGCCACGATGTTGAAGTCTTCGTT
52BH04_46... TGCCGGGCAACTTCCCGCGGTCAGCATCGAGATCCGTGGTCGCGAAGTTGCTGGCCACGGCCACGATGTTGAAGTCTTCGTT

1165 1194
no tag Gl... gttctcggtgggcttcatggtggTTAATTA
52BH06_46... GTTCTCGGTGGGCTTCATGGTGGTTAATTA
52BH05_46... GTTCTCGGTGGGCTTCATGGTGGTTAATTA
52BH04_46... GTTCTCGGTGGGCTTCATGGTGGITAATTA

Figure 117: Sanger sequencing alignments for donor plasmid with Ef1-HTLV promoter and no tag GLuc. Any mismatched

bases are indicated in red (1 page).

6.4.7 Donor plasmid with Ef1-HTLV promoter and CgA-GLuc

Sanger sequencing alignment for CgA-GLuc in Ef1-HTLV promoter plasmid. 52BH88

ing run;

Plasmid 7, forward sequenci

EF0074784_2

; EF0074784:

Plasmid 1, forward sequencing run

EF0074785

Plasmid 1, middle sequencing

EF0074785_3

ing run

Plasmid 3, forward sequenc

EF0074785_2

Plasmid 1, reverse

(5 pages).

ing run

Plasmid 3, middle sequenc

run

, FevVerse sequencing run

: Plasmid 3

; EFO074784_2

sequencing run
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Page 1 52BHBB_47688827_47688827 (52BHBB_47688827_47688827.abl), EF00747849_EF0074784% (EF007...

1217 1298
CgA-GLuc_... ACTAGTctagtcaccaccggcccccttgatecttgtecacctggeecctggatettgetggeaaaggtegeacagegttgegge
52BH88_47... ACTAGTCTAGTCACCACCGGCCCCCTTGATCTTGTCCACCTGGCCCTGGATCTTIGCTGGCARAGGTCGCACAGCGTTGCGGE
EF0074784... ACTAGTCTAGTCACCACCGGCCCCCTTGATCTTGTCOBCCTGGCCCTGGATCTTGCTGGCARAGGTCGCACAGCGTTGCGGE
EF0074785... —-CTGGATCTTGCTGGCARAGGTCGCACAGCGTTGCGGC
EF0074784 ... ————— === — oo
EF0074785. .. ——m oo e e
EFQ074785. .. === e e e e e e e e e e e e e e e e e e e e e e
1 L ——

1299 1380
CgA-GLuc_... agccacttcttgagcaggtcagaacactgecacgttggeaagecctttgaggecagecagttgtgeagtcoccacacacagatega
52BHE8_47... AGCCACTTCTTGAGCAGGTCAGAACACTGCACGTTGGCAAGCCCTTTGAGGCAGCCAGTTGTGCAGTCCACACACAGATCGA

EF0074784... AGCCACTTCTTGAGCAGGTCAGAACACTGCACGTITGGCAAGCCCTTTGAGGCAGCCAGTIGTGCAGTCCACACACAGATCGA
EF0074785... AGCCACTTCTTGAGCAGGTCAGAACACTGCACGTTGGCAAGCCCTTTGAGGCAGCCAGTTGTGCAGTCCACACACAGATCGA
EFO0T 4T84, .. — o
EFO0 T 4T85, . m oo oo
EF0074TB5. .. === e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
31T b ¥ B i ———

1381 1462
CgA-GLuc_... cctgtgcgatgaactgctccatgggctccaagtccttgaacccaggaatctcaggaatgtcgacgategectegectatgee
52BH88_47... CCTGTGCGATGAACTGCTCCATGGGCTCCAAGTCCTTGRACCCAGGAATCTCAGGAATGTCGACGATCGCCTCGCCTATGCC
EF0074784... CCTGTGCGATGAACTGCTCCATGGGCTCCAAGTCCTTGAACCCAGGAATCTCAGGAATGTCGACGATCGCCTCGCCTATGCC
EF0074785... CCTGTGCGATGAACTGCTCCATGGGCTCCAAGTCCTTGAACCCAGGAATCTCAGGAATGTCGACGATCGCCTCGCCTATGCT
EF0074784 . .. ——m e e e e e e
EFO0T74785, .. = e -
EFO0T 4T85, .. — o
EF007478d ., .. —— e e e e e

1483 1544
CgA-GLuc_... gccctgtgeggactetttgtegecttegtaggtgtggeagegtectgggatgaacttetteatettgggegtgcacttgaty
52BHBB_47... GCCCTGTGCGGACTCTTTGTCGCCTTCGTAGGTGTGGCAGCGTCCTGGGATGARCTTCTTCATCTIGGGCGTGCACTTIGATG
EF0074784... GCCCTGTGCGGACTCTTTGTCGCCTTCGTAGGTGTGGCAGCGTCCTGGGATGARCTTCTICATCTTGGGCGTGCACTTIGATG
EF0074785... GCCCTGTGCGGACTCTTTGTCGCCTTCGTAGGTGTGGCAGCGTCCTGGGATGAACTTCTICATCTTGGGCGTGCACTTGATG
EF0074784... —
EF OO 7785, .. e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
EF0074785, .. === e e e e e e e e e e e e e e e e e e e
EFO0TAT84. . o = e e e e e e e e e e e

1545 1626
CgA-GLuc_... tgggacaggcagatcagacagcccctggtgecagcoccagetttoeocgggeattggettecatectectttgagecaccteccageggea
52BH88_47... TGGGACAGGCAGATCAGACAGCCCCTGGTGCAGCCAGCTTTCCGGGCATTGGCTTCCATCTCTTTGAGCACCTCCAGCGGCA
EF0074784... TGGGACAGGCAGATCAGACAGCCCCTGGTGCAGCCAGCTTTCCGGGCATTGGCTTCCATCTCTTTGAGCACCTCCAGCGGCA
EF0074785... TGGGACAGGCAGATCAGACAGCCCCTGGTGCAGCCAGCTTTCCGGGCATTGGCTTCCATCTCTTTGAGCACCTCCAGCGGCA
EF 007478, . . m oo o
ERODTATRS. .. mmm e e e e e e e e e e e e e e e e e e
EFD074785. .. —mm e e e e e e e
EFD07TATBA, .. —mm e e e e e e e

Page 2 52BHBB_4768BB827_47688827 (52BHBB_47688827_47688827.abl), EF00747849_EF00747849 (EF007...

1627 1708
CgA-GLuc_... gcttcttgccgggeaactteccgeggteageategagatecgtggtegegaagttgotggecacggecacgatgttgaagte
52BHBB_47... GCTTCTTGCCGGGCAACTTCCCGCGGTCAGCATCGAGATCC

EF0074784... GCTTCTTGCCGGGCAACTTCCCGCGGTCAGCATCGAGATCC
EF0074785... GCTTCTTGCCGGGCAACTTCCCGCGGTCAGCATCGAGATCCGTGGTCGCGARGTTGCTGGCCACGGCCACGATGTTGAAGTC
EF0074784
EF0074785
EF0074785
EF0074784..

1709 1790
ttcgttgttocteggtgggottcatttggatcCGAGCTCGGTACCggecccecgecgtagtgectgecagetggtgggecacttte

TTCGTTGTTCTCGGTGGGCTTCATT TGGATCCGAGCTCGGTACCGGCCCCGCCGTAGTGCCTGCAGCTGGTGGGCCACTTTC
\\\\\\\\\\\\\ CCGCCGTAGTGCCTGCAGCTGGTGGGCCACTTTIC
I CCGCCGTAGTGCCTGCAGCTGGTGGGCCACTTTIC

1791 1872
tccagctctgettcaatggecgacaggctotcoocagotoctggtoctctggtetgeggtttgegotgocctactectetttet

TCCAGCTCTGOBTCAATGGCCGACAGGCTCTCCAGCTCCTGGTCCTCTGGTCTGCGGTTTGCGCTGCCCTCCTCCTCTTTCT
TCCAGCTCTGOBTCAATGGCCGACAGGCTCTCCAGCTCCTGGTCCTCTGGTCTGCGGTTTGCGCTGCCCTCCTCCTCTTTCT
TCCAGCTCTGOBTCAATGGCCGACAGGCTCTCCAGCTCCTGGTCCTCTGGTCTGCGGTTTGCGCTGCCCTCCTCCTCTTTCT

1873 1954
tctecctcggggtagectcggacctggaggggcaggocegectcaaggctgtectcocgggaggatggoct ccagectegteg

EF0074785... TCTCCTCGGGGTAGCCTCGGACCTGGA GCA:
EF0074784... TCICCTCGGGGTAGCCTCGGACCTGGAGGGGCAGGCCCGCCTCAAGGCTGTCCTCCCGGGAGGATGGCCTCCAGCCTICGTCG
TCTCCTCGGGGTAGCCTCGGACCTGGAGGGGCAGGCCCGCCTCAAGGCTGTCCTCCCGGGAGGATGGCCTCCAGCCTCGTCG

1955 203¢
cagctgcggcccagggeccetgaagecgtaggocegggcccggaaggagagottcatggaactgtcccggttgtoctectee

EF0074785...
EF0074784... CAGCTGCGGCCCAGGGCCCCTGAAGCCGTAGGCCCGGGCCCGGARGGAGAGCTTCATGGAACTGTCCCGGTTGTCCTCCTCC
CAGCTGCGGCCCAGGGCCCCTGAAGCCGTAGGCCCGGGCCCGGAAGGAGAGCTTCATGGAACTGTCCCGGTTGTCCTCCTCC

EF0074784
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Page 3 52BHBB_47688827_47688827 (52BHBB_47688827_47688827.abl), EF00747849_EF00747849 (EF007...

2037 2118
CgA-GLuc_... tcctectgeccctecagecgetteotcagecgtcagetecttggecagetggtecatettgetecagegtttggagtectece
S2BHBB_47. .. === e e e e e e e
EFD0TATBA . ¢\ m o o

EF0074785, ., —======mmm oo o
EF0074784... TCCTCCTGCCCCTCCAGCCGCTTCTCAGCCGTCAGCTCCTTGGCCAGCTGGTCCATCTIGCTCCAGCGTTTGGAGTCCTCCC
EF0074785... TCCTCCTGCCCCTCCAGCCGCTTCTCAGCCGTCAGCTCCTTGECCAGCTGGTCCATCTTGCTCCAGCGTTTGGAGTCCTCCT

EF0074785... —————————- ————————— e e e ——————
EF00TA7B4d, ., =————m e e e e e e e e e e e e e e e e e e e e e e e e e e

2119 2200
CgA-GLuc_... actccttggagagccgctcctoctoctgetaocagetetecgetettoccaccoecggaagaggocttgegggaccactgecat
S2BHBB_47. .. ——mmmmm oo

EFO07ATBA, .\ oo mm s mm oo e e e
EF0074785... ——m——— """
EF0074784... ACTCCTTGGAGAGCCGCTCCTCCTCCTGCTCCAGCTCTCCGCTCTTCCCACCCCGGAAGAGGCCTTGCGGGACCACTGCCAT
EF0074785... ACTCCTTGGAGAGCCGCTCCTCCTCCTGCTCCAGCTCTCCGCTCTTCCCACCCCGGAAGAGGCCTTGCGGGACCACTGCCAT
EF0074785., ., ——m oo e
EF0074784... ---—-—- TS Y SO —

2201 2282
CgA-GLuc_... ctcctecctectectectttetgetgggagtgetectgttetecctteocctteggggtectgagectectecagececaggette
B2BHBB _47. .. o
EF00 74784, .. =
EF0074785..., —————————— S N T M U Y S S S L ST
EF0074784... CTCCTCCTCCTCCTCTTTCTGCTGGGAGTGCTCCTGTTCTCCCTICCCTTCGGGGTCCTGAGCCTCCTCAGCCCCAGGCTTC
EF0074785... CTCCTCCTCCTCCTCTTTCTGCTGGGAGTGCTCCTGTTCTCCCTTCCCTTCGGGGTCCTGAGCCTCCTCAGCCCCAGGCTTC
EFO0T4T85 . . —mm oo

EF0074784... —————————- S L O O P

2283 2364
CgA-GLuc_... ccagctccatccacagecagagectecgaccgactetegeetttecggatetecttgtagecaaggctegggtgggggttca
52BHBB_47... R ——— e it isindacl -
EF0074784... - - - —

EF0074785... —-———--- e e e e e el
EF0074784... CCAGCTCCATCCACAGCCAGAGCCTCCGACCGACTCTCGCCTTTCCGGATCTCCTTGTAGCCAAGGCTCGGGTGGGGGTTCA
EF0074785... CCAGCTCCATCCACAGCCAGAGCCTCCGACCGACTCTCGCCTTTCCGGATCTCCTTGTAGCCAAGGCTCGGGTGGGGGTTCA
EFO0 778, .. e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

i i e - B ——————

2365 2446
CghA-GLuc_... gcactacagtggggccttcttecteggggacagectectetecagocteagectectectectectectectectettetet
52BHBB_47... ——-——--- e e e e e ————————
EF0074784..., ———-—---— S
EF0074785... e e e e e e
EF0074784... GCACTACAGTGGGGCCTTCTTCCTCGGGGACAGCCTCCTCTCCAGCCTCAGCCTCCTCCTCCTCCTCCTCCTCCTCTTCTCT

EF0074785... GCACTACAGTGGGGCCTTCTTCCTCGGGGACAGCCTCCTCTCCAGCCTCAGCCTCCTCCTCCTCCTCCTCCTCCTICTICTCT
EF 00T AT, . oo oo o
EF0074784..., ——————

Page 4 52BHBB_47688B27_47688827 (52BH8B_47688B27_47688827.abl), EF00747849_EF0074784% (EF007...

2447 2528
CgA-GLuc_... ctttgoctgoccaccctggetctgeoactcaggeccttectecteotgteocaccagaccctgagagaggeccteactgtecececteg
52BHB8_47... ——————————m—m e
EF0074784... -——==——= N —

EF0074785... ——-----———ooommommmmmmmmee

EF0074784,.. CTTTGCCTGCCACCCTGGCTCTGCACTCAGGCCCTTCTCTCTGTCCACCAGACCCTGAGAGAGGCCCTCACTGTCCCCCTCG
EF0074785... CTTTGCCTGCCACCCTGGCTCTGCACTCAGGCCCTTCTCTCTGTCCACCAGACCCTGAGAGAGGCCCTCACTGTCCCCCTCG
EF0074785... --TTGCCTGCCACCCTGGCTCTGCACTCAGGCCCTTCTCTCTGTCCACCAGACCCTGAGAGAGGCCCTCACTGTCCCCCTCG
Hmocqhqmnw\\\\ \\\

2529 2610
. gcctgtgggectgggtatttotggetggggaggotggetggagggtgggtgttggtggectectectectectectottect

CgA-GLuc_
52BHB8_47
EF0074784,.. -------- -
EF0074785...

EF0074784... GCCTGTGGGCCTGGGTATTTCTGGCTGGGGAGGCTGGCTGGAGGGTGGGTGTTGGTGGCCTCCTCCTCCTCCTCCTCTTCC

EF0074785... GCCTGTGGGCCTGGGTATT-——-—-—

EF0074785... GCCTGTGGGCCTGGGTATTTCTGGCTGGGGAGECTGGCTGGAGGGTGGETGT TGGTGGCCTCCTCCTCCTCCTCCTCTTCCT

EF0074784.,.. TGG. TGGGTGTTGGTGGCCTCCTCCTCCTCCTCCTCTTCCT
2611 2692

CgA-GLuc_... ccccaggggcctgattgttecccctcagecttggactecctgecatgggectececgggagggectggggectggeteegtetgtgge
52BHB8_47...

EF0074784...

EF0074785

EF0074784

EF0074785

EF0074785,.. CCCCAGGGGCCTGATTGTTCCCCTCAGCCTTGGACTCCTGCATGGGCTCCGGGAGGGCCTGGGGCCTGGCTCCGTCTGTGGC

EF0074784... CCCCAGGGGCCTGATTGTTCCCCTCAGCCTTGGACTCCTGCATGGGCTCCGGGAGGGCCTGGGGCCTGGCTCCGTCTGTGGE
2693 2774

CgA-GLuc_... ttcaccacttttctotgectccttggaatectetettttetocataacatecttggatgatggetettecacegectettte

52BHB8_47... —-—————————————— - memm e - - mmmmmm e -

EF0074784... - - -

EF0074785...

EF0074784,..

EF0074785...

EF0074785... TTCACCACTITTCTCTGCCTCCTIGGAATCCTCTCTTITTCTCCATAACATCCTTGGATGATGGCTCTTCCACCGCCTCTTTC

EF0074784... TTCACCACTTTTCTCTGCCTCCTTGGAATCCTCTCTTTTCTCCATAACATCCTTGGATGATGGCTCTTCCACCGCCTCTTTC
2775 2856

CgA-GLuc_... agctcggcctggctgotctggttctcaagaacctotgagagttcatcttcaaaaccgetgtgtttcttotgetgatgtgece

52BHBE_47...
EF0074784,..
EF0074785...
EF0074784
EF0074785
EF0074785
EF0074784

AGCTCGGCCTGGCTGCTCTGGTTCTCAAGAACCTCTGAGAGTTICATCTTCAAARCCGCTGTGTTTCTTCTGCTGATGTGCCC
. AGCTCGGCCTGGCTGCTCTGGTTCTCAAGAACCTCTGAGAGTTCATCTTCAAAACCGCTGTGTTTCTTCTGCTGATGTGCCC
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Page 5 52BH8B_47688827_47688827 (S2BHBB_47688827_47688827.abl), EF00747849_EF00747843% (EF007...

CgA-GLuc_.
52BHBB_47...
EF0074784...
EF0074785. ..
EF0074784..
EF0074785..
EF0074785.
EF0074784.

CgA-GLuc_
52BHEB_47...
EF0074784..
EF0074785..
EF0074784. .
EF0074785..
EF0074785.
EF0074784.

CgA-GLuc_
52BHB8_47...
EF0074784..
EF0074785, .
EF0074784..
EF0074785..
EF0074785.
EF0074784.

CgA-GLuc_
S2BHBB_47...
EF0074784..
EF0074785. .
EF0074784. .
EF0074785..
EF0074785.
EF0074784.

2857 2938

.. tctecttggegecttggagagegaggtettggagetecttcagtaaattetgatgtetecagaatggaaaggatecgtteate

.. TCTCCTTGGCGCCTTGGAGAGCGAGGTCTTGGAGCTCCTTCAGTARATTCTGATGTCTCAGAATGGARAGGATCCGTTCATC
.+ TCTCCTTGGCGCCTTGGAGAGCGAGGTCTTGGAGCTCCTTCAGTAAATTCTGATGTCTCAGAATGGAAAGGATCCGTTCATC

2939 3020

... tcctcggagtgtctcaaaacattcctggetgacaggeatggggetgggettggaaagtgtgtcggagatgacctcaacgatyg

.. TCCTCGGAGTGTCTCAAAACATTCCTGGCTGACAGGCATGGGGCTGGGCTTGGAAAGTGTGTCGGAGATGACCTCAACGATG
.. TCCTCGGAGTGTCTCAAAACATTCCTGGCTGACAGGCATGGGGCTGGGCTTGGAAAGTGTGTCGGAGATGACCTCAACGATG

3021 3102

... catttcatcacctcggtatcccctttattcatagggetgttcacagggagegeagtgacttgoccggcgcagagcagaagag

.. CATTTCATCACCTCGGTATCCCCTTTATTCATAGGGCTGTTCACAGGGAGCGCAGTGACTTGCCCGGCGCAGAGCAGAAGAG
.. CATTTCATCACCTCGGTATCCCCTTTATTCATAGGGCTGTTCACAGGGAGCGCAGTGACTTGCCCGGCGCAGAGCAGAAGAG

3103 3136

... ccaggacagcggcggagcgcatggtgTTAATTAA

.. CCAGGACAGCGGCGGAGCGCATGGTGITAATTAA
.. CCAGGACAGCGGCGGAGCGCATGGTGTTAATTAA

Figure 118: Sanger sequencing alignments for donor plasmid with Ef1-HTLV promoter and CgA-GLuc. Any mismatched bases

are indicated in red (5 pages).

6.4.8 Donor plasmid with Ef1-HTLYV promoter and Sgll-GLuc

Sanger sequencing alignment for Sgll-GLuc in Ef1-HTLV promoter plasmid.

EF0074785: Plasmid 1, forward sequencing run; EF0074784: Plasmid 3, forward sequencing

run; 52BH87: Plasmid 1, forward sequencing run, part 2; EF0074784 2: Plasmid 3, forward
sequencing run, part 2; 52BH86: Plasmid 1, middle sequencing run; EF0074785_2: Plasmid 3,

middle sequencing run; 52BH85: Plasmid 1, reverse sequencing run; EF0074784_3: Plasmid

3, reverse sequencing run (6 pages).

221

Section 6.4



Page 1 EF00747850_EF00747850 (EF00747850_EF00747850.abl), EF00747846_EF00747846 (EF00747846

- =i Page 2 EF00747850_EF00747850 (EF0Q0747850_EF00747850.abl), EF00747846_EF00747846 (EF00747846_...

800 88l 1210 1291
8gII-GLuc... ctagtcaccaccggcccccttgatettgtecacctggecctggatettgetggecaaaggtegeacagegttgeggecagecac SgII-GLuc... tgccgggcaacttcccgeggtcagcategagatcegtggtegegaagttgetggecacggecacgatgttgaagtettegtt
EFD074785... CTAGTCACCACCGGCCCCCTTGATCTTGTCCACCTGGCCCTGGATCTTGCTGGCARAGGTCGCACAGCGT TGCGGCAGCCAL EF0074785. .. TGCCGGGCAACTTCCCGCGGTCAGCATCGAGATCORBGCEEEEAGECATE ———————

EF0074784... CTAGTCACCACCGGCCCCCTTGATCTTGTCCACCTGGCCCTGGATCTTGCTGGCAAAGGTCGCACAGCGTTGCGGCAGCCAC EF0074784. .. TGCCGGGCAACTTCCCGCGGTCAGCATCGAGATCCGEITETARTETIGEEC I
S2BHBT_47... ~CCTGGATCTIGCTGGCAAAGGTCGCACAGCETTGCGECAGCCAL 52BH87_47... TGCCGGGCAACTTCCCGCGGTCAGCATCGAGATCCGTGGTCGCGAAGTTGCTGGCCACGGCCACGATGTTGARGTCTTCGTT
EF0074784... —---—-——————— oo CCTGGATCTTGCTGGCAAAGGTCGCACAGCGT TGCGGCAGCCAC EF0074784... TGCCGGGCAACTTCCCGCGGTCAGCATCGAGATCCGTGGTCGCGAAGTTGCTGGCCACGGCCACGATGTTGAAGTCTTCGTT
S2BHB6_47.. . —=—=m = e 52BH86_47... ———-

EEOQ7478S. . —r——rr——— e e e EF0074785.., ———

52BHB5_47., ., —————mm 52BHB5_47,..

EF0074784. .. ==m=m o e e e e e e e e e e e e e e e EF0074784. ..

882 963 1292 1373
Sgll-GLuc... ttcttgagecaggtcagaacactgcacgttggcaageccttitgaggeagecagttgtgeagtecacacacagategacetgty 8gII-GLuc... gttctecggtgggettcatcatattttecattgetetettagecaatatgetecetteccttttetgecttttettgattgagy
EF0074785... TTCTTGAGCAGGTCAGAACACTGCACGTTGGCAAGCCCTTTGAGGCAGCCAGTTGTGCAGTCCACACACAGATCGACCTGTG EF0074785... ————

EF0074784... TTCTTGAGCAGGTCAGAACACTGCACGTTGGCAAGCCCTTTGAGGCAGCCAGTTGTGCAGTCCACACACAGATCGACCTGTG EF0074784... ————

52BHB7_47... TTCTTGAGCAGGTCAGARCACTGCACGTTGGCAAGCCCTTTGAGGCAGCCAGTTGTGCAGTCCACACACAGATCGACCTGTIG 52BH87_47... GTTCTCGGTGGGCTTCATCATATTTTCCATTGCTCTCTTAGCAATATGCTCCCTTCCCTTTTCTGCCTTTTCT TGETTGAGE
EF0074784... TTCTTGAGCAGGTCAGAACACTGCACGTTGGCAAGCCCTTTGAGGCAGCCAGTTGTGCAGTCCACACACAGATCGACCTIGTG EF0074784... GTTCTCGGTGGGCTTCATCATATTTTCCATTGCTCTCTTAGCAATATGCTCCCTTCCCTTTTCTGCCTTTTCTTGEBTTGAGS
52BHB6_47... e 52BH86_47... —-——-— ATTGCTCTCTTAGCAATATGCTCCCTTCCCTTTTCTGCCTTTTCTTGBTTGAGG
EF0074785. 44 === e o o e e e EF0074785.. . ATTGCTCTCTTAGCAATATGCTCCCTTCCCTTTTCTGCCTTTTCTTGBTTGAGG
o i 52BHB5_47.,., ——--———-—-

EF0074784. .. —=======—— oo m——m e EFO0T 478, . m o oo m o o e

964 1045 1374 1455
Sgll-GLuc... cgatgaactgctccatgggctccaagtecttgaacccaggaatcteaggaatgtegacgategectegectatgecgeectg SgII-GLuc... tattccagcactttcattaacagatcttcatecccagtactgectatttggggtatcatcattettegggggecccacaggga
EF0074785... CGATGAACTGCTCCATGGGCTCCAAGTCCTTGAACCCAGGAATCTCAGGAATGTCGACGATCGCCTCGCCTATGCCGCCCTG EF0074785... ————
EF0074784... CGATGAACTGCTCCATGGGCTCCAAGTCCTTGAACCCAGGAATCTCAGGAATGTCGACGATCGCCTCGCCTATGCCGCCCTG EFQ074784... ————
S2BHBT_47... CGATGAACTGCTCCATGGGCTCCARGTCCTTGARCCCAGGAATCTCAGGAATGTCCACGATCGCCTCGCCTATGCCECCCTE 52BH87_47... TATTCCAGCACTTTCATTAACAGATCTTCATCCCAGTACTGCCTATITGGGGTATCATCATTCTTICGGGGGCCCCACAGGGA
EF0074784... CGATGAACTGCTCCATGGGCTCCAAGTCCTTGAACCCAGGAATCTCAGGAATGTCGACGATCGCCTCGCCTATGCCGCCCTG EF0074784,.., TATTCCAGCACTTTCATTAACAGATCTTCATCCCAGTACTGCCTATTTGGGGTATCATCATTCTTCGGGGGCCCCACAGGGA
52BHB6_47... 52BH86_47... TATTCCAGCACTTTCATTAACAGATCTTCATCCCAGTACTGCCTATTTGGGGTATCATCATTCTTCGGGGGCCCCACAGGGA
EF0074785... EF0074785... TATTCCAGCACTTTCATTAACAGATCTTCATCCCAGTACTGCCTATTTGGGGTATCATCATTCTTCGGGGGCCCCACAGGGA
52BHB5_47... 52BHB5_47... ——-
EF0074784... EF0074784... ——-

1046 1127 1456 1537
SgIl-GLuc... tgcggactctttgtcgocttegtaggtgtggocagegtcctgggatgaacticticatettgggegtgocacttgatgtgggac SgII-GLuc... accttttgctcaccggggccagettagtcagtctoctgagagetgocttgattcaaatgetetttgatggectgetcaatttyg
EF0074785... TGCGGACTCTTTGTCGCCTTCGTAGGTGTGGCAGCGTCCTGGGATGARCTTCTTCATCTTGGGCGTGCACTTGATGTGGGAC EF0074785.., =—===—=—— e e e e e e e e —————————————————
EF0074784... TGCGGACTCTTTGTCGCCTTCGTAGGTGTGGCAGCGTCCTGGGATGAACTTCTTCATCTTGGGCGTGCACTTGATGTGGGAC EF0074784..., —-——===———=
52BHB7_47... TGCGGACTCTTTGTCGCCTTCGTAGGTGTGGCAGCGTCCTGGGATGARCTTCTTCATCTTGGGCGTGCACTTGATGTGGGAC 52BH87_47... ACCTTTTGCTCACCGGGGCCAGCTTGTCAGTCTCCTGAGAGCTGCCTTGATTCAAATGCTCTTTGATGGCCTGCTCAATTTG
EF0074784... TGCGGACTCTTTGTCGCCTTCGTAGGTGTGGCAGCGTCCTGGGATGAACTTCTTCATCTTGGGCGTGCACTTGATGTGGGAC EF0074784... ACCTTTTGCTCACCGGGGCCAGCTTGTCAGTCTCCTGAGAGCTGCCTTGATTCAAATGCTCTTTGATGGCCTGCTCAATTITG
52BHB6_47... 52BH86_47... ACCTTITTGCTCACCGGGGCCAGCTTGTCAGTCTCCTGAGAGCTGCCTTGATTCAARATGCTCTTTGATGGCCTGCTCAATTTG
EF0074785... EF0074785... ACCTTTTGCTCACCGGGGCCAGCTTGTCAGTCTCCTGAGAGCTGCCTTGATTCARATGCTCTTTGATGGCCTGCTCRAATTTG
52BHB5_47... 52BH85_47... ——~—
EF0074784... EF0074784... ——-

1128 1209 1538 1619
SgII-GLuc... aggcagatcagacagccecctggtgcagecagetttecgggeattggettecatectetttgagecacctecageggeagettet 8gII-GLuc... ttcctcttcctgcaggtcatcttcagatgagecttgaccaggaactcgettcacttggtttgaattaatgatctcagggtat
EF0074785... AGGCAGATCAGACAGCCCCTGGTGCAGCCAGCTTTCCGGGCATTGGCTTCCATCTCTTTGAGCACCTCCAGCGGCAGCTTCT 2 L B B
EF0074784... AGGCAGATCAGACAGCCCCTGGTGCAGCCAGCTTTCCGGGCATTGGCTTCCATCTCTTTGAGCACCTCCAGCGGCAGCTTCT EF 07T B, . — o o
52BHB7_47... AGGCAGATCAGACAGCCCCTGGTGCAGCCAGCTTTCCGGGCATTGGCTTCCATCTCTTTGAGCACCTCCAGCGGCAGCTTCT 52BH87_47... TTCCTCTTCCTGCAGGTCATCTTCAGATGAGCCTTGACCAGGAACTCGCTTCACTTGGTTTGAATTAATGATCTCAGGGTAT
EF0074784... AGGCAGATCAGACAGCCCCTGGTGCAGCCAGCTTTCCGGGCATTGGCTTCCATCTCTTTGAGCACCTCCAGCGGCAGCTTCT EF0074784... TTCCTICTTCCT
52BHB6_47... 52BHB6_47... TTCCTCTTCCTGCAGGTCATCTTCAGATGAGCCTTGACCAGGAACTCGCTTCACTTGGTTTGARTTAATGATCTCAGGGTAT
EF0074785. .. ——--—-———mmm oo EF0074785... TTCCTCTTCCTGCAGGTCATCTTCAGATGAGCCTIGACCAGGAACTCGCTTCACTTGGTTTGAATTAATGATCTCAGGGTAT
52BHBS_47... ——--—-m oo S2BHBS 47 ... —— e e
EF Q074784 . .. —m oo oo oo oo EF0074784... —-—————————
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Page 3 EF00747850_EF00747850 (EF00747850_EF00747850.abl), EF00747846_EF00747846 (EF00747846_...

1620 1701
SgII-GLuc... ttaactagcatcctggccaagtactcacctaattcttgatcecttgtegttcaggttttcatatgecatectgtetgttttcaa
BF00T74785. .. = e e e e e e e e e e e e e e e e e e e e
EF0074784...
52BHB7_47 TTAACTAGCATCCTGGCCAAGTACTCACCTAATTCTTGATCCTITGTCGTTCAGGTTTTCATATGCCATCTGTCTGTTITCAA
EFO0T4784 ., . — oo e e e
52BHEB6_47 TTAACTAGCATCCTGGCCAAGTACTCACCTAATTCTTGATCCTTGTCGTTCAGGT TTTCATATGCCATCTGTCTGTTTTCAA
EF0074785 TTAARCTAGCATCCTGGCCAAGTACTCACCTAATTCTTGATCCTTGTCGTTCAGGT TTTCATATGCCATCTGTCTGTTTTCAA
52BHBS _47... —mm e e
EF0074784..

1702 1783
SgIlI-GLuc... catgtggaatccaggcagctttgggaagctggttcegatctagatctteocagecaccataagggagecttggecagaactttete
EF0074785...
o0 L
52BH87_47 CATGTGGAATCCAGGCAGCTTTGGGAAGCTGGTTCGATCTAGATCTTCCAGCACCATAAGGGAGCCTTGGCAGAACTTITCTC
EF 0074784, . — oo oo e e e
52BHEB6_47 CATGTGGAATCCAGGCAGCTTTGGGAAGCTGGTTCGATCTAGATCTTCCAGCACCATAAGGGAGCCTTGGCAGAACTTTCTC
EF0074785 CATGTGGAATCCAGGCAGCTTTGGGAAGCTGGTTCGATCTAGATCTTCCAGCACCATAAGGGAGCCTTGGCAGAACTTTCTC
52BHBS _47... ——— o
EF0074784

1784 1865
SgIlI-GLuc... ctggttatatggattgggaaaatacgacgttttctgatttgetgcactcteocatcecctaaaagatttaaaatatcecctcaaca
EF0074785
EEO07AT8a . .. —m -
52BH87_47 CTGGTTATATGGATTGGGAAAATACGACGTTTTCTGATTTGCTGCACTCTCCATCCCTAAAAGATTTAAAATATCCTCAACA
EFO0TAT8a ., .\ e e e e e e e e e e e
52BH86_47 CTGGTTATATGGATTGGGAARATACGACGTTTTCTGATTTGCTGCACTCTCCATCCCTARAAGATTTAAAATATCCTCARACA
EF0074785... CTGGTTATATGGATTGGGAAAATACGACGTTITICTGATTTGCTGCACTCTCCATCCCTARARGATTTAAAATATCCTCAACA
52BH85_47
EF0074784

1866 1947
SgII-GLuc... ctgagcccgtctggtagggectcagtceccagcacgaccaggtgttttagggtagecactettggagagecatectattttgga
EF0074785
EFO0T4784, ., == e e e e e e e e e e e e e e e e e e e e e e e e e e e e
52BH87_47 CTGAGCCCGTCTGGTAGGGCCTCAGTCCCAGCACGACCAGGTGTTTTAGGGTAGCCACTCTTGGAGAGCATCCTATTTTGGA
EFQ074T84 ... == e e e e e e e e e e e e e e e e e e e e
52BHB86_47 CTGAGCCCGTCTGGTAGGGCCTCAGTCCCAGCACGACCAGGTGTITTAGGGTAGCCACTCTIGGAGAGCATCCTATTTTGGA
EF0074785., .. CTGAGCCCGT == = o o o o o o e e e

52BH85_47
EF0074784

1948 2029
SglI-GLuc... acaggtctggatggtctaagtcagcctetgagatgtcatctaggtecaacaggaaggtecaagetceccgeteeggttecactga
EF0074785...
EFO0 74784, ., =——— e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
S52BH87_47 ACAGGTCTGGATGGTCTAAGTCAGCCTCTGA-
EFO0T74784 ... ———— e e e e e
52BH86_47 ACAGGTCTGGATGGTCTAAGTCAGCCTCTGAGATGTCATCTAGGTCAACAGGAAGGTCAAGCTCCCGCTCCGGTTCCACTGA
EF00T74785, ., === e e e e e e e e e e e e e e e e e e
S2BH85_47

EF0074784. . .

Page 4 EF00747850_EF00747850 (EF00747850_EF00747850.al

» EF00747846_EF00747846 (EF00747846_...

2030 2111
SgIlI-GLuc. tccattcggecttcteccccagttttgagecatctcaattaagtcttctgggggtatctgtaaatteccttgagatttcaatcage
EF0074785...
EFQ074784, , , =—— e e e e e e
52BHBT7_47.., ————————— e e e e
EF0074784.
52BH86_47...
EF0074785...
52BH8B5_47.
EF0074784.

TCCATTCGGCTTCTCCCCAGTTTTIGAGCATCTCAATTAAGTCTTCTGGGGGTATCTGTAAATTCCTTGAGATTTCAATCAGC

2112 2193
8gII-GLuc... tgataaatagactgagaatcaagaggtttctcaaaaagcctggtggcectttceccattttgeceattetgtaaccteccac
EF0074785, ., ———— oo e
EF0074784.
S52BHB7_47.
EF0074784.
52BHB6_47...
EFO074785, ., == e e e e e e e e e e e e e
52BH85_47.
EF0074784.

2194 2275
ttcctgcagcatttactaaccttttcaaataggcaattactttggagacatcatctgagagttggtctttactetettteeg

S5gII-GLuc.
EF0074785.
EF0074784.
S2BHBT_47.
EF0074784...
52BHB6_47... TTCCTGCAGCATTTACTAACCTTTTCAAATAGGCAATTACTTTGGAGACATCATCTGAGAGTTGGTCTTTACTCTCTTTCCG
EF0074785.
52BH85_47.
EF0074784.

TTCCTGCAGCATTTACTAACCTTTTCAAATAGGCAATTACTTTGGAGACATCATCTGAGAGTTGGTCTTTACTCTCTTTCCG

2276 2357
S5gII-GLuc... aagatcttcttcctggatgccaagctgeocctgagecgtttcatctcatcgttgatttgttcattttttectatattectetttg
EF0074785.
EF0074784...
52BHB7_47...
EF0074784...
52BHB86_47... AAGATCITCTTCCTGGATGCCAAGCTGCCCTGAGCGTTICATCTCATCGTTGATTTGITCATTTTTTCCTATATICTCTTTG
EF0074785.
52BHB5_47.
EF0074784.

AAGATCTTCTTCCTGGATGCCAAGCTGCCCTGAGCGTTTCATCTCATCGTTGATTTGTTCATTITTITTCCTATATICTCTTIG

2358 2439
S5gIlI-GLuc... ctgtctctcacctecttecctgggtttgactctectattttctectectactgggtteccagtecticteccccecgaccacatecttcat
EF0074785...
EF0074784.
52BHB7_47.
EF0074784.
52BH86_47.
EF0074785.
52BH85_47... CIGTCTCTCACCTCTTCCTGGGTTTGACTCTCTATTTTCTCCTCTACTGGGTTCCAGTCTTCTCCCCCGACCACATCTTCAT
EF0074784...
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Page 5 EF00747850_EF00747850 (EF00747850_EF00747850.abl), EF00747846_EF00747846 (EF00747846_...

2440 2521
SgII-GLuc... aggcaatgttattagccttgtagatatcatcttcatcatccgtataaagtttttgctectcatecatccteteacgtttety
EF0074785 —— -- -- -- -- - - -
EF0074784
52BHB7_47
EF0074784, .. === e e e e e e e e e e e e
52BHBE_47 AGGCAATGTTATTAGCCT TGTAGATATCATCTTCATCATCCGTATAAAGTTTTTGCTCCTCATCCATCCTCTCACGTTTC -~
L T L I ——
52BHB5_47 AGGCAATGTTATTAGCCTTGTAGATATCATCTTCATCATCCGTATAAAGTTTTTGCTCCTCATCCATCCTCTCACGTTTCTG

EF0074784. ..

2522 2603
gttgtttggtectgtcagtttecccagetettggaagacagattecaatgtageaaggetttgaggagtatattgttectee

52BHB5_47
EF0074784

2604 2685
.. actatttcatttgtgcgtttaaaggggttatccctggaattctettcatacataggagggaattgeatgtgettaagettte

_ ACTATTTCATTTGTGCGTTTAAAGGGGT TATCCCTGGAATTCTCTTCATACATAGGAGGGAATTGCATGTGCTTAAGCTTTC
EF0074784... ==———-——mm e TCCCTGGAATTCTCTTCATACATAGGAGGGAATTGCATGTGCTTAAGCTTTIC

2686 2767

SgII-GLuc tttetggecactgetgtgteteataateatcactcatgtecattggaaagttetittctgaattcaaggeatagggettatt

TTTCTGGCCACTGCTGTGTCTCATAATCATCACTCATGTCCATTGGAAAGTTCTTTTCTGAATTCAAGGCATAGGGCTTATT
TITCTGGCCACTGCTGIGTCTCATAARTCATCACTCATGTCCATTGGAARGTTCTTITTCTGAATTCAAGGCATAGGGCTTATT

2768 2849
ttettttggtgcagactgaggcteattttcagectgtetcaaagettegagtattatteteatecagtettetteacteagt

TICTTTTGGTGCAGACTGAGGCTCATTTTCAGCCTGTCTCAAAGCTTCGAGTATTATTCTCATCCAGTCTTICTTCACTCAGT
TTCTTTTGGTGCAGACTGAGGCTCATTTTCAGCCTGTCTCAAAGCTTCGAGTATTATTCTCATCCAGTCTTCTTCACTCAGT

Page 6 EF00747850_EF00747850 (EF00747850_EF00747850.abl), EF00747846_EF00747846 (EF00747846_...

2850 2931
. gaatccctcteogggeaagtggetttcocategecatttteotttttgotgaagggggacagagacaccttggtagggattataat

5gII-GLuc.
EF0074785.
EF0074784.
52BHB7_47.
EF0074784.
52BHBG_47,
EF0074785.
52BHB5_47.
EF0074784..

GAATCCCTCTCGGGCAAGTGGCTTTCATCGCCATTTTCTTTTTGCTGAAGGGGGACAGAGACACCTTGGTAGGGATTATAAT
GAATCCCTCTCGGGCAAGTGGCTTTCATCGCCATTTTCTTTTTGCTGAAGGGGGACAGAGACACCTTGCTAGGGATTATAAT

2932 3013
SgII-GLuc.
EFQ074785.
EF0074784.
52BH87_47.
EF0074784.
52BHB6_47.
EF0074785,
52BHB5_47.
EF0074784.

CTGGGCTGCTTTCTTCCTTATGAGCTIGTTGTCGGAGGTTTICTATGTACTCCARAGCCCTGATCATTTCAGGACTGGGAAR
CTGGGCTGCTTTCTTCCTTATGAGCTTGTTGTCGGAGGTTTTCTATGTACTCCARAGCCCTGATCATTTCAGGACTGGGAAR

3014 3095
5gII-GLuc... cttttggacattttccaacctgaggtctggttctttetgaagcagetggtttcetctgaaatgaagetgcttcagecccagag
EF0074785.
EF0074784.
52BH87_47.
EF0074784.
52BHB6_47.
EF0074785.
52BHB5_47.
EF0074784..

CTTTTGGACATTTTCCAACCTGAGGTCTGGTICTTTCTGAAGCAGCTGGTTTCTCTGAAATGAAGCTGCTTCAGCCCCAGAG
CTTTTGGACATTTTCCAACCTGAGGTCTGGTTCTTTCTGAAGCAGCTGGTTTCTCTGARATGAAGCTGCTTCAGCCCCAGAG

3096 3le4
SgII-GLuc... atgaggaaaattaaagggataagagacagggctgctccaagccagtgggtctttgetteagocatggtg
EF0074785.
EF0074784.
52BHB7_47.
EF0074784.
52BHB6_47.
EF0074785.
52BHB5_47.
EF0074784.

. ATGAGGAARATTAARAGGGATAAGAGACAGGGCTGCTCCAAGCCAGTGGGTCTTTGCTTCAGCCATGGTG
. ATGAGGAAAATTAAAGGGATAAGAGACAGGGCTGCTCCAAGCCAGTGGGTCTTTGCTTCAGCCATGGTG

tched bases

Ismal

ts for donor plasmid with Ef1-HTLV promoter and Sgll-GLuc. Any m

ignmen

ing a

Sanger sequenci

Figure 119

are indicated in red (6 pages)
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6.4.9 Donor plasmid with Ef1-HTLV promoter and VAMP2-GLuc

Sanger sequencing alignment for VAMP2-GLuc in Ef1-HTLV promoter plasmid.
CQA940: Plasmid 1, forward sequencing run; CQA945: Plasmid 1, reverse sequencing run (2

pages).
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Page 1 CQA%40_17689404_17689%9404 (CQA9%40_17689404_17689404.abl), BWT095_12670957_12670957 (BW...

668 749
VAMP2-TEV.,. TTAATTAACcaccATGTCTGCTACCGCTGCCACGGCCCCCCCTECTGCCCCGGCTGRGEAGGETGETCCCCCTGCACCCCCT
CQR940_17... TTAATTAACCACCATGTCIGCTACCGCTGCCACGGCCCCCCCTGCTGCCCCGGCTGGGGAGGGTGGTCCCCCTGCACCCCCT
CORIA5_17. .. === o o e e e CCCGGCTGGGEAGGETGGTCCCCCTGCACCCCCT

750 831
VAMP2-TEV... CCAAACCTCACCAGTAACAGGAGACTGCAGCAGACCCAGGCCCAGGTGGATGAGGTGGTGGACATCATGAGGGTGAACGTGG
CQA940_17... CCAAACCTCACCAGTAACAGGAGACTGCAGCAGACCCAGGCCCAGGTGGATGAGGTGGTGGACATCATGAGGGTGAACGTGG

CQA945_17... CCAAACCTCACCAGTAACAGGAGACTGCAGCAGACCCAGGCCCAGGTGGATGAGGTGETGGACATCATGAGGGTGAACGTGG
832 913
VAMP2-TEV... ACAAGGTCCTGGAGCGAGACCAGAAGCTGTCGGAGCTGGACGACCGTGCAGATGCACTCCAGGCGGGGGCCTCCCAGTTTGA

CQA940_17... ACAAGGTCCTGGAGCGAGACCAGAAGCTGTCGGAGCTGGACGACCGTGCAGATGCACTCCAGGCGGGGGCCTCCCAGTTTGA
CQA945_17... ACAAGGTCCTGGAGCGAGACCAGAAGCTGTCGGAGCTGGACGACCGTGCAGATGCACTCCAGGCGGGGGCCTCCCAGTTTGA

914 985
VAMP2-TEV... AACAAGCGCAGCCAAGCTCAAGCGCAAATACTGGTGGAAARACCTCAAGATGATGATCATCTTGGGAGTGATTTGCGCCATC
CQA940_17... AACAAGCGCAGCCAAGCTCAAGCGCARATACTGGTGGARAMACCTCAAGATGATGATCATCTIGGGAGTGATITGCGCCATC
CQA945_17... AACAAGCGCAGCCAAGCTCAAGCGCAAATACTGGTGGARAAACCTCAAGATGATGATCATCTTGGGAGTGATTTGCGCCATC

996 1077
VAMP2-TEV... ATCCTCATCATCATCATAGTTTACTTCAGCACTGGTACCGCTCTTAAGGARRACTTATATTTTCAAGGAGAATTCatgaage
COA940_17... ATCCTCATCATCATCATAGTTTACTTCAGCACTGGTACCGCTCTTAAGGAARACTTATATTTTCAAGGAGARTTCATGAAGC

CQA945_17... ATCCTCATCATCATCATAGTTTACTTCAGCACTGGTACCGCTCTTARGGARRACTTATATT TTCAAGGAGARTTCATGAAGC

1078 1159
VAMP2-TEV. .. ccaccgagaacaacgaagacttcaacatcgtggcogtggocagcaacttogogaccacggatctogatgetgacecgegggaa
CQA940_17... CCACCGAGAACRACGAAGACTTCAACATCGTGGCCGTGGCCAGCAACTTCGCGACCACGGATCTCGATGCTGACCGCGGGA-
CQA945_17... CCACCGAGAACRACGARGACTTCAACATCGTGGCCGTGGCCAGCARCTTCGCGACCACGGATCTCGATGCTGACCGCGGGAR

1160 1241
VAMP2-TEV... gttgcccggcaagaagctgccgctggaggtgectcaaagagat aatgcc tggctgca ggggctgt
COA940_17...

CQA945_17... GTTGCCCGGCAAGAAGCTGCCGCTGGAGGTGCTCARAGAGATGGARGCCARTGCCCGGARAGCTGGCTGCACCAGGGGCTGT

1242 1323
VAMP2-TEV... ctgatctgcctgtcccacatcaagtgcacgcccaagatgaagaagttcatcccaggacgetgecacacctacgaaggegaca
CQA940_17...
COA945_17... CTGATCIGCCTGTCCCACATCAAGTGCACGCCCAAGATGAAGAAGTTCATCCCAGGACGCTGCCACACCTACGAAGGCGACA

1324 1405
VAMP2-TEV... aagagtccgcacagggcggcataggcgaggcgatcgtcegacattectgagattectgggttcaaggacttggageccatgga
CQA940_17...
COA945_17... ARGAGTCCGCACAGGGCGGCATAGGCGAGGCGATCGTCGACATICCTGAGAT TCCTGGGTTCARGGACTTGGAGCCCATGGA

Page 2 CQA940_17689404_17689404 (CQA940_17689404_17689404.abl), BWT095_12670957_12670957 (BW

VAMP2-TEV..
CQA940_17..

CQA%45_17...

VAMPZ2-TEV..
CQA940_17..
CQA945_17..

VAMP2-TEV..
CQA940_17..
CQAS45_17..

1406 1487
geagttecategeacaggtegatetgtgtgtggactgeacaactggetgecteaaagggettgecaacgtgcagtgttetgac

1488 1569

1570 1586
gtggtgactagACTAGT

tched

Ismal

ts for donor plasmid with Ef1-HTLV promoter and VAMP2-GLuc. Any m

ignmen

ing al
bases are indicated in red (2 pages).

Sanger sequenci

Figure 120
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6.4.10 IMR90-4 hPOMC-GL.uc clone 6

Sanger sequencing alignment for IMR90-4 hPOMC-GLuc (6) donor DNA insertion.
Traces corresponding to dark red sequencing arrows depicted in Figure 64 in the Results section
Sanger sequencing of homozygote clones: 52BH19: sequencing range #1, 52BH20: sequencing
range #2, 52BH21: sequencing range #3, 52BH08: sequencing range #4, 52BH62: sequencing
range #5, 52BHO07: sequencing range #6, 52BH61: sequencing range #7, 52BH63: sequencing
range #8, 43EH26: sequencing range #9, 19H198: sequencing range #10 (12 pages).
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Page 1 52BH20_46967022_46967022 (52BH20_46967022_46967022.abl), 52BH21_46967033_46967039 (52.

1 82
F10_seq TTCAGGTTCCGTCTTCCTCCACTCCCTCTTCCCCTTGCTCTCTGCTGTGTTGCTGCCCAAGGATGCTCTTTCCGGAGCACTT
52BH20_46... TTCAGGTTCCGTCTTCCTCCACTCCCTCTITCCCCTTGCTCTCTGCTGTGTTGCTGCCCARGGATGCTCTTTCCGGAGCACTT
52BH21_46... —————————————————————— TCCCICTITCCCCTTGCTCTCTGCTGTGTTGCTGCCCAAGGATGCTCTTTCCGGAGCACTT
52BH19_46... GCTCTTTCCGGAGCACTT
43EH26 (4...
52BHO7_46...
52BH08_46... --
52BH63_47...
52BHG1_47...
19HT98_04. ..
52BH62_47...

83 164
F10_seq CCTTCTCGGCGCTGCACCACGTGATGTCCTCTGAGCGGATCCTCCCCGTGTCTGGGTCCTCTCCEGGCATCTCTCCTCCCTC
52BH20_46... CCTTCTCGGCGCTGCACCACGTGATGTCCTCTGAGCGGATCCTCCCCGTGTCTGEETCCTCTCCGGGCATCTCTCCTCCCTC
52BH21_46... CCTTCTCGGCGCTGCACCACGTGATGTCCTCTGAGCGGATCCTCCCCGTGTCTGGGTCCTCTCCGGGCATCTCTCCTCCCTC
52BH19_46... CCTTCTCGGCGCTGCACCACGTGATGTCCTCTGAGCGGATCCTCCCCGTGTCTGGGTCCTCTCCGGGCATCTCTCCTCOCTC
43EH26 (4...
52BHOT_46... —————-—mmmm e
S2BHOB_6. .. o
52BH63_47...
S2BHE1_AT. .. = m o oo o
19HI98_04...
SZBHBZ 47, ., = m o oo

165 246
F10_seq ACCCAACCCCATGCCGTCTTCACTCGCTGGGTTCCCTTTTCCTTCTCCT TCTGGGGCCTGTGCCATCTCTCGTTTCTTAGGA
52BH20_46 . ACCCAACCCCATGCCGTCTTCACTCGCTGGGTTCCCTTTTCCTTICTCCTTCTGGGGCCTGTGCCATCTCTCGTTTCTTAGGA

52BH21_46... ACCCAACCCCATGCCGTCTTCACTCGCTGGGTTCCCTTTTCCTTCTCCTTCTGGGGCCTGTGCCATCTCTCGTTTCTTAGGA
52BH19_46... ACCCAACCCCATGCCGTCTTCACTCGCTGGGTTCCCTTTTCCTTCTCCTITCTGGGGCCTGTGCCATCTCTCGTTTCTTAGGA
43EH26 (4
52BHO7_46
52BHO8_46
52BH63_47...

247 328
Fl0_seq TGGCCTTCTCCGACGGATGTCTCCCTTGCGTCCCGCCTCCCCTTCTTGTAGGCCTGCATCATCACCGTTTTTCTGGACAACT
52BH20_46... TGGCCTTCTCCGACGGATGTCTCCCTTGCGTCCCGCCTCCCCTTCTTGTAGGCCTGCATCATCACCGTTTTTCTGGACAACT
52BH21_46... TGGCCTITCTCCGACGGATGTCTCCCTTGCGTCCCGCCTCCCCTTCTTGTAGGCCTGCATCATCACCGTTTTTCTGGACAACT
52BH19_46... TGGCCTTCTCCGACGGATGTCTCCCTTGCGTCCCGCCTCCCCTTCTTGTAGGCCTGCATCATCACCGTTTTTCTGGACAACT
43EH26 (4...
52BHO7_46. ..
52BHO8_46. ..
B2BHB3 47, .. oo e
52BH61_47...
19HIO8 04, ., — oo oo e e o
52BH62_47...

Page 2 52BH20_46967022_46967022 (52BH20_46967022_46967022.abl), 52BH21_46967033_46967039 (52.

329 410
F10_seqg CCAAAGTACCCCGTCTCCCTGGCTTTAGCCACCTCTCCATCCTCTTGCTTTCTTTGCCTGGACACCCCGTTCTCCTGTGGAT
52BH20_46... CCARAGTACCCCGTCTCCCTGGCTTTAGCCACCTCTCCATCCTCTTGCTTTCTTTGCCTGGACACCCCGTTCTCCTGTGGAT
52BH21_46... CCAAAGTACCCCGTCTCCCTGGCTTTAGCCACCTCTCCATCCTCTTGCTTTCTTTGCCTGGACACCCCGTTCTCCTGTGGAT
52BH19_46... CCAAAGTACCCCGTCTCCCTGGCTTTAGCCACCTCTCCATCCTCTTGCTTTCTTTGCCTGGACACCCCGTTCTCCTGTGGAT
43EHZ6 (4... -
52BHO7_46...
52BH08_46... -
52BH63_47... -
52BH61_47... -
19HI98_04... -
52BH62_47... -

411 492
F10_seg TCGGGTCACCTCTCACTCCTTTCATTTGGGCAGCTCCCCTACCCCCCTTACCTCTCTAGTCTGTGCTAGCTCTTCCAGCCCC
52BH20_46... TCGGGTCACCTCTCACTCCTTTCATTIGGGCAGCTCCCCTACCCCCCTTACCTCTCTAGTCTETGCTAGCTCTTCCAGCCCE
52BH21_46... TCGGGTCACCTCTCACTCCTTTCATTTGGGCAGCTCCCCTACCCCCCTTACCTCTCTAGTCTGTGCTAGCTCTTCCAGCCCC
52BH19_46... TCGGGTCACCTCTCACTCCTTTCATTTGGGCAGCTCCCCTACCCCCCTTACCTCTCTAGTCTGTGCTAGCTCTTCCAGCCCC
43EH26 (4... -
52BHO7_46... ————————mmmmmm

B2BHOB_A6. . . = m e o
52BH63_47... -
B2BHEL_A7T. .. = m e o
19HISB_D4... -
S2BHBZ_ 7. .0 = mmm e e o

493 574
F10_seq CTGTCATGGCATCTTCCAGGGGTCCGAGAGCTCAGCTAGTCTICTTCCTCCAACCCGGGCCCCTATGTCCACTTCAGGACAG
52BH20_46... CTGTCATGGC
52BH21_46... CTIGTCATGGCATCTTCCAGGGGTCCGAGAGCTCAGCTAGTCTTCTTCCTCCAACCCGGGCCCCTATGTCCACTTCAGGACAG
52BH19_46... CTGTCATGGCATCTTCCAGGGGTCCGAGAGCTCAGCTAGTCTTCTTCCTCCAACCCGGGCCCCTATGTCCACTTCAGGACAG
43EH26 (4...
52BHO7_46... ==————— e e e
52BHOB_46...
52BH63_47... -
52BH61_47... -
19HI%B_04... -
52BH62_47... -

575 656
Fl0_seq CATGTTTGCTGCCTCCAGGGATCCTGTGTCCCCGAGCTGGGACCACCTTATATTCCCAGGGCCGGTTAATGTGGCTCTGGTT
52BH20_46... -

52BH21_46... CATGTTTGCTGCCTCCAGGGATCCTGTGTCCCCGAGCTGGGACCACCTTATATTCCCAGGGCCGGTTARTGTGGCTCTGGTT
52BH19_46... CATGTTTGCTGCCTCCAGGGATCCTGTGTCCCCGAGCTGGGACCACCTTATATTCCCAGGECCGGTTARTGTGGCTCTGETT
43EH26 (4... -
S2BHO7_46...
52BHOB_46... —
B2BHEI_A7. .. =mmmmm e e e e e e e e e e e
52BH61_47... -
L9HIOB D4, .. —=m == m e m oo
52BH62_47... -
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Page 3 52BH20_46967022_46967022 (52BH20_46967022_46967022.abl), 52BH21_46967039_469267039 (52...

F10_seq

52BH20_46.
52BH21_46.
52BH19_46.
43EH26 (4.
52BHO7_46.

52BHOB_46..

52BH63_47.
52BH61_47.
19HI98_04.
52BH62_47.

F10_seq

52BH20_46.
52BH21_46.
52BH19_46.
43EH26 (4.
52BH0O7_46.
52BH0OB_46.
52BH63_47.
52BH61_47.
19HI98_04.
52BH62_47.

F10_seq

52BH20_46.
52BH21_46.
52BH19_46.
43EH2E (4.
52BHO7_46.
52BHO8_46.
52BH63_47.
52BH61_47.
19HI98_04.
52BH62_47.

657 738
CTGGGTACTTTTATCTGTCCCCTCCACCCCACAGTGGGGCAAGCTTCTGACCTCTTCTCTTCCTCCCACAGGGCCTCGAGAG
CTGGGTACTTTTATCTGTCCCCTCCACCCCACAGTGGGGCAAGCTTCTGACCTCTTCTCTTCCTCCCACAGGGCCTCGAGAG
CTGGGTACTTTTATCTGTCCCCTCCACCCCACAGTGGGGCAAGCTTCTGACCTCTTCTCTTCCTCCCACAGGGCCTCGAGAG

739 820
ATCTGGCAGCCGGAGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGAATCCCGGCCCTAGGCTCGAGATGACC

ATCTGGCAGCGGAGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGAATCCCGGCCCTAGGCTCGAGATGACC
ATCTGGCAGCGGAGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGAATCCCGGCCCTAGGCTCGAGATGACC

821 202
GAGTACAAGCCCACGGTGCGCCTCGCCACCCGCGACGACGTCCCCAGGGCCGTACGCACCCTCGCCGCCGCGTTCGCCGACT
GAGTACAAGCCCACGGTGCGCCTCGCCACCCGCGACGACGTCCCCAGGGCCGTACGCACCCTCGCCGCCGCGTTCGCCGACT
GAGTACAAGCCCACGGTGCGCCTCGCCACCCGCGACGACGTCCCCAGGGCCGTACGCACCCTCGCCGCCGCGTTCGCCGACT

F10_seq

52BH20_46.
52BHZ1_46.
52BH19_46.
43EH26 (4.
52BHO7_46.
52BHOB_46.
52BH63_47.

52BH61_47..

19HT98_04.
52BH62_47.

903 984
ACCCCGCCACGCGCCACACCGTCGATCCGGACCGCCACATCGAGCGGGTCACCGAGCTGCAAGAACTCTTCCTCACGCGEGT
ACCCCECCACGLGLCAC === === == = o e
ACCCCGCCACGCGCCACACCGTCGATCCGGACCGCC-

Page 4 52BH20_46967022_46967022 (52BH20_46967022_46967022.abl), 52BH21_46967039_46967039 (52...

985 1066
F10_seq CGGGCTCGACATCGGCAAGGTGTEGETCGCEGACGACGGECECCGCGGTGECGETCTGGACCACGCCGEAGAGCGTCGAAGCE
52BH20_46
52BH21_46
52BH19_46
43EH26 (4
52BHO7_46
52BHO8_46
52BHE3_47
52BH61_47
19HIO8 04, ., —————m— oo o e e
52BH62_47...

1067 1148
F10_seq GGGGCGGTGTTCGCCGAGATCGGCCCGCGCATGGCCGAGTTGAGCGGTTCCCGGCTGGCCGCGCAGCARCAGATGGAAGGCT
52BH20_46
52BH21_46
52BH19_46
43EH26 (4

52BHOB_46
52BH63_47
52BH61_47
19HI98_04
52BH62_47

1149 1230
F10_seq TCCTGGCGCCGCACCGGCCCAAGGAGCCCGEGTGGTTCCTGGCCACCETCGECGTCTCGCCCGACCACCAGGGCARGGETCT
52BH20_46
52BH21_46
52BH15_46
43EH26 (4
52BH07_46
S2BHOB_46
52BH63_47
52BHE1_47
19HI98_04...
S2BHBZ_ A7, . = mm o o e

1231 1312
F1l0_seq GGGCAGCGCCGTCGTGCTCCCCGGAGTGGAGGCGGCCGAGCGCGCCGEGGTGCCCGCCTTCCTGGAGACCTCCGCGCCCCGT
52BH20_46
52BH21_46
52BH19_46
43EH26 (4
52BHO7_46... ---- ==
52BH08_46
52BH63_47
52BHE1_47
19HI98_04
S52BH62_47...

229

Section 6.4



Page 5 52BH20_46967022_46967022 (52BH20_46967022_46967022.abl), 52BH21_46967039_46967039 (52...

1313 1394
F1l0_seg AACCTCCCCTTCTACGAGCGGCTCGGCTTCACCGTCACCGCCGACGTCGAGGTGCCCGARGGACCGCGCACCTGGTGCATGA
52BH20_46... e -
52BH21_46...
52BH19_46...
43EH26 (4.. e e ——=
52BHO7_46...
S52BHOB_46...
52BHE3_47...
52BHE1_47... -
19HI98_04... -
52BH62_47...

1395 1476
Fl0_seqg CCCGCAAGCCCGGTGCCTGATCTAGAGGGCCCGTTTARACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATC
52BH20 46, , . ———mm e e e
52BH21_46...
52BH19_46...
43EH26 (4...
52BHO7_46... - -—
52BHOB_46... -—
52BHE3_47...
52BH61_47, .. - ——
19HI98_04...
52BH62_47...

1477 1558
F10_seq TGTTGTTTGCCCCTCCCCCGTGCCT TCCTTGACCCTGGARGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATT
S2BHZ0_46. ., ——mm—mmmmm e e e e
52BH21_46...
52BH19_46...
43EH26 (4... -—
52BHO7_46. ..
52BHO8_46...
52BH63_47...
B2BHE1_A7 ... —mm e o oo
19HI98_04. ..
52BH62_47...

1559 1640
GCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCARGGGGGAGGATTGGGARAGACA

F10_seg

52BH20_46...
52BH21_46...
52BH19_46...
43EH26 (4...
52BHO7_46...
52BHOB_46. ..
52BHE3_47...
B2BHE] _47. .. === e e e
19HI9B_04... -—
52BHE62_47...

Page 6 52BH20_46967022_46967022 (52BH20_46967022_46267022.abl}, 52BH21_46967039_46967039 (52...

F10_seq
52BH20_46..
52BH21_46.
52BH19_46.
43EH26 (4.
52BHO7_46.
52BHOB_46.
52BH63_47.
52BH61_47.
19HI9B_04.
52BH62_47.

1641 1722
ATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGACTAGTctagtcaccaccggecccecttgatecttgteccacctggece

ATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGACTAGTCTAGTCACCACCGGCCCCCTTGATCTTGTCCACCTGGCCC

F10_seq
52BH20_46..
52BH21_46.
52BH19_46.
43EH26 (4.
52BHO7_46.
52BHOB_46.
52BH63_47.
52BH61_47.
19HI9B_04.
52BH62_47.

F10_seqg

52BH20_46.
52BH21_46.
52BH19_46.
43EH26 (4.
52BHO7_46.
52BHOB_46.
52BH63_47.
S52BH61_47.
19HI®8_04.
52BH62_47.

F10_seq

52BH20_46.
52BH21_46.
52BH19_46.
43EH2E (4.
52BHO7_46.
52BHOB_46.
52BH63_47.
52BH61_47.
19HI98_04.
52BH62_47..

1723 1804
tggatcttgctggcaaaggtcgcacagecgttgeggecagecacttcttgagecaggtcagaacactgecacgttggecaageectt

TGGATCTTGCTGGCARAGGTCGCACAGCGTTGCGGCAGCCACTTCTTGAGCAGGTCAGAACACTGCACGTTGGCAAGCCCTT
||||||||||||| CARAGGTCGCACAGCGTTGCGGCAGCCACT TCTTGAGCAGGTCAGARCACTGCACGTTGGCAAGCCCTT

1805 1886
tgaggcagccagttgtgcagtccacacacagatcgacctgtgecgatgaactgecteccatgggetceccaagtecttgaacccagg

TGAGGCAGCCAGTTGTGCAGTCCACACACAGATCGACCTGTGCGATGAACTGCTCCATGGGCTCCAAGTCCTTGAACCCAGE
TGAGGCAGCCAGTTGTGCAGTCCACACACAGATCGACCTGIGCGATGAACTGCTCCATGGGCTCCAAGTCCTTGAACCCAGG

1887 1968
aatctcaggaatgtcgacgatcgoctcgectatgecgecctgtgeggactetttgtegecttegtaggtgtggocagegtect

AATCTCAGGAATGTCGACGATCGCCTCGCCTATGCCGCCCTIGTGCGGACTCTTTGTCGCCTTCGTAGGTGTGGCAGCGTCCT
AATCTCAGGAATGTCGACGATCGCCTCGCCTATGCCGCCCTGTGCGGACTCTTTGTCGCCTTCGTAGGTGTGGCAGCGTCCT
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F10_seq

52BH20_46.
52BH21_46.
5ZBH19_46.
43EH26 (4.
52BH07_46.
5ZBH08_46.
52BH63_47.
52BH61_47.
19HI98_04.
52BH62_47.

1969 2050
gggatgaacttcttcatcttgggocgtgcacttgatgtgggacaggcagatcagacageccectggtgocageccagetttceggg

GGGATGAACTTCTTCATCTTGGGCGTGCACTTGATGTGGGACAGGCAGATCAGACAGCCCCTGGTGCAGCCAGCTTTCCGGG
GGGATGAACTTCTTCATCTTGGGCGTGCACTTGATGTGGGACAGGCAGATCAGACAGCCCCTGGTGCAGCCAGCTTTCCGGG
TTTCCGGG

F10_seq

52BH20_46.
52ZBHZ21_46.
52BH19_46.
43EH26 (4.
52BH07_46.
52BHD8_46.
52BH63_47.
52BH61_47.
19HI98_04.
52BH62_47.

F10_seq

52BH20_46.
5ZBH21_46.
52BH19_46.
43EH26 (4.
52BH0O7_46.
52BH08_46.
52BH63_47.
52BH61_47.
19HI98_04.
52BH62_47.

2051 2132
cattggcttccatctetttgagecaccteccageggeagettecttgecgggecaacttecccgeggtcagecatecgagatecegtggt

CATTGGCTTCCATCTCTTTGAGCACCTCCAGCGGCAGCTTCTTGCCGGGCAACTTCCCGCGGTCAGCATCGAGATCCGTGGT
CATTGGCTTCCATCTCTTTGAGCACCTCCAGCGGCAGCTICTTGCCGGGCAACTTICCCGCGGTCAGCATCGAGATCCGTGGT
CATTGGCTTCCATCTCTTTGAGCACCTCCAGCGGCAGCTICTTGCCGGGCAACTTCCCGCGGTCAGCATCGAGATCCGTGGT

2133
cgcgaagttgctggecacggecacgatgttgaagtettegttgttectecggtgggettecatgeccacgecactteccatggaggee

2214

CGCGAAGTTGCTGGCCACGGCCACGATGT TGAAGTCTTCGTTGITCTCGGTGGGCTTCATGCCACGCACTTCCATGGAGGCC
CGCGAAGTTGCTGGCCACGGCCACGATGT TGAAGTCTTCGTTGT TCTCGGTGGGCTTCATGCCACGCACTTCCATGGAGGCC
CGCGAAGTTGCTGGCCACGGCCACGATGT TGAAGTCTTCGTTGT TCTCGGTGGGCTTCATGCCACGCACTTCCATGGAGGCC

F10_seq

52BH20_46.
52BH21_46.
5ZBH19_46.
43EH26 (4.
52BH07_46.
52ZBHO8_46.
52BH63_47.
52BH61_47.
19HI98_04.
5ZBH62_47.

2215 2296
tgaagcagcaaggccagcaacagggcccccgageggetgecagcacgatctocggeatggtggTTAATTAAGATCTGTAACGGC

TGAAGCAGCAAGGCCAGCAACAGGGCCCCCGAGCGGCTGCAGCACGATCTCGGCATGGTGGTTAATTAAGATCTGTAACGGC
TGAAGCAGCAAGGCCAGCAACAGGGCCCCCGAGCGGCTGCAGCACGATCTCGGCATGGTGGTTAATTAAGATCTGTAACGGE
TGAAGCAGCAAGGCCAGCAACAGGGCCCCCGAGCGGCTGCAGCACGATCTCGGCATGGTGGTTAATTAAGATCTGTAACGGC

Page 8 52BH20_46967022_46967022 (52BH20_46967022_46967022.abl), 52BH21_46967039_46967039 (52...

F10_seqg

52BH20_46.
52BH21_46.
52BH19_46.
43EH26 (4.
52BHO7_46.
S2BHOB_46.
52BH63_47.
52BHE1_47.
19HI98_04.
52BH62_47.

F10_seq

52BH20_46.
52BH21_46.
52BH19_46.
43EH26 (4.
52BHO7_46.
S2BHOB_46.
52BH63_47.
52BH61_47.
19HI98_04.
52BHE62_47.

F10_seqg

52BH20_46.
52BH21_46.
52BH19_46.
43EH26 (4.
52BHO7_46.
52BHOB8_46.
52BH63_47.
52BH61_47.
19H198_04.
52BHEZ_47.

F1l0_seqg

52BH20_46.
52BH21_46.
52BH19_46.
43EH26 (4.
52BHO7_46.
52BHOB_46.
52BH63_47.
52BH61_47.
19H198_04.
52BHE2Z2_47.

2297 2378
GCAGAACAGAARACGAAACAAAGACGTAGAGT TGAGCAAGCAGGGTCAGGCAAAGCGTGGAGAGCCGGCTGAGTCTAGGTAG

GCAGAACAGARAACGAMACAAAGACGTAGAGTTGAGCAAGCAGGGTCAGGCAAAGCGTGGAGAGCCGGCTGAGTCTAGGTAG
GCAGAACAGAAAACGARACAAAGACGTAGAGTTGAGCAAGCAGGGTCAGGCARAGCGTGGAGAGCCGGCTGAGTCTAGGTAG
GCAGAACAGAAAACGAAACAAAGACGTAGAGTTGAGCAAGCAGGGTCAGGCAAAGCGTGGAGAGCCGGCTGAGTCTAGGTAG

2379 2460
GCTCCAAGGGAGCGCCGGACARAGGCCCGGTCTCGACCTGAGCTTTARACT TACCTAGACGGCGGACGCAGTTCAGGAGGCA

GCTCCAAGGGAGCGCCGGACAAAGGCCCGGICTCGACCTGAGCTTTAAACTTACCTAGACGGCGGACGCAGTTCAGGAGGCA
GCTCCAAGGGAGCGCCGGACAAAGGCCCGGTCTCGACCTGAGCTTTARACTTACCTAGACGGCG——————————————————
GCTCCAAGGGAGCGCCGGACAAAGGCCCGGTCTCGACCTGAGCTTTARAACTTACCTAGACGGCGGACGCAGTTCAGGAGGCA

2461
CCACAGGCGGGAGGCGGCAGAACGCGACTCAACCGGCGTGGATGGCGGCCTCAGGTAGGGCGGCGGGCGCGTGARGGAGAGA

2542

CCACAGGCGGGAGGCGGCAGAACGCGACTCAACCGGCGTGGATGGCGGCCTCAGGTAGGGCGGCGGECGCGTGAAGGAGAGA

CCACAGGCGGGAGGCGGCAGAACGCGACTCAACCGGCGTGGATGGCGGCCTCAGGTAGGGCGGCGGECGCGTGAAGGAGAGA

2543 2624
TGCGAGCCCCTCGAAGCTTCAGCTGTGTTCTGGCGGCARACCCGTTGCGAAAAAGAACGTTCACGGCGACTACTGCACTTAT

TGCGAGCCCCTCGAAGCTTCAGCTGTGTTCTGGCGGCAAACCCGTTGCGAAAARAGAACGTTCACGGCGACTACTGCACTTAT

TGCGAGCCCCTCGAAGCTTCAGCTGTGTTCTGGCGGCARACCCGTTGCGAAARAGAACGTTCACGGCGACTACTGCACTTAT
——TTAT
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F10_seq

52BH20_46.
52BH21_46.
5ZBH19_46.
43EH26 (4.
52BH07_46.
5ZBH08_46.
52BH63_47.
52BH61_47.
19HI98_04.
52BH62_47.

2625 2706
ATACGGTTCTCCCCCACCCTCGGGAARARGGCGGAGCCAGTACACGACATCACTTTCCCAGTTTACCCCGCGCCACCTTCTC

ATACGGTTCTCCCCCACCCTCGGGAAAAAGGCGGAGCCAGTACACGACATCACTITCCCAGTTTACCCCGCGCCACCTTCTC
ATACGGTTCTCCCCCACCCTCGGGAAAAAGGCGGAGCCAGTACACGACATCACTITCCCAGTTTACCCCGCGCCACCTTCTC
ATACGGTTCTCCCCCACCCTCGGGAARAAGGCGGAGCCAGTACACGACATCACTT TCCCAGTTTACCCCGCGCCACCTTCTC
\\\\\\\\\\\\\\\\\\\\\\\\\ AAAAGGCGGAGCCAGTACACGACATCACTTTCCCAGTTTACCCCGCGCCACCTTCTC

F10_seq

52BH20_46.
52ZBH21_46.
52BH19_46.
43EH26 (4.
52BH07_46.
52BHD8_46.
52BH63_47.
52BH61_47.
19HI98_04.
52BH62_47.

F10_seq

52BH20_46.
5ZBH21_46.
52BH19_46.
43EH26 (4.
52BH0O7_46.
52BH08_46.
52BH63_47.
52BH61_47.
19HI98_04.
52BH62_47.

2707 2788
TAGGCACCGGTTCAATTGCCGACCCCTCCCCCCAACTTCTCGGGGACTGTGGGCGATGTGCGCTCTGCCCACTGACGTCGAC

TAGGCACCGGTTCAATTGCCGACCCCTCCCCCCAACTTCTCGGGGACTGTGGG: -
TAGGCACCGGTTCAATTGCCGACCCCTCCCCCCAACTTCTCGGGGACTGTGGGCGATGTGCGCTCTGCCCACTGACGTCGAC
TAGGCACCGGTTCAATTGCCGACCCCTCCCCCCAACTTCTCGGGGACTGTGGGCGATGTGCGCTCTGCCCACTGACGTCGAC
TAGGCACCGGTTCAATTGCCGACCCCTCCCCCCARCTTCTCGGGGACTGTGGGCGATGTGCGCTCTGCCCACTGACGTCGAC

2789

2870
AGTACTAAGCTTTGACAGAAAAGCCCCATCCTTAGGCCTCCTCCTTCCTAGTCTCCTGATATTGGGTCTAACCCCCACCTCC

AGTACTAAGCTTTGACAGAAAAGCCCCATCCTTAGGCCTCCTCCTTCCTAGTCTCCTGATATTGGGTCTAACCCCCACCTCC
AGTACTAAGCTTTGACAGAAAAGCCCCATCCTTAGGCCTCCTCCTTCCTAGTCTCCTGATATTGGGTCTAACCCCCACCTCC
AGTACTAAGCTTTGACAGAAARARGCCCCATCCTTAGGCCTCCTCCTTCCTAGTCTCCTGATATTGGGTCTAACCCCCACCTCC

F10_seq

52BH20_46.
52BH21_46.
5ZBH19_46.
43EH26 (4.
52BHO7_46.
52BHO8_46.
52BH63_47.
52BH61_47.
19HI98_04.
5ZBH62_47.

2871 2952
TGTTAGGCAGATTCCTTATCTGGTGACACACCCCCATTTCCTGGAGCCATCTCTCTCCTTGCCAGAACCTCTAAGGTTTGCT

TGTTAGGCAGATTCCTTATCTGGTGACACACCCCCATTTC
TGTTAGGCAGATTCCTTATCTGGTGACACACCCCCATTTCCTGGAGCCATCTCTCTCCTTGCCAGAACCTCTAAGGTTTGCT
TGTTAGGCAGATTCCTTATCTGGTGACACACCCCCATTTCCTGGAGCCATCTCTCTCCTTGCCAGAACCTCTAAGGTTTGCT

Page 10 52BH20_46967022_46967022

F10_seq

52BH20_46. .

52BH21_46..

52BH19_46..

43EH26 (4.

52ZBHO7_46..

52ZBH08_46.
52BH63_47.

52BH61_47..

19HIS8_04..

52BH62_47.

(52BH20_46967022_46967022.abl), 52BH21_46967039_46967039 (5...

2953
TACGATGGAGCCAGAGAGGATCCTGGGAGGGAGAC

3034
TGGGAGGGAAGGGGGGEATGCGTGACCTGCCCGGT

TTGGCA

TACGATGGAGCCAGAGAGGATCCTGGGAGGGAGAGCTTGGCAGGGGGTGGGAGGGAAGGGGGGGATGCGTGACCTGCCCGGT
TACGATGGAGCCAGAGAGGATCCTGGGAGGGAGAGCTTGGCAGGGGGTGGCAGGGAAGGGGGGGATGCGTGACCTGCCCGGT

F10_seq
52BH20_46.
52BH21_46.

52BH19_46..
43EH26 (4..

52BH07_46.

52BH0OB_46, .
52BH63_47..

52ZBH61_47.
19HI98_04.
52BH62_47.

F10_seq
52BH20_46.
52BH21_46.

52BH19_46..
43EH26 (4..

5ZBHO7_46.

52BHO8_46..
52BH63_47..

5ZBH61_47.

19HI98_04..

52BH62_47.

3035 3116
TCTCAGTGGCCACCCTGCGCTACCCTCTCCCAGRACCTGAGCTGCTCTGACGCGGCCGTCTGGTGCGTTTCACTGATCCTGG

TCTCAGTGGCCACCCTGCGCTACCCTCTCCCAGAACCTGAGCTGCTCTGACGCGGCTGTCTGGTGCGTTTCACTGATCCTGG
TCTCAGTGGCCACCCTGCGCTACCCTCTCCCAGARCCTGAGCTGCTCTGACGCGGCTGTCTGGTGCGTTTCACTGATCCTGG

3117 3198
TGCTGCAGCTTCCTTACACTTCCCAAGAGGAGAAGCAGTTTGGAAAARCAAAATCAGAATAAGT TGGTCCTGAGTTCTAACT

TGCTGCAGCTTCCTTACACTTCCCAAGAGGAGAAGCAGTTTGGAAAAACAAAATCAGAATAAGT TGGTCCTGAGTTCTAACT
TGCTGCAGCTTCCTTACACTTCCCAAGAGGAGAAGCAGTTTGGAAAARCAAAATCAGAATAAGT TGGTCCTGAGTTCTAACT

Fl0_seq
52BH20_46.
52BH21_46.

52BH19_46..

43EH26 (4.
5ZBHO7_46.

52BHO8_46..

52BH63_47.
52BH61_47.

19HI98_04. .
52BH62_47..

3199 3280
TTGGCTCTTICACCTTICTAGTCCCCAATTTATATTGTTCCTCCGTGCGTCAGITTTACCTGTGAGATAAGGCCAGTAGCCAG

TTGGCTCTTCACCTTICTAGTCCCCAATTTATATTGTTCCTCCGTGCGTCAGITTTACCTGTGAGATAAGGCCAGTAGCCAG
TTGGCTCTTCACCTTTCTAGTCCCCAATTTATATTGT TCCTCCGTGCGTCAGTTTTACCTGTGAGATAAGGCCAGTAGCCAG
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3281 3362
F10_seq CCCCGTCCTGGCAGGGCTGTGGT! GGTGTCCGTGTGGARAACTCCCTTTGTGAGAATGGTGCGTCCTAGGTGTT
52BH20_46... —-—-—- ——— -
52BH21_46... ————
52BH1S9_46... --—-
43EH26 (4...
52BHO7_46...
52BH08_46... --—-
52BH63_47... CCCCGTCCTGGCAGGGCTGTGGTGAGGA GTGTCCGTGTGGARAACTCCCTTTGTGAGAATGGTGCGTCCTAGGTGTT
52BH61_47... CCCCGTCCTGGCAGGGCTGTGGTGAGGAGGGGGETGTCCGTGTGGARAACTCCCTTTGTGAGAATGGTGCGTCCTAGGTGTT
19HI98_04... ———————-—-—-——mm—m———————— o GGGGGTGTCCGTGTGGAAAACTCCCTTTGTGAGAATGGTGCGTCCTAGGTGTT

52BH62_47... -——- AAACTCCCTTTGTGAGAATGGTGCGTCCTAGGTGTT
3363 3444

Fl0_segq CACCAGGTCGTGGCCGCCTCTACTCCCTTTICTCTITTCTCCATCCTTCTTTCCTTAARGAGTCCCCAGTGCTATCTGGGACAT

52BH20_46... ———— e e S

52BH21_46...

52BH19_46... --—- -= -

A3EHZE (.., —mm e e e e e e e e

52BH07_46...

52BH08_46... ———

52BH63_47... CACCAGGTCGTGGCCGCCTCTACTCCCTTTCTCTTTCTCCATCCTTCTTTCCTTAAAGAGTCCCCAGTGCTATCTGGGACAT

52BH61_47... CACCAGGTCGTGGCCGCCTCTACTCCCTTTCTCTTTCTCCATCCTTCTTTCCTTARAGAGTCCCCAGTGCTATCTGGGACAT

19HI9E_04... CACCAGGTCGTGGCCGCCTCTACTCCCTTTCTCTTTCTCCATCCTTCTTTCCTTARAGAGTCCCCAGTGCTATCTGGGACAT

52BH62_47... CACCAGGTCGTGGCCGCCTCTACTCCCTTTCTCTTTCTCCATCCTTCTTTCCTTAAAGAGTCCCCAGTGCTATCTGGGACAT

3445

3526
F10_segq
S2BH20_46. .. =mmmmmm e o e o e e e e e e e
52BH21_46... -——-—
52BH19_46... -——-
43EH26 (4... ---—- ———= == =
52BHO7_46... ————
52BH08_46...
52ZBH63_47... ATTCCTCCGCCCAGAGCAGGGTCCCGCTTCCCTAAGGCCCTGCTCTGGGCTTCTGGGTTTGAGTCCTTGGCAAGCCCAGGAG
52BH61_47... ATTCCTCCGCCCAGAGCAGGGTCCCGCTTCCCTAAGGCCCTGCTCTGGECTTCTGGGTTTGAGTCCTTGGCAAGCCCAGGAG
19HI98_04... ATTCCTCCGCCCAGAGCAGGGTCCCGCTTCCCTAAGGCCCTGCTCTGGGCTTCTGGGTTIGAGTCCTTGGCAAGCCCAGGAG
52BH62_47... ATTCCTCCGCCCAGAGCAGGGTCCCGCTTCCCTAAGGCCCTGCTCTGGECTTCTGGGTTTGAGTCCTTGGCARGCCCAGGAG

3527 3608
F10_seq AGGCGCTCAGGCTTCCCTGTCCCCCTTCCTCGTCCACCATCTCATGCCCCTGGCTCTCCTGCCCCTTCCCTACAGGGGTTCC
52BH20_46... ---- ———=
SZBH21_ 46, ., == e e e e e e e e e e e e
52BH19_46...
43EH26 (4... ———- -
52BHO7_46... ———- -- e
52BHO8_46...
52BH63_47... AGGCGCTCAGGCTTCCCTGTCCCCCTTCCTCGTCCACCATCTCATGCCCCTGGCTCTCCTGCCCCTTCCCTACAGGGGTTCC
52BH61_47... AGGCGCTCAGGCTTCCCTGTCCCCCTTCCTCGTCCACCATCTCATGCCCCTGGCTCTCCTGCCCCTTCCCTACAGGGGTTCL
19HI98_04... AGGCGCTCAGGCTTCCCTGTCCCCCTTCCTCGTCCACCATCTCATGCCCCTGGCTCTCCTGCCCCTTCCCTACAGGGGTTCC

52ZBH62_47... AGGCGCTCAGGCTTCCCTGTCCCCCTTCCTCGTCCACCATCTCATGCCCCTGGCTCTCCTGCCCCTTCCCTACAGGGGTTCC

Page 12 52ZBH20_46967022_46967022 (52BH20_469%67022_46967022.abl),

F10_seq

52BH20_46.
52BH21_46.
S2BH19_46.
43EH26 (4.
S2BHO7_46.
52BHOB_46.
SZBHE3_47.
S2BH61_47.
19HI®28_04.
52BH62_47.

Fl0_seq

52BH20_46.
S52BH21_46.
S2BH19_46.
43EH26 (4.
52BHO7_46.
S2BHOB_46.
52BHE3_47.
S52BHE1_47.
19HI98_04.
52BH62_47.

52BH21_46967039_46967039 (5..

3609 3690
TGGCTCTGCTCTTCAGACTGAGCCCCGTTCCCCTGCATCCCCGTICCCCTGCATCCCCCTTCCCCTGCATCCCCCAGAGGCT

TGGCTCTGCTCTTCAGACTGAGCCCCGTTCCCCTGCATCCCCGTTCCCCTGCATCCCCCTTCCCCTGCATCCCCCAGAGGCC
TGGCTCTGCTCTTCAGACTGAGCCCCGTTCCCCTGCATCCCCGTT
TGGCTCTGCTCTTCAGACTGAGCCCCGTTCCCCTGCATCCCCGTTCCCCTGCATCCCCCTTCCCCTGCATCCCCCAGAGGCT
TGGCTCTGCTCTTCAGACTGAGCCCCGTTCCCCTGCATCCCCGTTCCCCTGCATCCCCCTTCCCCTGCATCCCCCAGAGGCC

3691 3772
CCAGGCCACCTACTTGGCCTGGACCCCACGAGAGGCCACCCCAGCCCTGTCTACCAGGCTGCCTTTTGGGTGGATTCTCCTC

CCAGGCCACCTACTTGGCCTGGACCCCACGAGAGGLCACCCCAGL L === m = e

CCAGGCCACCTACTTGGCCTGGACCCCACGAGAGGCCACCCCAGCCCTGTCTACCAGGCTGCCTTTTGGGTGGATTCTCC—
CCAGGCCACCTACTTGGCCTGGACCCCACGAGAGGCCACCCCAGCCCTGTCTACCAGGCTGCCTTTTGGGTGGATTCTCCTC

Fl0_seq

52BH20_46.
52BH21_46.
S2BH19_46.
43EH26 (4.
52BHO7_46.
S2BHOB_46.
52BH63_47.
52BHE1_47.
19HI98_04.
52BH62_47.

tched

ISma

IMR90-4 hPOMC-GLuc clone 6. Any m

n

ts of integrated donor DNA

ignmen

ing a
bases are indicated in red (12 pages).

Sanger sequenci

Figure 121
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6.4.11 IMR90-4 hPOMC-GLuc clone 4

Sanger sequencing alignment for IMR90-4 hPOMC-GLuc (4) donor DNA insertion.
Traces corresponding to dark red sequencing arrows depicted in Figure 122. 52BH16:
sequencing range #1, 52BH17: sequencing range #2, 52BH18: sequencing range #3, 43EH25:
sequencing range #4, 19HI199: sequencing range #5, 52BH10: sequencing range #6, 52BH11.:
sequencing range #7, 52BH60: sequencing range #8 (10 pages).

1 4 5 ——
2 —
3 q 6 7 =
1000! 2000! < 3000!
. HAL [ PuoR 2 T |
| EfL-HTLV promoter
hPOMC

Figure 122: Sanger sequencing coverage of hPOMC-GLuc donor DNA inserted into AAVS1 safe harbor locus of IMR90-4
clone 4.
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Page 1 52BH18_46%67008_46967008 (52BH18_46967008_46967008.abl), 52BH17_46966995 469669295 (52...

1 B2
Cl2_seq TTCAGGTTCCGTCTTCCTCCACTCCCTCTTCCCCTTGCTCTCTGCTGTGTTGCTGCCCAAGGATGCTCTTTCCGGAGCACTT
52BH17_46... TTCAGGTTCCGTCTTCCTCCACTCCCTCTTCCCCTTGCTCTCTGCTGTGTTGCTGCCCAAGGATGCTCTTTCCGGAGCACTT
52BH1B_46... ————————-—m—mmmm oo TCCCTCTTCCCCTTGCTCTCTGCTGTGTTGCTGCCCARAGGATGCTCTTTCCGGAGCACTT
52BH16_46... ————-—— oo GCTGTGTTGCTGCCCAAGGATGCTCTTTCCGGAGCACTT
52BH10_46... —————————— -
43EH25 (4... === ===
52BH11_46...
52BH60_47... ——————-—-— oo
19HISY 04, . ——-——-—— oo

83 164
Cl2_seg CCTTCTCGGCGCTGCACCACGTGATGTCCTCTGAGCGGATCCTCCCCGTGTCTGGGTCCTCTCCGGGCATCTCTCCTCCCTC

52BH17_46... CCTTCTCGGCGCTGCACCACGTGATGTCCTCTGAGCGGATCCTCCCCGIGTICTGGGTCCTCTCCGGGCATCTCTICCTCCCTC
52BH18_46... CCTTCTCGGCGCTGCACCACGTGATGTCCTCTGAGCGGATCCTCCCCGTGTCTGGGTCCTCTCCGGGCATCTCTCCTCCCTC
52BH16_46... CCTTCTCGGCGCTGCACCACGTGATGTCCTCTGAGCGGATCCTCCCCGTGTCTGGGTCCTCTCCGGGCATCTCTCCTCCCTC
52BH10_46...

43EH25 (4...
52BH11_46..., ———— oo
o5 = (I i A T ————
19AI99_04..,, ———————— e e
165 246
Cl2_seq ACCCAACCCCATGCCGTCTTCACTCGCTGGGTTCCCTTTTCCTTCTCCTTCTGGGGCCTGTGCCATCTCTCGTTTCTTAGGA

52BH17_46... ACCCAACCCCATGCCGTCTTCACTCGCTGGGTTCCCTTTTCCTTCTCCTTCTGGGGCCTGTGCCATCTCTCGTTTCTTAGGA
52BH18_46... ACCCAACCCCATGCCGTCTTCACTCGCTGGGTTCCCTTTTCCTTCTCCTTCTGGGGCCTGTGCCATCTCTCGTTTCTTAGGA
52BH16_46... ACCCAACCCCATGCCGTCTTCACTCGCTGGGTTCCCTTTTCCTTCTCCTTCTGGGGCCTGTGCCATCTCTCGTTTCTTAGGA
52BH10_46...

43EH25 (4...
52BH11_46...
52BH60_47...
19HI99_04...
247 328
Cl2_seq TGGCCTTCTCCGACGGATGTCTCCCTTGCGTCCCGCCTCCCCTTCTTGTAGGCCTGCATCATCACCGTTTTTCTGGACAACC

52BH17_46... TGGCCTTCTCCGACGGATGTCTCCCTTGCGTCCCGCCTCCCCTTCTTGTAGGCCTGCATCATCACCGTTTTTCTGGACAACT
52BH18_46... TGGCCTTCTCCGACGGATGTCTCCCTTGCGTCCCGCCTCCCCTTCTTGTAGGCCTGCATCATCACCGTTTTTCTGGACRAACT
52BH16_46... TGGCCTTCTCCGACGGATGTCTCCCTTGCGTCCCGCCTCCCCTTCTTGTAGGCCTGCATCATCACCGTTTTTCTGGACAACT
52BH10_46...
43EH25 (4...
52BH11_46...
52BH60_47...
19HI9S_04...

329 410
Cl2_seq CCAAAGTACCCCGTCTCCCTGGCTTTAGCCACCTCTCCATCCTCTTGCTTTCTTTGCCTGGACACCCCGTTCTCCTGTGGAT
52BH17_46... CCRAAGTACCCCGTCTCCCTGGCTTTAGCCACCTCTCCATCCTCTTGCTTTCTTTGCCTGGACACCCCGTTCTCCTGTGGAT
52BH18_46... CCRAAGTACCCCGTCTCCCTGGCTTTAGCCACCTCTCCATCCTCTTGCTTTCTTTGCCTGGACACCCCGTTCTCCTGTGGAT
52BH16_46... CCAAAGTACCCCGTCTCCCTGGCTTTAGCCACCTCTCCATCCTCTTGCTTTCTTTGCCTGGACACCCCGTTCTCCTGTGGAT
52BH10_46...
43EH25 (4...
52BH11_46... ———m————mmm e
52BH60_47...
19HI99_04...

Page 2 52BH18_46967008_46967008 (52BH18_46967008_46967008.abl), 52BH17_46966995_46966995 (52...

411 492
€12_seq TCGGGTCACCTCTCACTCCTTTCATTTGGGCAGCTCCCCTACCCCCCTTACCTCTCTAGTCTGTGCTAGCTCTTCCAGCCCE
52BH17_46... TCGGGTCACCTCTCACTCCTTTCATTTGGGCAGCTCCCCTACCCCCCTTACCTCTCTAGTCTGTGCTAGCTCTTCCAGCCCE
52BH18_46... TCGGGTCACCTCTCACTCCTITTCATTITGGGCAGCTCCCCTACCCCCCTTACCTCTCTAGTCTGTGCTAGCTCTTCCAGCCCC
52BH16_46... TCGGGTCACCTCTCACTCCTTTCATTTGGGCAGCTCCCCTACCCCCCTTACCTCTCTAGTCTETGCTAGCTCTTCCAGCCCC
52BH10_46. .. -
43EH25 (4...
52BH11_46...
52BH60_47,., ===—m—m—m—mmmmmmmm e
19HI99 04... ——-—————m—mmmmmm oo

493 574
Cl2_seg CTGTCATGGCATCTTCCAGGGGTCCGAGAGCTCAGCTAGTCTTICTTCCTCCAACCCGGGCCCCTATGTCCACTTCAGGACAG
52BH17_46... CTGTCA-----=========m—mmm
52BH18_46... CTGTCATGGCATCTTCCAGGGGTCCGAGAGCTCAGCTAGTCTTCTTCCTCCAACCCGGECCCCTATGTCCACTTCAGGACAG
52BH16_46... CTGTCATGGCATCTTCCAGGGGTCCGAGAGCTCAGCTAGTCTTCTTCCTCCAACCCGGGCCCCTATGTCCACTTCAGGACAG
52BH10_46. ..
43EH25 (4...
52BH11_46...
B 2BHEO 47 . .. —m e
19HI99 04... —--—=--=-mommmmemee

575 656
Cl2_seq CATGTTTGCTGCCTCCAGGGATCCTGTGTCCCCGAGCTGGGACCACCTTATATTCCCAGGGCCGGTTAATGTGGCTCTGGTT
52BH17_46.. e
52BH18_46... CATGTTTIGCTGCCTCCAGGGATCCTGTGTCCCCGAGCTGGGACCACCTTATATTCCCAGGGCCGGTTAATGTGGCTCTGGTT
52BH16_46... CATGTTTGCTGCCTCCAGGGATCCTGTGTCCCCGAGCTGGGACCACCTTATATTCCCAGGGCCGGTTAATGTGGCTCTGGTT
52BH10_46... ———==——=———————————
43EH25 (4..., —-===———————mm
52BH11_46...
52BHE0_47...
19HI99_04...

657 738
cl2_seq CTGGGTACTTTTATCTGTCCCCTCCACCCCACAGTGGGGCAAGCTTCTGACCTCTTCTCTTCCTCCCACAGGGCCTCGAGAG
52BH17_46...
52BH18_46... CTGGGTACTTTTATCTGTCCCCTCCACCCCACAGTGGGGCAAGCTTCTGACCTCTTCTCTTCCTCCCACAGGGCCTCGAGAG
52BH16_46... CTGGGTACTTTTATCTGTCCCCTCCACCCCACAGTGGGGCAAGCTTCTGACCTCTTCTCTTCCTCCCACAGGGCCTCGAGAG
52BH10_46.., -—-—-—--———-——ommoo
43EH25 (4..., ——==------mmmmommm—mm—e
52BH11_46... =———=—======mm
S2BH60_47. ..
19HTI99 04, .. ———— e e e e e e e e e e e

739 820
Cl2_seg ATCTGGCAGCGGAGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGAATCCCGGCCCTAGGCTCGAGATGACC
52BH17_46...
52BH18_46... ATCTGGCAGCGGAGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGAATCCCGGCCCTAGGCTCGAGATGACC
52BH16_46... ATCTGGCAGCGGAGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGAATCCCGGCCCTAGGCTCGAGATGACC
52BH10_46... -
43EH25 (4...
52BH11_46...
52BH60_47...
19HI99_04...
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Page 3 52BH18_46967008_46967008 (52BH18_46967008_46967008.abl), 52BH17_46966995_46966995 (52...

821 902
Cl2_seq GAGTACAAGCCCACGGTGCGCCTCGCCACCCGCGACGACGTCCCCAGGGCCGTACGCACCCTCGCCGCCGCGTTCGCCGACT
52BH17_46...
52BH18_46. ..
52BH16_46. ..
52BH10_46...
43EH2S (4.4 —mmm oo e e e
S2BH11_46, ., =mmmmm e e e e e e e e e e e e
S2BHE0_47. ..
19HI99_04...

GAGTACAAGCCCACGGTGCGCCTCGCCACCCGCGACGACGTCCCCAGGGCCGTACGCACCCTCGCCGCCGCGTTCGCCGACT
GAGTACAAGCCCACGGTGCGCCTCGCCACCCGCGACGACGTCCCCAGGGCCGTACGCACCCTCGCCGCCGCGTTCGCCGACT

203 984
ACCCCGCCACGCGCCACACCGTCGATCCGGACCGCCACATCGAGCGGGTCACCGAGCTGCAAGAACTCTTCCTCACGCGCGT
52BH18_46... ACCCCGCCACGCGUCACACTGTC = == == == == e e e e e e e e e e e e e e e e e e e
52BH16_46... ACCCCGCCACGCGCCACACCGTCGATCCGGACCGCCACATCGAGCGGGTCACCGAGCTGCARGAACTCTTCCTCACGCGLGT
52BH10_46. .. ————

o o R B e ———
B2BHLL dB. .. == e e e e e e e e e e e e e e e e e e e e e e e e e e e o o
52BH60_47...
19HI9%_04...

Cl2_seq
52BH17_46...

985 1066
cl12_seq CGGGCTCGACATCGGCAAGGTGTGGGTCGCGGACGACGGCGCCGCGETGGCGGTCTGGACCACGCCGGAGAGCGTCGAAGCE
BZBHLT 6. .. —
5ZBH18_46. ..
52BH16_46... CGGGCTCGACATCGGCAAGGTGTGGGTCGCGGACGACGGCGCCGE:
52BH10_46... -
43EH25 (4...
52BH11_46...
52BH60_47...
19HI99_04...

1067 1148
C12_seq GGGGCGGTET TCGCCGAGATCGGCCCGCGCATGGCCGAGT TGAGCGGTTCCCGGCTGGCCGCGCAGCARCAGATGGAAGGCT
52BH17_46...
52BH18_46...
52BH16_46...
52BH10_46. ..
GIEH25 (4, o oo
52BH11_46...
B2BHEO_ 47, ., =mmmmmmmmmmmmmmm e e
TOHTGO 04, .\ —mm e

1149 1230
Cl2_seq TCCTGGCGCCGCACCGGCCCARGGAGCCCGCGTGGTTCCTGGCCACCGTCGGCGTCTICGCCCGACCACCAGGGCAAGGGTCT
52BH17_46...
52BH18_46...
B2BHL1B 46, ., ——m o m
S52BH10_46... —— == e e e e e e e
43EH25 {4,., ———— == e
52BH11_46...
L o I B B T ———
R B LT T B ——————

Page 4 52BH1B_46967008_46967008 (52BH18_46967008_46967008.abl), 52BH17_46966995_46966995 (52...

1231 1312
Cl2_seq GGGCAGCGCCGTCGTGCTCCCCGGAGTGGAGGCGGCCGAGCGLGCCGEGGTGCCCGCCTTCCTGGAGACCTCCGCGCCCCGT
52BH17_46. e S S P
52BH18_46
52ZBH16_46
5ZBH10_46. B

52BHGO0_47. ..
196199 04, .

1313 1394
Cl2_seq AACCTCCCCTTCTACGAGCGGCTCGGCTTICACCGTCACCGCCGACGTCGAGGTGCCCGAAGGACCGCGCACCTGGTGCATGA
52BH17_46. ..
52BH18_46...
S2BHLE_ A6, ., == m o e
52BH10_46
43EH25 (4
52BH11_46.
52BH60_47
13HI99_04

1395 1476
CCCGCAAGCCCGGTGCCTGATCTAGAGGGCCCGTTTARACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATC

43EH25 (.., ——mm e oo e e
52BH11_46
52BH60_47
19HI99_04...

1477 1558
Cl2_seq TGTTGTTIGCCCCTCCCCCGTGCCTTCCTTGACCCTGGARGGTGCCACTCCCACTGTCCTTTCCTAATARAATGAGGARATT
52BH17_46...

52BH18_46...

TGAGGRAATT

52ZBH11_46.
52BH60_47
13HI99_04

1559 1640
GCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGETGGGGCAGGACAGCARGGGGGAGGATTGGGAAGACA

Cl2_seq
52BH17_46.
52BH18_46
52BH16_46...
52BH10_46... GCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGARGACA
43EH25 (4... --- e ———— . - e - e AGACA
52BH11_46
52BH60_47
19HI99_04
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Page 5 52BH18_46967008_46967008 (52BH18_46967008_46967008.abl), 52BH17_46966995_46966%95 (52...

1641 1722
Cl2_seq ATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGACTAGTctagt caccaceggecececttgatcttgtccacctggece
52BH17_46... -—--—--= ——
52BH18_46... ———
5ZBH16_46... ———- ———

52BH10_46... ATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGACTAGTCTAGTCACCACCGGCCCCCTTGATCTTGTCCACCTGGCCC
43EH25 (4... ATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGACTAGTCTAGTCACCACCGGCCCCCTTGATCTTGTCCACCTGGCCC
52BH11_46... —-——- -
52BH60_47... --—-- -
19HI99_04... -——- -—

1723 1804
C12_seq tggatcttgctggcaaaggtcgecacagegttgeggecagecacttecttgagcaggtcagaacactgecacgttggecaageectt
52ZBH17_46... ———
52BH18_46... ———
52BH16_46... ---- -
52BH10_46... TGGATCTTGCTGGCAAAGGTCGCACAGCGTTGCGGCAGCCACTTCTTGAGCAGGTCAGAACACTGCACGTTGGCAAGCCCTT
43EH25 (4... TGGATCTTGCTGGCAARAGGTCGCACAGCGTTGCGGCAGCCACTTCTTGAGCAGGTCAGAACACTGCACGTTGGCAAGCCCTT
5ZBH11_46... ———- -
52BH60_47... -—-———-— i
19HI99_04... ———- S

1805 1886
Cl2_seq tgaggcagccagttgtgecagtccacacacagatcgacctgtgegatgaactgctecatgggetccaagtecttgaaccecagg
52BH17_46... ——-
52BH18_46... -——- -
52BH16_46... -—-- -
52BH10_46... TGAGGCAGCCAGTTGTGCAGTCCACACACAGATCGACCTGTGCGATGAACTGCTCCATGGGCTCCAAGTCCTTGAACCCAGG
43EH25 (4... TGAGGCAGCCAGTTGTGCAGTCCACACACAGATCGACCTGTGCGATGAACTGCTCCATGGGCTCCAAGTCCTTGAACCCAGG
52BH11_46... =——=m==mmmm—mmmmm e emm e
B2ZBHBO_47. .. === == m e e
19HI99_04... ———- -

1887 1968
Cl2_seq aatctcaggaatgtcgacgatcgectegectatgecgecctgtgeggactetttgtegecttegtaggtgtggeagegtect
52BH17_46... ——-
52BH18_46... -———
52BH16_46... ---- -—
52BH10_46... AATCTCAGGAATGTICGACGATCGCCTCGCCTATGCCGCCCTGTGCGGACTCTTTGTCGCCTTCGTAGGTGTGGCAGCGTCCT
43EH25 (4... AATCTCAGGAATGTCGACGATCGCCTCGCCTATGCCGCCCTGTGCGGACTCTTTGTCGCCTTCGTAGGTGTGGCAGCGTCCT
T 1 £ T S —
52BH60_47... -=—-=--= -
19HI99_04... -——- -—=

1969 2050
Cl2_seq gggatgaacttcttcatcttgggegtgcacttgatgtgggacaggecagatcagacagecceoctggtgecagecagettteeggg
52BH17_46... ———
52BH18_46... ———
5ZBH16_46... ———- -
52BH10_46... GGGATGAACTTCTICATCTTGGGCGTGCACTTGATGTGGGACAGGCAGATCAGACAGCCCCTGGTGCAGCCAGCTTTCCGGG
43EH25 (4... GGGATGAACTTCTTCATCTTGGGCGTGCACTTGATGTGGGACAGGCAGATCAGACAGCCCCTGGTGCAGCCAGCTTTCCGGG
52BH11_46,., =—=—————=—=—n — S =
S2BH60_47... ——-=-=-- et
19HI99_04... ———— =

Page 6 52BH18_46967008_46967008 (52BH18_46967008_46967008.abl), 52BH17_46966995_46966935 (52...

Cl2_segq

52BH17_46.
52BH18_46.
52BH16_46.
52BH10_46.
43EH25 (4.
52BH11_46.
52BH60_47.
19H199_04.

2051 2132
cattggcttccatctctttgagcacctccageggecagettecttgecgggecaacttcececgeggtcagecatcgagatcegtggt

CATTGGCTTCCATCTCTTTGAGCACCTCCAGCGGCAGCTTCTTGCCGGGCARCTTCCCGCGGTCAGCATCGAGATCCGTGGT
CATTGGCTTCCATCTCTTTGAGCACCTCCAGCGGCAGCTTCTTGCCGGGCARCTTCCCGCGGTCAGCATCGAGATCCGTGGT
\\\\\\\\\\\\\\\\ TTTGAGCACCTCCAGCGGCAGCTTCTTGCCGGGCARCTTCCCGCGGTCAGCATCGAGATCCGTGGT

Cl2_seq

52BH17_46.
52BH18_46.
52BH16_46.
52BH10_46.
43EH25 (4.
52BH11_46.
52BH60_47.
19HI99_04.

Cl2_seq

S2BH17_46.
52BH18_46.
52BH16_46.
52BH10_46.
43EH25 (4.
52BH11_46.
S2BH60_47.
19HI99_04.

Cl2_seq

52BH17_46.
52BH18_46.
52BH16_46.
52BH10_46.
43EH25 (4.
52BH11_46.
52BH60_47.
19H199_04.

Cl2_seq

52BH17_46.
52BH18_46.
52BH16_46.
52BH10_46.
43EH25 (4.
52BH11_46.
52BH60_47.
19HI99_04.

2133 2214
cgcgaagttgectggecacggeccacgatgttgaagtettegttgttecteggtgggettecatgecacgecactteccatggaggee

CGCGAAGTTGCTGGCCACGGCCACGATGTTGAAGTCTTCGTTGTTCTCGGTGGGCTTCATGCCACGCACTTCCATGGAGGCC
CGCGRAGTTGCTGGCCACGGCCACGATGTTGAAGTICTTCGTTGTTCTCGGTGGGCTTCATGCCACGCACTTCCATGGAGGCC
CGCGAAGTTGCTGGCCACGGCCACGATGTTGAAGTCTTCGTTGTTCTCGGTGGGCTTCATGCCACGCACTTCCATGGAGGCC

2215 2296
tgaagcagcaaggcecagecaacagggeccecgageggetgcageacgateteggeat ggtggTTAATTAAGATCTGTAACGGC

TGAAGCAGCA
TGAAGCAGCAAGGCCAGCAACAGGGCCCCCGAGCGGCTGCAGCACGATCTCGGCATGGTGGTTAATTAAGATCTGTAACGGE
TGAAGCAGCAAGGCCAGCAACAGGGCCCCCGAGCGGCTGCAGCACGATCTCGGCATGGTGGTTAATTAAGATCTGTAACGGC

2297 2378
GCAGAACAGAARACGAAACAAAGACGTAGAGTTGAGCAAGCAGGGTCAGGCAAAGCGTGGAGAGCCGGCTGAGTCTAGGTAG

GCAGAACAGAAAACGAAACAAAGACGTAGAGTTGAGCAAGCAGGGTCAGGCARAGCGTGGAGAGCCGGCTGAGTCTAGGTAG
GCAGARACAGAARACGAAACAAAGACGTAGAGTTGAGCAAGCAGGGTCAGGCAAAGCGTGGAGAGCCGGCTGAGTCTAGGTAG

2379 2460
GCTCCAAGGGAGCGCCGGACARAGGCCCGGTCTCGACCTGAGCTTTARACTTACCTAGACGGCGGACGCAGTTCAGGAGGCA

GCTCCAAGGGAGCGCCGGACAAAGGCCCGGTCTCGACCTGAGCTTTARACTTACCTAGACGGCGGACGCAGTTCAGGAGGCA
GCTCCAAGGGAGCGCCGGACARAGGCCCGGTCTCGACCTGAGCTTTARACTTACCTAGACGGCGGACGCAGTTCAGGAGGCA
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Page 7 52BH1B_46967008_46967008 (52BH18_46967008_46967008.abl), 52BH17_46966995_46966995 (52...

2461 2542
Cl2_seg CCACAGGCGGGAGGCGGCAGAACGCGACTCAACCGGCGTGGATGGCGGCCTCAGGTAGGGCGGCGGGCGCGTGAAGGAGAGA
52BH17_46... e —————
52BH1B_46...
52BH16_46...

52BH10_46... i ——
43EH25 (4... CCACAGGCGGGAGGCGGCAGAACGCGACTCAACCGGCGTGGATGGCGGCCTCAGGTAGGGCGGCGGGCGCGTGAAGGAGAGA
52BH11_46... CCACAGGCGGGAGGCGGCAGAACGCGACTCAACCGGCGTGGATGGCGGCCTCAGGTAGGGCGGCGGGCGCGTGAAGGAGAGA
52BHE0_47...
19HIS9_04... ——=

2543 2624
Cl2_seq TGCGAGCCCCTCGAAGCTTICAGCTGTGTICTGGCGGCARACCCGTTGCGAAAAAGAACGTTCACGGCGACTACTGCACTTAT
52BH17_46...
52BH18_46... —
S2BHLE_ 46, , . = mmmmm e

52BH10_46...
43EH25 (4... TGCGAGCCCCTCGAAGCTTCAGCTGTGTTCTGGCGGCARACCCGTTGCGAAAARAGARCGTTCACGGCGACTACTGCACTTAT
52BH11_46... TGCGAGCCCCTCGAAGCTTCAGCTGTGTTCTGGCGGCARACCCGTTGCGAAAAAGAACGTTCACGGCGACTACTGCACTTAT
S52BH60_47... - — -GCACTTAT
19HIS9_D4... -

2625 2706
Cl2_seg ATACGGTTCTCCCCCACCCTCGGGAARAAGGCGGAGCCAGTACACGACATCACTTTCCCAGTTTACCCCGCGCCACCTTCTC
B2BHL Y 6. .. = e e e e e e e e e e e e e e e e e e e e e
52BH18B_46... -
52BH16_46...
52BH10_46...

43EH25 (4... ATACGGTTCTCCCCCACCCTCGGGAAAARGGCGGAGCCAGTACACGACATCACTTTCCCAGTTTACCCCGCGCCACCTTICTIC
52BH11_46... ATACGGTTCTCCCCCACCCTCGGGAAAARAGGCGGAGCCAGTACACGACATCACTTTCCCAGTTTACCCCGCGCCACCTTICTC
52BH60_47... ATACGGTTCTCCCCCACCCTCGGGAAAAAGGCGGAGCCAGTACACGACATCACTTTCCCAGTTTACCCCGCGCCACCTTCTC
19HIS9_04... - -

2707 2788
€12_seq TAGGCACCGGTTCAATTGCCGACCCCTCCCCCCARCT TCTCGGEGACTGTGGGCGATGTGCGCTCTGCCCACTGACGTCGAC
52BH17_46...
52BH18_46...
52BH16_46. .. e
52BH10_46...
43EH25 (4... TAGGCACCGGTTCAATTGCCGACCCCTCCCCCCAACTTCTCGGGGACTGTGGG-—

52BH11_46... TAGGCACCGGTTCAATTGCCGACCCCTCCCCCCAACTTCTCGGGGACTGTGGGCGATGTGCGCTCTGCCCACTGACGTCGAC
52BHE0_47... TAGGCACCGGTTCAATTGCCGACCCCTCCCCCCAACTICTCGGGGACTGTGGGCGATGTGCGCTCTGCCCACTGACGTCGAC
19HIS9_04...

2789 2870
Cl2_seqg AGTACTAAGCTTTGACAGAARAGCCCCATCCTTAGGCCTCCTCCTTCCTAGTCTCCTGATATTGGGTCTAACCCCCACCTCC
B2BHL T A6, . . = e e e e e e e e e e e e e e e e e e o o o o o
52BH18B_46... N S T Y
S52BH16_46...

52BH10_46...
43EH25 (4.., ———-—m - - — - e
52BH11_46... AGTACTAAGCTTTGACAGAAARAGCCCCATCCTTAGGCCTCCTCCTTCCTAGTCTCCTGATATTGGGTCTAACCCCC-——————
52BH60_47... AGTACTAAGCTTTGACAGAAAAGCCCCATCCTTAGGCCTCCTCCTTCCTAGTCTCCTGATATTGGGTCTAACCCCCACCTCC
19HI99_04...

Page 8 52BH1B_46967008_46967008 (52BH18_46967008_46967008.abl), 52BH17_46966995_46966995 (52...

2871 2952
Cl2_seqg TGTTAGGCAGATTCCTTATCTGGTGACACACCCCCATTTCCTGGAGCCATCTCTCTCCTTGCCAGAACCTCTAAGGTTTGCT
52BH17_46... -
52BH18_46...
52BH16_46...
52BH10_46... ——————————m— o
43EH25 (4... ———— ————
S2BH11_46...
52BHE0_47...
19HIS9_04...

2953 3034

Clz_seq TACGATGGAGCCAGAGAGGATCCTGGGA TGGGAGGGAAGE

52BH17_46... e -—-
52BH18_46. .. e
52BH16_46...
S52BH10_46. .
43BH2S (4. .. == mmmm -
52BH11_46... mmmmmmmmmmmmmm e m e
52BH60_47... TACGATGGAGCCAGAGAGGATCCTGGGA
19HI99_04...

AGAGCTTGGCA TGGGAGGGAAGG

ATGCGTGACCTGCCCGGT

3035 3116
Cl2_seq TCTCAGTGGCCACCCTGCGCTACCCTCTCCCAGAACCTGAGCTGCTCTGACGCGECCGTCTGGTGCGTTTCACTGATCCTGG
52BH17_46...
52BH18_46...
52BH16_46... —————-—-——mmmmmmmmm oo =
52BH10_46. ..
43EH25 (4...
52BH11_46... ————————————mmmmmmmmm
52BHE0_47... TCTCAGTGGCCACCCTGCGCTACCCTCTCCCAGAACCTCAGCTGCTCTGACGCGGORGTCTGGTGCGTTTCACTGATCCTEG
19HI99_04...

3117 3198
Cl2_seq TGCTGCAGCTTCCTTACACTTCCCAAGAGGAGAAGCAGTTTGGAAAAACAAAATCAGAATAAGTTGGTCCTGAGTTCTAACT
52BHL7_46... - -

52BH1E_46... -—
52BH16_46...
52BH10_46. .. -
43EHZ5 (4... e e e e e ——
52BH11_46...
52BHE0_47... TGCTGCAGCTTCCTTACACTTCCCAAGAGGAGAAGCAGTTTGGARARACAAAATCAGAATAAGTTGGTCCTGAGTTCTAACT
19HISY 04 . . == mmm e -

3199 3280
Cl2_seqg TTGGCTCTTCACCTTITCTAGTCCCCAATTTATATTGTTCCTCCGTGCGTCAGTTTTACCTGTGAGATAAGGCCAGTAGCCAG
B2BHL T _46. .. oo
52BH18_46... —————————————
52BH16_46... m—— ——
52BH10_46...
43EH25 (4...
52BH1l _46... == e e e e e e e e e e e e e
52BH60_47... TTGGCTCTTCACCTTTCTAGTCCCCAATTTATATTGTTICCTCCGTGCGTCAGTTTTACCTGTGAGATAAGGCCAGTAGCCAG
19HI99_04...
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Page 9 52BH1B_46967008_46967008 (S2BH18_46967008_46967008.abl), S52BH17_46966995_46966395 (52.

Cl2_seq

52BH17_46
52BH18_46
52BH16_46
52BH10_46
43EH25 (4
52BH11_46
52BH60_47
19HI9S_04.

Cl2_seq

52BH17_46
52BH18_46
52BH16_46.
52BH10_46.
43EH25 (4.
52BH11_46.
52BH60_47.
19HI9S9_04.

Cl2_seq

52BH17_46.
52BH18_46
52BH16_46
52BH10_46
43EH25 (4
52BH11_46
52BH60_47
19HI9S_04.

3281 3362
CCCCGTCCTGGCAGGGCTGTGGTGAGGAGGGGGGTGTCCGTGTGGARAACTCCCTTTGTGAGRATGGTGCGTCCTAGGTGTT

CCCCGTCCTGGCAGGGCTGTGGTGAGGAGGGGGGTGTCCGTGTGGARAACTCCCTITGTGAGAATGGTGCGTCCTAGGTGTT
GGGGGTGTCCGTGTGGARAACTCCCTITGTGAGAATGGTGCGTCCTAGGTGTT

3363 3444
CACCAGGTCGTGGCCGCCTCTACTCCCTTICTCTTTCTCCATCCTTCTTTCCTTAAAGAGTCCCCAGTGCTATCTGGGACAT

CACCAGGTCGTGGCCGCCTCTACTCCCTTTCTCTTTCTCCATCCTTCTTTCCTTARAGAGTCCCCAGTGCTATCTGGGACAT
CACCAGGTCGTGGCCGCCTCTACTCCCTTTICTCTTTCTCCATCCTTCTTTCCTTARAGAGTCCCCAGTGCTATCTGGGACAT

3445 3526
ATTCCTCCGCCCAGAGCAGGGTCCCGCTTCCCTAAGGCCCTGCTCTGGGCTTCTGGGTTTGAGTCCTTGGCAAGCCCAGGAG

ATTCCTCCGCCCAGAGCAGGGTCCCGCTTCCCTAAGGCCCTGCTCTGGGCTTCTGGGTTTGAGTCCTTGGCAAGCCCAGGAG
ATTCCTCCGCCCAGAGCAGGGTCCCGCTTCCCTAAGGCCCTGCTCTGGGCTTCTGGGTTTGAGTCCTTGGCAAGCCCAGGAG

Cl2_seq

52BH17_46
52BH18_46.
52BH16_46.
52BH10_46.
43EH25 (4.
52BH11_46.
52BH60_47
19HT99_04

3527 3608
AGGCGCTICAGGCTTCCCTGTCCCCCTTCCTCGTCCACCATCTCATGCCCCTGGCTCTCCTGCCCCTTCCCTACAGGGGTTCC

AGGCGCTCAGGCTTCCCTGTCCCCCTTCCTCGTCCACCATCTCATGCCCCTGGCTCTCCTGCCCCTTCCCTACAGGGGTTCC
AGGCGCTCAGGCTTCCCTGTCCCCCTTCCTCGTCCACCATCTCATGCCCCTGGCTCTCCTGCCCCTTCCCTACAGGGGTTCT

Cl2_seq

52BH17_46.
52BH18_46.
52BH16_46.
52BH10_46
43EHZ5 (4
52BH11_46
52BHE0_47.
19HI9S_04.

3609 3690
TGGCTCTGCTCTTCAGACTGAGCCCCGTTCCCCTGCATCCCCGTTCCCCTGCATCCCCCTTCCCCTGCATCCCCCAGAGGCT

TGGCTCTGCTCTTCAGACTGAGCCCCGTTCCCCTGCATCCCCGTTCCCCTGCATCCCCCTTCCCCTGCATCCCCCAGAGGCT
TGGCTCTGCTCTTCAGACTGAGCCCCGTTCCCCTGCATCCCCGTTCCCCTGCATCCCCCTTCCCCTGCATCCCCCAGAGGCT

Page 10 52BH18_46967008_46967008 (52BH18_46967008_46967008.abl), 52BH17_46966995_46966995 (5.

Cl2_seq

52BH17_46.
52BH18_46.
52BH16_46.
S5ZBH10_46.
43EH25 (4.
52BH11_46.
S2BH60_47.
19HIS9_04.

3691 3772
CCAGGCCACCTACTTGGCCTGGACCCCACGAGAGGCCACCCCAGCCCTGTCTACCAGGCTGCCTITTGGGTGGATTCTCCTC

CCAGGCCACCTACTTGGCCT
CCAGGCCACCTACTTGGCCTGGACCCCACGAGAGGCCACCCCAGCCCTGTCTACCAGGCTGCCTTITTGGGTGGATTCTCCTC

tched bases

Isma

ts of integrated donor DNA in IMR90-4hPOMC-GLuc clone 4. Any m

ignmen

ing a

Sanger sequenci

Figure 123

are indicated in red (12 pages).
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6.4.12 IMR90-4 VAMP2-GLuc clone 11

Sanger sequencing alignment for IMR90-4 VAMP2-GLuc (11) donor DNA insertion.
Traces corresponding to dark red sequencing arrows depicted in Figure 65 in the Results section
Sanger sequencing of homozygote clones: CQA974: sequencing range #1, CQA975:
sequencing range #2, CQA976: sequencing range #3, CQA977: sequencing range #4, CQA965:
sequencing range #5, CQA966: sequencing range #6, CQA978: sequencing range #7, CQA979:
sequencing range #8 (10 pages).
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Page 1 VAMP2-GLuc_seguencing

VAMP2_TEV.
COA975_17.
CQA974_17.
CQAST7_17.
CQA976_17.
CQA966_17.
COA965_17.
COA9T8_17.
CQA979_17.

VAMPZ_TEV.
CQA975_17.
CQA9T4_17.
CQA9TT_17.
COA976_17.
COA966_17.
COA965_17.
CQA978_17.
CQA979_17.

VAMP2_TEV.
CQA975_17.
CQAS74_17.
COA977_17.
CQA976_17.
CQA966_17.
CQA965_17.
COR978_17.
CQA979_17.

VAMP2_TEV.
COA975_17.
COA974_17.
CQA9TT7_17.
CQA976_17.
CQR966_17.
CQA965_17.
CQA978_17.
COR9T9_17.

1 82
-=-TTCAGGTTCCGTCTTCCTCCACTCCCTCTTCCCCTTGCTCTCTGCTGTGTTGCTGCCCAAGGATGCTCTTTCCGGAGCA

TGCTGTGTTGCTGCCCAAGGATGCTCTTTCCGGAGCA

83 164
CTTCCTTCTCGGCGCTGCACCACGTGATGTCCTCTGAGCGGATCCTCCCCGTGTCTGGGTCCTCTCCGGGCATCTCTCCTCC

CTTCCTTCTCGGCGCTGCACCACGTGATGTCCTCTGAGCGGATCCTCCCCGTGTCTGGGTCCTCTCCGGGCATCTCTCCTCC

165 246
CTCACCCAACCCCATGCCGTCTTCACTCGCTGGGTTCCCTTTTCCTTCTCCTTCTGGGGCCTGTGCCATCTCTCGTITCTTA
-TCACCCAACCCCATGCCGTCTTCACTCGCTGGGTTCCCTTTTCCTTCTCCTTCTGGGGCCTGTGCCATCTCTCGTITCTTA
CTCACCCAACCCCATGCCGTCTTCACTCGCTGGGTTCCCTTTTCCTTCTCCTTCTGGGGCCTGTGCCATCTCTCGTITCTTA

247 328
GGATGGCCTTCTCCGACGGATGTCTCCCTTGCGTCCCGCCTCCCCTTCTTGTAGGCCTGCATCATCACCGTTITTCTGGACA
GGATGGCCTTCTCCGACGGATGTCTCCCTTGCGTCCCGCCTCCCCTTCTTGTAGGCCTGCATCATCACCGTTTTTCTGGACA
GGATGGCCTTCTCCGACGGATGTCTCCCTTGCGTCCCGCCTCCCCTTCTTGTAGGCCTGCATCATCACCGTTTTTCTGGACA

VAMP2_TEV.
COA975_17.
COA974_17.
CQA977_17.
CQA9TE_1T.
COR966_17.
COR965_17.
COR978_17.
COA9T9_17.

329 410
ACCCCAARGTACCCCGTCTICCCTGGCTTTAGCCACCTCTCCATCCTCTTIGCTTTCTTTIGCCTGGACACCCCGTITCTCCTGTG
ACCCCAAAGTACCCCGTCTCCCTGGCTTTAGCCACCTCTCCATCCTCTTGCTTTCTTTGCCTGGACACCCCGTTCTCCTGTG
ACCCCAAAGTACCCCGTCTCCCTGGCTTTAGCCACCTCTCCATCCTCTTGCTTTCTTTGCCTGGACACCCCGTITCTCCTGTG

Page 2 VAMP2-GLuc_sequencing

VAMP2_TEV.
CQA975_17.
CQA9T4_17.
COQA977_17.
CQA976_17.
CQARO6E_17.
CQA965_17.
CQA97B_17.
CQARO79_17.

411 492
GATTCGGGTCACCTCTCACTCCTTTCATTTGGGCAGCTCCCCTACCCCCCTTACCTCTCTAGTCTGTGCTAGCTCTTCCAGC
GATTCGGGTCACCTCTCACTCCTTTCATTTGGGCAGCTCCCCTACCCCCCTTACCTCTCTAGTCTGTGCTAGCTCTTCCAGC
GATTCGGGTCACCTCTCACTCCTTTCATTTGGGCAGCTCCCCTACCCCCCTTACCTCTCTAGTCTGTGCTAGCTCTTCCAGC

VAMP2_TEV.
CQAROT5_17.
CQA974_17.
CQA977_17.
CQA976_17.
CQR966_17.
CQA965_17.
CQA978_17.
CQA979_17.

493 574
CCCCTGTCATGGCATCTTCCAGGGGTCCGAGAGCTCAGCTAGTCTTCTTCCTCCAACCCGGGCCCCTATGTCCACTTCAGGA
CCCCTGTCATGGCATCTTCCAGGGGTCCGAGAGCTCAGCTAGTCTTCTTCCTCCAACCCGGGCCCCTATGTCCACTTCAGGA
CCCCTGTCATGGCATCTTCCAGGGGTCCGAGAGCTCAGCTAGTCTTCTTCCTCCAACCCGGGCCCCTATGTCCACTTCAGGA

VAMPZ_TEV.
CQA975_17.
CQA974_17.
CQAOTT_17.
CQA976_17.
CQA966_17.
CQA96E5_17.
CQA97TB_17.
CQAS79_17.

VAMP2_TEV.
CQA975_17.
CQAO74_17.
CQA977_17.
CQASTE_17.
CQA966_17.
CQA965_17.
CQA978_17.
CQA979_17.

575 656
CAGCATGTTTGCTGCCTCCAGGGATCCTGTGTCCCCGAGCTGGGACCACCTTATATTCCCAGGGCCGGTTAATGTGGCTCTG
CAGCATGTTTGCTGCCTCCAGGGATCCTGTGTCCCCGAGCTGGGACCACCTTATATTCCCAGGGCCGGTTAATGTGGCTCTG
CAGCATGTTTGCTGCCTCCAGGGATCCTGTGTCCCCGAGCTGGGACCACCTTATATTCCCAGGGCCGGTTAATGTGGCTCTG

657 738
GTTCTGGGTACTTITATCTGTCCCCTCCACCCCACAGTGGGGCAAGCTTCTGACCTCTTCTCTTCCTCCCACAGGGCCTCGA
GTTCTGGGTACTTTTATCTGTCCCCTCCACCCCACAGTGGGGCAAGCTTCTGACCTCTTCTCTTCCTCCCACAGGGCCTCGA
GTTCTGGGTACTTTTATCTGTCCCCTCCACCCCACAGTGGGGCARGCTTCTGACCTCTTCTCTTCCTCCCACAGGGCCTCGA

VAMP2_TEV.
CQA975_17.
COA974_17.
CQA977_17.
CQA976_17.
CQA9E6_17.
CQA965_17.
CQA978_17.
COA979_17.

739 820
GAGATCTGGCAGCGGAGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGAATCCCGGCCCTAGGCTCGAGATG
GAGATCTGGCAGCGGAGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGAATCCCGGCCCTAGGCTCGAGATG
GAGATCTGGCAGCGGAGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGARTCCCGGCCCTAGGCTCGAGATG
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Page 3 VAMPZ-GLuc_sequencing

B21 902
VAMPZ_TEV... ACCGAGTACAAGCCCACGGTGCGCCTCGCCACCCGCGACGACGTCCCCAGGGCCGTACGCACCCTCGCCGCCGCGTTCGCCG
CQA975_17... ACCGAGTACAAGCCCACGGTGCGCCTCGCCACCCGCGACGACGTCCCCAGGGCCGTACGCACCCTCGCCGCCGCGTTCGLCG
CQA974_17... ACCGAGTACAAGCCCACGGTGCGCCTCGCCACCCGCGACGACGTCCCCAGGGCCGTACGCACCCTCGCCGCCGCGTTCGCCG
COA977_17...
COAYT6_17...
CQA966_17.
CQA965_17.
CQA978_17.
CQAS79_17.

9203 984
. ACTACCCCGCCACGCGCCACACCGTCGATCCGGACCGCCACATCGAGCGGGTCACCGAGCTGCAAGAACTCTTCCTCACGCG
. ACTACCCCGCCACGCGCCACACCGTCGA:
. ACTACCCCGCCACGCGCCACACCGTCGATCCGGACCGCCACATCGAGCGGGTCACCGAGCTGCAAGAACTCTTCCTCACGCG

COA976_17... -
COA966_17. ..
CQA965_17
CQAR978_17
CQA979_17

985 1066
VAMP2_TEV... CGTCGGGCTCGACATCGGCAAGGTGTGGGTCGCGGACGACGGCGCCGCEGTGECGETCTGGACCACGCCGGAGAGCGTCGAA
CQA975_17...
CQA974_17... CGTCGGGCTCGACATCGGCAAGGTGTGGGTCGCGGACGACGGCGCCGCGGTGGCGETCTGGACCACGCCGGAGAGCGTCG——

COA965_17...
CQA978_17
CQA979_17

1067 1148
VAMP2_TEV... GCGGGGGCGGIGTTCGCCGAGATCGGCCCGCGCATGGCCGAGTTGAGCGGTTCCCGGCTGGCCGCGCAGCAACAGATGGAAG
COA975_17...
ORI T 17, ., e e e e e e e e e e e e e e e e e e e e e e e e e e
CQA977_17
CQA9T76_17
CQA966_17...
[ode X 1 T B e e e e
CQA978_17
CQA979_17

1149 1230
VAMP2_TEV... GCCTCCTGGCGCCGCACCGGCCCAAGGAGCCCGCGTGGTTCCTGGCCACCGTCGGCGTCTCGCCCGACCACCAGGGCAAGGG
CQA975_17...
COA974_17...
COR977_17.
CQA976_17
CQR966_17
CQA965_17...
CQA978_17...
CQA979_17...

Page 4 VAMP2-GLuc_sequencing

1231 1312
VAMP2_TEV... TCTGGGCAGCGCCGTCGTIGCTCCCCGGAGTGGAGGCGGCCGAGCGCGCCGGGETGCCCGCCTTCCTGGAGACCTCCGLGLCT
CQADTS 17 . .. m e e e e
CORTTd 17, .. == e e e
CQA977_17... -———
[ole7 X I 1 - R B e ——
COATEE _17. .. = e e e
CQOA965_17..
CQA978_17...
CQA979_17..

1313 1394
VAMP2_TEV... CGCAACCTCCCCTTCTACGAGCGGCTCGGCTTCACCGTCACCGCCGACGTCGAGGTGCCCGAAGGACCGCGCACCTGGTGCA
COATT S 17t m oo
CQA974_17.., —=——=——=——-— ———————————————
CQR977_17...
CQA976_17... ———==———= e e e e
CQA966_17...
QA6 17, ) m o e
CQA978_17...
CQA979_17... ——=—====== e

1395 1476
VAMPZ_TEV... TGACCCGCAAGCCCGGTGCCTGATCTAGAGGGCCCGTTTAAACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCC
CQAGTE 17 ... = m
CQA974_17... -——-—
CQA977_17..
CQA976_17...
CQA966_17... ———
CQA965_17... ———-
CQA978_17... -——-
CQA979_17... ——====——= e e e e e e e

1477 1558
VAMP2_TEV. .. ATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAA
CQRTTS_17. .. mm o o

CQA974_17..
CQA977_17..
CQA976_17..
CQA966_17..
CQA965_17..
CQA978_17...
CQR979_17... ————

1559 1640
VAMP2_TEV... ATTGCATCGCATTGICTGAGTAGGTGTCATTCTATTCTGGGGGGTGGEGTGGEGCAGGACAGCAAGGGGGAGGATTGGGAAG
COA975_17. .
COAITE 17,4, oo oo o o
CQA977_17... ATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGETGEEECAGEACAGCAAGGGGGAGGATTGGGAAG
L L T —,e-= rii
CQAIEE_L7. .. —mmm oo oo oo
COA965_17..., ---- e
CQA978_17... ———-
CQA979_17. .
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Page 5 VAMP2-GLuc_sequencing

1641 1722
. ACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGACTAGTctagtcaccaccggeccecttgatecttgteccacetgg

CQA978_17
CQA979_17..

1723 1804
. ccctggatcttgetggcaaaggtegecacagegttgeggecagecacttettgagecaggtcagaacactgecacgttggecaagee

CCCTGGATCTTGCTGGCAAAGGTCGCACAGCGTTGCGGCAGCCACTTCT TGAGCAGGTCAGAACACTGCACGT TGGCAAGCC
P e AAGGTCGCACAGCGTTGCGGCAGCCACTTCTTGAGCAGGTCAGAACACTGCACGT TGGCARGCC

CQA978_17
CQA979_17

1805 1886
VAMPZ_TEV... ctttgaggcagccagttgtgcagtccacacacagatcgacctgtgcgatgaactgctccatgggetcocaagtecttgaacce
CQA975_17
CQA974_17
CQAS77_17
CQA976_17
CQA966_17
CQA965_17
CQA978_17
CQA979_17

CTTTGAGGCAGCCAGTTGTGCAGTCCACACACAGATCGACCTGTGCGATGAACTGCTCCATGGGCTCCAAGTCCTTGAACCC
. CTTTGAGGCAGCCAGTTGTGCAGTCCACACACAGATCGACCTGTGCGATGAACTGCTCCATGGGCTCCAAGTCCTTGAACCC

1887 1968
VAMP2_TEV... aggaatctcaggaatgtcgacgatcgcctegectatgeccgecctgtgeggactetttgtegecttegtaggtgtggeagegt
CQAY975_17
COAYTE 17, ., == o e e e e e e e e e e e e e e e e e e e e e
CQA977_17 AGGAATCTCAGGAATGTCGACGATCGCCTCGCCTATGCCGCCCTGTGCGGACTCTTTIGTCGCCTTCGTAGGTGTGGCAGCGT
CQA976_17 AGGAATCTCAGGAATGTCGACGATCGCCTCGCCTATGCCGCCCTGTGCGGACTCTTTGTCGCCTTCGTAGGTGTGGCAGCGT
CQA966_17
CR G651, . . == e e e e e e e e
CQA978_17

1969 2050
VAMP2_TEV... cctgggatgaacttcttcatcttgggegtgecacttgatgtgggacaggcagatcagacagececctggtgeagecagetttee
COA975_17...
L2 1 2 T N H
CQRI9TT_17 CCTGGGATGAACTTCTTCATCTTGGGCGTGCACTTGATGTGGGACAGGCAGATCAGACAGCCCCTGGTGCAGCCAGCTTTCC
CQA976_17 CCTGGGATGAACTTCTTCATCTTGGGCGTGCACTTGATGTGGGACAGGCAGATCAGACAGCCCCTGGTGCAGCCAGCTTICC
CQA966_17
CORIE5_ 17, ——mmmmm e o e e e
CQA978_17

CQA9TI_17. ..

Page 6 VAMPZ-GLuc_sequencing

VAMP2_TEV.
CQR975_17.
CQA974_17.
CQA977_17.
COAR976_17.
CQA966_17.
CQA965_17.
CQA978B_17.
COA979_17.

VAMPZ2_TEV.
CQA975_17.
CQA974_17.
CQA977_17.
CQA976_17.
CQA966_17.
CQA965_17.
CQA9TB_17.
CQA979_17.

VAMP2_TEV.
CQA975_17.
CQA974_17.
CQA977_17.
CQA976_17.
COR966_17.
COA965_17.
CQA978_17.
CQA979_17.

VAMP2_TEV.
CQA975_17.
CQA974_17.
CQA977_17.
CQR9TE_17.
COR966_17.
CQA965_17.
CQA978_17.
CQAS79_17.

VAMP2_TEV.
CQR975_17.
CQA974_17.
COAS77_17.
CQA976_17.
CQA966_17.
CQA965_17.
CQA978_17.
CQA979_17.

2051 2132
.. gggcattggcttccatctctttgagcacctccagecggeagettecttgoecgggeaacttecccgeggtcagecatcgagatecegt

++ GGGCATTGGCTTCCATCTCTTTGAGCACCTCCAGCGGCAGCTTCTTGCCGGGCAACTTCCCGCGGTCAGCATCGAGATCCGT
. GGGCATTGGCTTCCATCTCTTTGAGCACCTCCAGCGGCAGCTTCTTGCCGGGCARCTTCCCGCGGTCAGCATCGAGATCCGT

2133 2214
. ggtcgcgaagttgctggccacggccacgatgttgaagtettegttgtteteggtgggettcat GAATTCTCCTTGARAATAT

. GGTCGCGAAGTTGCTGGCCACGGCCACGATGTTGAAGTCTICGTTGTTCTCGGTGGGCTTCATGAATTCTCCTTGAAARTAT
++ GGTCGCGAAGTTGCTGGCCACGGCCACGATGTTGAAGTCTTICGTTGTTCTCGGTGGGCTTCATGARTTCTCCTTGAAAATAT

2215 2296
++ ARAGTTTTCCTTAAGAGCGGTACCAGTGCTGAAGTAAACTATGATGATGATGAGGATGATGGCGCARATCACTCCCAAGATGA

. BAAGTTTTCCTTAAGAGCGGTACCAGTGCTGAAGTAAACTATGATGATGATGAGGATGATGGCGCAAATCACTCCCAAGATGA
. AAGTTTTCCTTAAGAGCGGTACCAGTGCTGAAGTAAACTATGATGATGATGAGGATGATGGCGCAAATCACTCCCAAGATGA

- AATCACTCCCAAGATGA

2297 2378
.. TCATCATCTTGAGGTTTITCCACCAGTATITGCGCTIGAGCTTGGCTGCGCTTGTTTCAAACTGGGAGGCCCCCGCCTGEAG

. TCATCATCTTGAGGTTTITCCACCAGTATITGCGCTTGAGCTTGGCTGCGCTTGTTTCAAACTGGGAGGCCCCCGCCTGGAG
. TCATCATCTTGAGGTITITCCACCAGTATITGCGCTIGAGCTTGGCTGCGCTTGTTTCAAACTGGGAGGCCCCCGCCTGGAG

++ TCATCATCTTGAGGTTTTITCCACCAGTATITGCGCTTGAGCTTGGCTGCGCTTGTTTCAAACTGGGAGGCCCCCGCCTGGAG

2379 2460
.. TGCATCTGCACGGTCGTCCAGCTCCGACAGCTTCTGGTCTCGCTCCAGGACCTTGTCCACGTTCACCCTCATGATGTCCACC

. TGCATCTGCACGGTCGTCCAGCTCCGACAGCTTCTGGTCTCGCTCCAGGACCTTGTCCACGTTCACCCTCATGATGTCCACC
. TGCATCTGCACGGTCGTCCAGCTCCGACAGCTTCTGGTCTCGCTCCAGGACCTTGTCCACGTTCACCCTCATGATGTCCACC
a CGGTCGTCCAGCTCCGACAGCTTCTGGTCTCGCTCCAGGACCTTGTCCACGTTCACCCTCATGATGTCCACC
.. TGCATCTGCACGGTCGTCCAGCTCCGACAGCTTCTGGTCTCGCTCCAGGACCTTGTCCACGTTCACCCTCATGATGTCCACC
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Page 7 VAMP2-GLuc_sequencing

2461 2542
VAMP2_TEV... ACCTCATCCACCTGGGCCTGGGTCTGCTGCAGTCTCCTGTTACTGGTGAGGT TTGGA! TGCAGGGGGACCACCCTCCC
CQA975_17...
CQAITA_17... ==—=m=m—mmmmmmmmm e

CQA977_17... ACCTCATCCACCTGGGCCTGGGTCTGCTGCAGTCTCCTGTTACTGGTGAGGTTTGGAGGGGGTGCAGGGGGACCACCCTCCC
CQA976_17... ACCTCATCCACCTGGGCCTGGGTCTGCTGCAGTCTCCTGTTACTGGTGAGGTTT TGCAGGGGGACCACCCTCCC
CQA966_17 . ACCTCATCCACCTGGGCCTGGGTCTGCTGCAGTCTCCTGTTACTGGTGAGGTTT TGCAGGGGGACCACCCTCCC
CQA%65_17... ACCTCATCCACCTGGGCCTGGGTCTGCTGCAGTCTCCTGTTACTGGTGAGGT TTGGAGGGGGTGCAGGGGGACCACCCTCCT
CQA978_17... --—- -- --

CQAS79_17

2543 2624
VAMPZ_TEV... CAGCCGGEGCAGCAGGEGGEGCCETGECAGCCETAGCAGACATYgtggTTAATTAAGATCTGTAACGGCGCAGARCAGAAAR
CQA975_17,.. --------- - --

CQA974_17... ———-
CQA977_17... CAGCC

CQAS76_17... CAGCCEGGGCAGCAGGEEGGECCETGGCAGCEGETAGCAGACATGETGGTTAATTAAGATCTGTAACGGCGCAGAACAGAARR
COA966_17... CAGCCCGGGCAGCAGGGEGGECCETGGCACCEETAGCACACATGETGCTTAATTAAGATCTGTAACGGCGCAGAACAGAARR
COM965_17... CAGCCGGGGCAGCAGGGEGGECCETGGCAGCGETAGCAGACATGGTGGTTAATTAAGATCTGTAACGGCGCAGAACAGAARA
COA978_17... ———- -

CQA979_17...

2625 2706
VAMP2_TEV... CGARACAAAGACGTAGAGTTGAGCAAGCAGGGTCAGGCAAAGCGTGGAGAGCCGGCTGAGTCTAGGTAGGCTCCAAGGGAGT
COAITE_17. .. ==mmmm e e e e e - -
CQAST4_17... --—-
CORSTT_17...
CQA976_17... CGAAACARAGACGTAGAGTTGAGCAAGCAGGGTCAGGCAAAGCGTGGAGAGCCGGCTGAGTCTAGGTAGGCTCCAAGGGAGC
CQA966_17... CGARACAARAGACGTAGAGTTGAGCAAGCAGGGTCAGGCARAGCGTGGAGAGCCGGCTGAGTCTAGGTAGGCTCCARGGGAGT
CQA965_17... CGAAACAAAGACGTAGAGTTGAGCAAGCAGGGTCAGGCAAAGCGTGGAGAGCCGGCTGAGTCTAGGTAGGCTCCARGGGAGT
CQASTEB_17... --—-
CORSTY_17...

2707 2788
VAMP2_TEV... GCCGGACAAAGGCCCGGTCTCGACCTGAGCTTTAAACTTACCTAGACGGCGGACGCAGTTCAGGAGGCACCACAGGCGGGAG
Lode X L B e e e
CQA974_17... -——-
CQA977_17...

CQAS76_17... GCCGGACAARGGCCCGGTCTCGACCTGAGCTTTAAACTTACCTAGACGGCGGACGCAGTTCAGGAGGCACCACAGG-—-——-
COA966_17... GCCGGACAAAGGCCCGGTCTCGACCTGAGCTTTAAACTTACCTAGACGGCGGACGCAGTTCAGGAGGCACCACAGGCGGGAG
COA965_17... GCCGGACAAAGGCCCGGTCTCGACCTGAGCT TTARACTTACCTAGACGGCGGACGCAGTTCAGGAGGCACCACAGGCGGGAG
COA978_17
CQA979_17

2789 2870
VAMP2_TEV... GCGGCAGAACGCGACTCAACCGGCGTGGATGGCGGCCTCAGGTAGGGCGGCGGGCGCGTGARGGAGAGATGCGAGCCCCTCG
CQA975_17... ---- - e m e -- --
CQA974_17... ----
CQA977_17...
CQR976_17... ===m==mmmmmm—————— e
CQR966_17... GCGGCAGAACGCGACTCARCCGGCGTGGATGGCGGCCTCAGGTAGGGCGGCGGGCGCGTGARGGAGAGATGCGAGCCCCTCG
CQA965_17... GCGGCAGAACGCGACTCAACCGGCGTGGATGGCGGCCTCAGGTAGGGCGGCGGGCGCGTGAAGGAGAGATGCGAGCCCCTCG
CQA978_17... --—-

CQA979_17...

Page 8 VAMP2-GLuc_sequencing

2871 2952
VAMPZ_TEV... AAGCTTCAGCTGTGTTCTGGCGGCAAACCCGTTGCGAAAARGAACGTTCACGGCGACTACTGCACTTATATACGGTTCTCCC
CQA975_17...
QRO T 1. .. = e e e e e e e e e e e e e e e e o o o o o
CQA977_17...
CQAROTE_17... ——————— e mm -— e

CQA966_17... AAGCTTCAGCTGTGTTCTGGCGGCAAACCCGTTGCGAAAAAGAACGTTCACGGCGACTACTGCACTTATATACGGTTCTCCC
CQA965_17... AAGCTTCAGCTGTGTTCTGGCGGCAAACCCGTTGCGAAAAAGAACGTTCACGGCGACTACTGCACTTATATACGGTTCTCCC
CQA978_17...

CQR979_17... ————— — -
2953 3034

VAMPZ_TEV... CCACCCTCGGGAAAAAGGCGGAGCCAGTACACGACATCACTTTCCCAGTTTACCCCGCGCCACCTTCTCTAGGCACCGGTTC

CQAS75_17...

CORITA_L17. .. === e o e e o e e e e e e e e e e e

CQAITT_17... —=-—-

COA976_17... —=--—m

CQAR966_17... CCACCCTCGGGAAAAAGGCGGAGCCAGTACACGACATCACTTTCCCAGTTTACCCCGCGCCACCTTCTCTAGGCACCGGTTC

CQA965_17... CCACCCTCGGGAAAAAGGCGGAGCCAGTACACGACATCACTTTCCCAGTTTACCCCGCGCCACCTTCTCTAGGCACCGGTTC

CQA978_17... —--—-— TC

CQA9T Y 17, .. —m oo e e e ——m—————

3035 3116
VAMP2_TEV... AATTGCCGACCCCTCCCCCCAACTICTCGGGGACTGTGGGCGATGTGCGCTICTIGCCCACTGACGTCGACAGTACTAAGCTTT
CQA975_17...
CQA974_17... ————-
etV 2 J
CQA976_17...

CQA966_17... AATTGCCGACCCCTCCCCCCAACTTCTCGGGGACTGTGGGCGATGTGCGCTCTGCCCACTGACGTCGACAGTACTARGCTTT
CQA965_17. .. AATTGCCGACCCCTCCCCCCAACTICTCGG
CQA978_17... AATTGCCGACCCCTCCCCCCAACTICTCGGGEACTGTGGGCGATGTGCGCTCTGCCCACTGACGTCGACAGTACTARGCTTT
L L B B A i, A L. N, - :

3117 3198
VAMP2_TEV, .. GACAGAAARGCCCCATCCTTAGGCCTCCTCCTTCCTAGTCTCCTGATATTGGGTCTAACCCCCACCTCCTGTTAGGCAGATT
CQA975_17. ..
CQA974_17..
CQAITT_17... ———mmmmmmmmmmmm e -—- -- --
CQAS76_17. ..
CQA966_17... GACAGAAAAGCCCCATCCTTAGGCCTCCTCCTTCCTAGTCTCCTGATATTGGGTCTAACCCCCACCTCCTGTTAGGCAGATT
CQA965_17... ————— -
CQA978_17... GACAGAAAAGCCCCATCCTTAGGCCTCCTCCTTCCTAGTCTCCTGATATTGGGTCTAACCCCCACCTCCTGTTAGGCAGATT
CQA979_17... ————— - ACCTCCTGTTAGGCAGATT

3199 3280
VAMP2_TEV... CCTTATCTGGTGACACACCCCCATTTCCTGGAGCCATCTCTCTCCTTGCCAGAACCTCTAAGGTTTGCTTACGATGGAGCCA
CQA975_17... ————-
CQA974_17...
CQA977_17,.. ———--
CQA976_17. ..
CQA966_17... CCTTATCTGGTGACACACCCCCATTTCCTGGAGCCATCTCTCTCCTTGCCAGA:
CQAIES_17... ———m——mmmmmmmmmmmmm e -—- -- -- -- -
CQA978_17... CCTTATCTGGTGACACACCCCCATTTCCTGGAGCCATCTCTCTCCTTGCCAGAACCTCTAAGGTTTCCTTACGATGGAGCCA
CQA979_17... CCTTATCTGGIGACACACCCCCATTTCCTGGAGCCATCTCTCTCCTTGCCAGAACCTCTAAGGT TTGCTTACGATGGAGCCA
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Page 9 VAMP2-GLuc_sequencing

3281 3362
VAMP2_TEV GAGAGGATCCTGGGAGGGAGAGC T TGGCAGGGGETGEGAGGGAAGEGGEGGATGCGTGACCTGCCCGGTTCTCAGTGGCCAC
CQA975_17
CQA974_17.
CQRITT 170ty e
CQA976_17
CQA9EE_17
COR965_17
CQA978_17
CQA979_17

GAGAGGATCCTGGGAGGGAGAGCTTG
GAGAGGATCCTGGGAGGGAGAGCTTGGCAGGGGGTCGGAGGGAAGGGGGGGATGCGTGACCTGCCCGGTTCTCAGTGGCCAC

3363 3444
VAMP2_TEV.
CQA975_17.

CORIE5 17, =

CQA9TE_17

CQA979_17 . CCTGCGCTACCCTCTCCCAGAACCTGAGCTGCTCTGACGCGGORGTCTGGTGCGTTTCACTGATCCTGGTGCTGCAGCTTCC
3445 3526

TTACACTTCCCAAGAGGAGAAGCAGTTTGGAARRACAAAATCAGAATAAGT TGGTCCTGAGTTCTAACTTTGGCTCTTCACC

COA974_17
CQA977_17.
CQAY76_17.
CQa966_17
CQR965_17
cQoag78_17
CQA979_17

3527 3608
VAMPZ_TEV... TTTCTAGTCCCCAATTTATATTGTTCCTCCGTGCGTCAGTTTTACCTGTGAGATAAGGCCAGTAGCCAGCCCCGTCCTGGCA

CQA966_17.
COA965_17.
CQA978_17
CQAY79_17

TTTCTAGTCCCCAATTTATATTGTTCCTCCGTGCGTCAGTTTTACCTGTGAGATAAGGCCAGTAGCCAGCCCCGTCCTGGCA

3609 3690
VAMP2_TEV. .. GGGCTGTGGTGAGGAGGGGGGTGTCCGTGTGGAAAACTCCCTTTGTGAGAATGGTGCGTCCTAGGTGTTCACCAGGTCGTGG
COA975_17.
COA974_17.
CQA977_17
CQA976_17
CQA9E6_17
CQA965_17.
CQAYTE_17. .. ———— e
CQA979_17..

Page 10 VAMP2-GLuc_sequencing

3691 3772
VAMP2_TEV... CCGCCTCTACTCCCTTTCTCTTTCICCATCCTTCTTTCCTTAAAGAGTCCCCAGTGCTATCTGGGACATATTCCTCCGCCCA
CQAS75_17. ..
COA974_17... -
COA977_17.
CQA976_17.
CQA966_17.
CQA965_17...
CQA978_17...
CQA979_17... CCGCCTCTACTCCCTTTCTCTTTCTCCATCCTTCTTTCCTTARAGAGTCCCCAGTGCTATCTGGGACATATTCCTCCGCCCA

3773 3854
VAMPZ_TEV... GAGCAGGGTCCCGCTTCCCTAAGGCCCTGCTCTGGGCTTCTGGGTTTGAGTCCTTGGCAAGCCCAGGAGAGGCGCTCAGGCT
COA975_17.
CQA974_17.
CQA97T_17.
CQA9TE_17.
CQA966_17.
CQA965_17.
COA978_17...
CQA979_17... GAGCAGGGTCCCGCTTCCCTAAGGCCCTGCTCTGGECTTCTGGGTTTGAGTCCTTGGCARGCCCAGGAGAGGCGCTCAGGCT

3855 3936
VAMP2_TEV.
CQA975_17.
CQA974_17.
CQA97T_17...
CQA976_17. ..
CQAR966_17... - - - ———— - ————
CQA965_17. ..
CQA978_17.
CQA979_17... TCCCTGTCCCCCTTCCTCGTCCACCATCTCATGCCCCTGGCTCTCCTGCCCCTTCCCTACAGGGGTTCCTGGCTCTGCTCTT

3937 4018
VAMP2_TEV.
COA975_17.
CQR974_17.
CQA977_17.
CQA9TE_17. ..
CQA966_17. ..
COA965_17.,, ——-—-—-——— -
COA978_17.
CQR979_17.
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4019 4087
VAMPZ_TEV... TTGGCCTGGACCCCACGAGAGGCCACCCCAGCCCTGTCTACCAGGCTGCCTTTTGGETGGATTCTCCTC
CQA975_17.
CQA974_17.
CQA97T_17...
CQA976_17.
CQR966_17.
CQR965_17.
CQA978_17.
CQA979_17...

ts of integrated donor DNA in IMR90-4 VAMP2-GLuc clone 11. Any mismatched

ignmen

ing a
bases are indicated in red (10 pages).

Sanger sequenci

Figure 124
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6.5 Insert confirmation optimization

In order to find the best annealing temperature with which to run the insert confirmation
PCR, a temperature gradient was run with a range of annealing temperatures from 63 to 53 °C
and several primer combinations. The PCR products amplified with the following primer pairs
were run on an agarose gel: A) Fper 5’ofHA + AAVSIxHA R2, B) Fpcr 5’ofHA +
AAVSIxHA R3, C) 5’ProbeWT F+ AAVSIXxHA R2, D) 5’ProbeWT F + AAVSIXxHA R3
(Figure 125). Those samples labeled with upper-case letters were amplified from non-
transfected SIMA gDNA, with an expected product size of approximately 1600 bp. Those
samples labeled with lower-case letters were amplified from SIMA hPOMC-GLuc clone 5 with
an expected insertion at the AAVSL1 safe harbor locus, increasing the expected product size to
approximately 3700 bp. Unexpectedly, there was no amplified product from neither gDNA

source nor any primer combination.

o hed
-

Lo

Figure 125: Temperature gradient of primer pairs designed to amplify integrated donor DNA region, including the homology
arm sequence. Primer pairs: A) Fpcr 5'ofHA + AAVSIxHA R2, B) Fpcr 5°ofHA + AAVSIxHA R3, C) 5’ ProbeWT F +
AAVSIxHA _R2, D) 5’ProbeWT F + AAVSIxHA R3. Areas marked in upper-case letters amplified with non-transfected SIMA
gDNA, areas marked in lower-case letters amplified with SIMA hPOMC-GLuc clone 5 gDNA with expected insert.

In order to troubleshoot the problems with the WT AAVS1 safe harbor locus PCR
amplification, the positive control homology arm primers (Fpcr-803 and Rpcr-wt-183) from a
previously published optimization of CRISPR/Cas9 cloning’ were tested. The expected
product size of WT gDNA when amplifying with these primers was 1400 bp. The products of
this PCR, run using the standard thermocycling program can be seen in the agarose gel A

(Figure 126). The same master mix was also run using the thermocycling program
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recommended by Oceguera et al’® and the products were separated on an agarose gel seen in

segment B (Figure 126). Neither thermocycling program successfully amplified the area around

the AAVSL1 safe harbor locus.

- A
——
3000bp —  [E—_—_
———
2000bp — —— 3000bp —
1031 bp — ZDODbp—
! 1031bp —
—

Figure 126: PCR for insert confirmation using primers FPCR-803 + Rpcr-wt-183, primers used in Oceguera et al’* to confirm
insertion of donor DNA at AAVS1 safe harbor locus. WT product expected at 1400bp. Gel A) amplification of non-transfected
SIMA gDNA using standard cycling program. Gel B) amplification of non-transfected SIMA gDNA using cycling program
from Oceguera et al, with the following changes from standard: 10 second denaturation and 1 minute elongation steps.

Troubleshooting was continued with the Oceguera primers, however no product could
be amplified with DMSO or without DMSO, corresponding respectively to the A and B labels
(Figure 127). There was also no difference in amplification whether the PCR was run with an

annealing temperature at 53 °C or 62 °C.

62A 62B

3000bp —
2000bp —

1031bp —

Figure 127: Modified PCR for insert confirmation using primers FPCR-803 + Rpcr-wt-183, primers used in Oceguera et al
to confirm insertion of donor DNA at AAVS1 safe harbor locus. WT product expected at 1400bp. The annealing step of the
PCR was run at either 53°C or 62°C with standard master mix (A with DMSO or B without DMSO). No product was detected

with any protocol.

Troubleshooting of the AAVS1 safe harbor locus amplification continued by testing a
wide ranging annealing temperature gradient from 72 — 48 °C with the Oceguera primers
including DMSO (A) and excluding DMSO (B) in gDNA from non-transfected SIMA cells
(Figure 128). A new reverse primer was included in the middle gel panel: Rpcr-wt-3’HA was

found in the middle of the right homology arm sequence (panels C and D). In combination with
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the previously tested Fpcr-5’ofHA primer, PCR products of various sizes were amplified both
with (C) and without (D) DMSO. The correct WT amplification size for this primer pair was
850 bp. The two highest annealing temperatures in combination with the master mix including
DMSO produced specific products at 850 bp. This protocol was next used to amplify both
gDNA from non transfected SIMA cells (E) and gDNA from SIMA hPOMC-GLuc clone 5 (F)
in a temperature gradient with annealing temperatures ranging from 72 — 55 °C. The highest
annealing temperatures once again produced specific products at 850 bp with the non-
transfected SIMA gDNA (E). At the highest annealing temperatures with the SIMA hPOMC-
GLuc gDNA, an additional band was amplified at 3000 bp, exactly the size of the product
including the hPOMC-GLuc donor DNA. Interestingly, the WT band at 850 bp was also still
amplified in the clone DNA. This indicates that there was probably one WT allele in this clone
as well as one allele in which the donor DNA has successfully integrated, making it a

homozygous clone (Figure 128).

Figure 128: Series of temperature gradient PCRs to troubleshoot insert confirmation amplification. Temperature gradient PCR
(72-48°C) PCR for primers FPCR-803 + Rpcr-wt-183, primers used in Oceguera et al. WT product expected at 1400bp. The
standard master mix prepared with (A) and without (B) DMSO. Temperature gradient using new primers Fpcr-5'ofHA + Rpcr-
Wt-3'HA with the expected WT product size of 850bp, the standard master mix prepared with (C) and without DMSO (D).
Temperature gradient (72-55°C) using primers 5’Probe_F + Rpcr-wt-3’HA and standard master mix with DMSO. E) non-
transfected SIMA gDNA, F) SIMA hPOMC-GLuc clone 5 with putative insert (expected band at 3000bp).

The insert confirmation protocol was further optimized by using the Phusion
polymerase in place of the DreamTAQ polymerase. These optimization steps resulted in a more
precise and specific amplification of the insert (wells 1-5 and 7) and the WT/insert pair as seen
in well 6 (Figure 129).
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4000bp
3000bp

2000bp

1031bp

Figure 129: Optimization of the insert confirmation PCR with 5’Probe F + Rpcr-wt-3’HA primers with various clones used
in this project. Optimization of the protocol was completed with the standard Phusion master mix and cycling on the Bio-Rad
thermal cyclers, resulting in a more precise and specific insert and insert/WT band combination.

6.6 Optimization - Analysis of off-target integration events

e Southern blot
e Ligation-mediated PCR

6.6.1 Southern blot

Test blots

The first Southern blot test was run with the SIMA Random-Insertion_hPOMC1-
26GLucprototype clone gDNA and gDNA from SIMA hPOMC-GLuc clone 2. Each gDNA
sample was digested with Hindlll and Vspl, with expected digested DNA fragment sizes in the
SIMA hPOMC-GLuc sample of 1.8 kbp and 36 kbp, respectively. The membrane was
hybridized with the GLucF1R1 probe at 60 °C. Despite running the gel overnight for 15 hours,
the separation of the larger DNA fragments was not great enough to make Vspl a useful
restriction enzyme to use in this test. The largest fragment in the DNA ladder was at 21 kbp and
it migrated the same distance as all the largest DNA fragments (Figure 130). Absolutely no
band was seen in either digestion of the prototype (lanes 2A and 2B). However, a faint band
was seen at the expected size of hPOMC-GLuc digested with Hindll1 (in lane 2A) as indicated
by the white arrow. Another faint band can be seen at approximately 10 kbp when SIMA
hPOMC-GLuc was digested with Vspl (lane 2B). This would be an unexpected product,
however, since the Vspl digestion was expected to lay above the 21 kbp marker, as indicated
by the second white arrow (Figure 130).
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1A 1B 2A° 2B
21kbp

L =
Skbp .t’
1 ]

4.2kbp
3.5kbp

2kbp
1.6kbp
1.3kbp

1 .

950bp

Figure 130: Southern blot with GLuc-F1R1 probe (510 bp) at 60 °C. 1 = SIMA Random-Insertion_hPOMC1-26GLuc prototype
gDNA, 2 = SIMAhPOMC-GLuc gDNA, A = HindlIl digestion, B = Vspl digestion. Expected product sizes indicated with white
arrows at 36 kbp and 1.8 kbp.

Due to the large size of the Vspl digested fragment, this restriction enzyme was no
longer used in future Southern blot digestions. Instead, the enzymes Bgll and EcoRI were added
to the test, which were expected to produce fragment sizes of 1.5 kbp and 10.3 kbp,
respectively. A new gel was run, once again with the SIMA Random-Insertion_hPOMC1-
26GLuc prototype gDNA, as well as with non-transfected SIMA gDNA and two different
SIMA hPOMC-GLuc gDNA digests. gDNA digests were labelled as non-transfected DNA
(WT), SIMA Random-Insertion_hPOMC1-26GLuc prototype DNA (1), SIMA hPOMC-GLuc
clone 14 (2), SIMA hPOMC-GLuc clone 29 (3), and plasmid (PI) (Figure 131). Restriction
enzymes used to digest the gDNA were labelled as: Bgll (A), EcoRI (B), Hindlll (C). White
arrows indicate the expected sizes of the digested hPOMC-GLuc fragments. The membrane
was hybridized with the GLucF2R2 probe (which is 395 bp long) at 48 °C. As expected, no
band was detected in the WT lane. Once again, absolutely no band was detected in the SIMA
prototype digests. Very faint bands were also seen in the SIMA hPOMC-GLuc clone 14
digestion (2), this time all three different restriction enzyme digestions were at the expected
size. The second SIMA hPOMC-GLuc clone digestions (clone 29, lanes labelled 3) had
extremely strong bands at the expected sizes as well as multiple unexpected bands at multiple
sizes for each digest. The cut plasmid was included in this gel, which was stained with a strong
band at 6.6 kbp, as expected (Figure 131).
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Figure 131: Southern blot with GLuc-F2R2 probe at 48 °C. WT = non-transfected SIMA gDNA, 1= SIMA Random-
Insertion_hPOMC1-26GLuc prototype gDNA, 2 = SIMA hPOMC-GLuc clone 14 gDNA, 3 = SIMA hPOMC-GLuc clone 29
gDNA, A = Bgll digestion (1.5 kbp), B = EcoRlI digestion (10.3 kbp), C = HindlII digestion (1.8 kbp). Expected product sizes
indicated with white arrows.

Modifications to probe size, annealing temperature, and stringency wash temperature

Minor changes in probe visualization could be seen when the hybridization temperature
is changed. The membrane was hybridized with the GLucF2R2 probe at 52 °C rather than 48 °C
and the intensity of the bands is quite similar, but the background signal of the membrane is
much higher (Figure 132).

Figure 132: Southern blot with GLuc-F2R2 probe at 52 °C. WT = non-transfected SIMA gDNA, 1= SIMA Random-
Insertion_hPOMC1-26GLuc prototype gDNA, 2 = SIMA hPOMC-GLuc clone 14 gDNA, 3 = SIMA hPOMC-GLuc clone 29
gDNA, A = Bgll digestion (1.5 kbp), B = EcoRlI digestion (10.3 kbp), C = HindlII digestion (1.8 kbp). Expected product sizes
indicated with white arrows.

A similar pattern of bands was seen on the membrane hybridized with the probe
GLucF2R4, which is 221 bp long, at 53 °C (Figure 133). However the bands were even fainter
than those hybridized with GLucF2R2 (Figure 131 and Figure 132). The use of this smaller
probe improved neither the quality nor the utility of this detection method.
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Figure 133: Southern blot with GLuc-F2R4 probe at 53 °C. WT = non-transfected SIMA gDNA, 1= SIMA Random-
Insertion_hPOMC1-26GLuc prototype gDNA, 2 = SIMA hPOMC-GLuc clone 14 gDNA, 3 = SIMA hPOMC-GLuc clone 29
gDNA, A = Bgll digestion (1.5 kbp), B = EcoRI digestion (10.3 kbp), C = HindlII digestion (1.8 kbp). Expected product sizes

indicated with white arrows.
The same membrane was hybridized with the GLuUcF3R3 probe, which is 145 bp long,
at 49 °C (Figure 134). Once again, the intensity of the bands detected with the even smaller

probe GLuUcF3R3 was too faint to make this a reliable method.

Figure 134: Southern blot with GLuc-F3R3 probe at 49 °C. WT = non-transfected SIMA gDNA, 1= SIMA Random-
Insertion_hPOMC1-26GLuc prototype gDNA, 2 = SIMA hPOMC-GLuc clone 14 gDNA, 3 = SIMA hPOMC-GLuc clone 29
gDNA, A = Bgll digestion (1.5 kbp), B = EcoRI digestion (10.3 kbp), C = HindlIl digestion (1.8 kbp). Expected product sizes

indicated with white arrows.

The probe GLucF3R4, which is 299 bp long, was used for hybridization at 50 °C (Figure
135). The size of this probe was also smaller than the original GLucF2R2 probe and the bands
of the first APOMC-GLuc clone were too faint to reliably identify.
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Figure 135: Southern blot with GLuc-F3R4 probe at 50 °C. WT = non-transfected SIMA gDNA, 1= SIMA Random-
Insertion_hPOMC1-26GLuc prototype gDNA, 2 = SIMA hPOMC-GLuc clone 14 gDNA, 3 = SIMA hPOMC-GLuc clone 29
gDNA, A = Bgll digestion (1.5 kbp), B = EcoRI digestion (10.3 kbp), C = HindlII digestion (1.8 kbp). Expected product sizes
indicated with white arrows.

A hybridization at 58 °C with the puromycin probe, which detects the puromycin
resistance sequence in the donor DNA, had a similar pattern as the smaller GLuc probes (Figure
136). There were absolutely no bands seen for the SIMA Random-Insertion_ hPOMC1-26GLuc
prototype DNA, the bands in the hPOMC-GLuc clone 14 digests were barely visible, and the
bands in the hPOMC-GLuc clone 29 digests were strong and occur at many different sizes.
With this probe it was more evident that the EcoRI digest in the second hPOMC-GLuc clone
(lane 3B) did not have the expected 10.3 kbp band, which was surprising, since the bands at the
expected sizes of Bgll (1.5 kbp) and Hindlll (1.8 kbp) were so intense.

WT 1A B IC 2A 2B 2C 3A 3B 3C P

3 o Stk ok, I
i ekl
—> i . - : 25 L. —
Skbp . : -
4.2kbp £ . i = :
p . .‘ | | | . | 3 .
g » Al s

21kbp

2kbp, " ,‘ :
1,6kbp % ;
1,3kbp .

950bp

Figure 136: Southern blot with puromycin probe at 58 °C. WT = non-transfected SIMA gDNA, 1= SIMA Random-
Insertion_hPOMC1-26GLuc prototype gDNA, 2 = SIMA hPOMC-GLuc clone 14 gDNA, 3 = SIMA hPOMC-GLuc clone 29
gDNA, A = Bgll digestion (1.5 kbp), B = EcoRI digestion (10.3 kbp), C = HindlII digestion (1.8 kbp). Expected product sizes
indicated with white arrows.

A hybridization was carried out with a newly digested gDNA of three different SIMA
hPOMC-GLuc clones transferred to a new membrane, in order to determine if the problem with
the faint bands was due to the test method or due to the clone. The digested gDNA layout in the
new blot was as follows: non-transfected SIMA gDNA (WT), SIMA hPOMC-GLuc clone 18
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(1), SIMA hPOMC-GLuc clone 19 (2), SIMA hPOMC-GLuc clone 23 (3), and plasmid (PI).
Restriction enzymes used to digest the gDNA were labelled as: Bgll (A), EcoRI (B), HindllI
(C). The samples 3C and 2C were pipetted out of order, so the labels were highlighted in red.
Among other experimental conditions, a hybridization at 50 °C of a probe that binds to the Ef1-
HTLV promoter was tested with this membrane. In the digests of all the hPOMC-GLuc clones,
very faint bands were seen at the expected sizes of the EcoRI and Hindl1l digestions. However,
in the first clone no band was seen in the Bgll digestion, and the second and third clones
appeared to have the faint band at around 6.6 kbp as opposed to the expected 1.5 kbp (Figure
137).

Figure 137: Southern blot with Efla-HTLV probe at 50 °C. WT = non-transfected SIMA DNA, 1 = SIMA hPOMC-GLuc clone
18, 2 = SIMA hPOMC-GLuc clone 19, 3 = SIMA hPOMC-GLuc clone 23, PI = plasmid (PI), A = Bgll digestion (1.5 kbp),
B = EcoRl digestion (10.3 kbp), C = HindlIII digestion (1.8 kbp). Expected product sizes indicated with white arrows.

The membrane of Figure 138 was partially cut off due to the extreme overexposure of
the right half of the membrane. This blot was prepared in order to test the Roche membrane.
The digested gDNA layout was as follows: SIMA hPOMC-GLuc clone 18 (1), SIMA hPOMC-
GLuc clone 19 (2), Bgll digestion (A), EcoRlI digestion (B), Hindlll digestion (C). The use of
the probe detecting only the HTLV segment of the promoter, hybridized at 50 °C, did not result
in any bands of the expected sizes. Furthermore the use of the more sensitive CSD star detection
reagent appeared to have increased the background of the blot, rather than the sensitivity to
detect the probed DNA fragments (Figure 138).
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Figure 138: Southern blot with HTLV probe at 50 °C, Roche membrane, CSDstar detection solution. 1 = SIMA hPOMC-GLuc
clone 18, 2 = SIMA hPOMC-GLuc clone 19, A = Bgll digestion (1.5 kbp), B = EcoRI digestion (10.3 kbp), C = HindlIII
digestion (1.8 kbp). Expected product sizes indicated with white arrows.

Despite a great deal of testing, optimization, and troubleshooting, it was unfortunately
impossible to develop a reliable and robust working protocol to use a DIG-based Southern blot
system to detect on-target and possible off-target integrations of donor DNA in genetically

modified clones.

6.6.2 Ligation-mediated PCR

Expected PCR products can be deduced from the genomic sequence surrounding the
AAVS1 safe harbor locus. If the digestion and ligation of the adapters had been successful, then
the smallest expected PCR product from the Hindlll digestion/ligation would be at 3500 bp,
from the BspHI digestion/ligation at 7000 bp, and from the Asel digestion/ligation at 9000 bp.
A standard temperature gradient PCR protocol was run in order to find any possible annealing
temperatures which might correctly amplify any product from the ligation reaction. None of
these potential products were successfully amplified (Figure 139). The PCR products from the
HindlIll digestion/ligation, which were separated on an agarose gel, are found in wells marked
A (amplification with DMSO) and B (amplification without DMSO). The PCR products from
the BspHI digestion/ligation, which were separated on an agarose gel, are found in wells marked
C (with DMSO) and D (without DMSO). The PCR products from the Asel digestion/ligation,
where were separated on an agarose gel, are found in wells marked E (with DMSO) and F
(without DSMO).
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Figure 139: Gel electrophoresis of ligation-mediated adapter PCR. Temperature gradient with annealing temperatures
ranging from 67 — 50 °C. PCR of the HindI11 digestion/ligation, amplification with DMSO (A) and amplification without DMSO
(B). PCR of the BspHI digestion/ligation, amplification with DMSO (C) and without DMSO (D). PCR of the Asel
digestion/ligation, amplified with DMSO (E) and without DSMO (F).

6.6.3 Optimization - Cellular localization of Gaussia Luciferase

6.6.3.1 Differential fractionation

The use of differential fractionation to identify the localization of a protein takes
advantage of the ability to use multiple centrifugation steps, each at increasing velocities, to
separate different components of homogenized cells. The three main components separated in
this experiment were the cellular debris, the cytosolic fraction, and the membrane fraction.
Contrary to expectations, the highest amount of luciferase was by far found in both the cellular
debris and the cytosolic fraction, with hardly any luciferase detected in the membrane fraction
(Figure 140).
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Figure 140: Luciferase activity in subcellular fractions of IMR90-4 hPOMC-GLuc 6, as determined by cellular homogenization
and differential centrifugation.

6.6.3.2 Immunofluorescence Antibody Validation

The following antibodies were tested, but not used further in this project due to
underperformance.

= Rabbit-a-Gaussia luciferase (Santa Cruz)
=  Mouse-a-Golgi97

= Golgi97-Leptin HPA

= Rabbit-a-GAPDH

= Mouse-a-Isletl (1B1 / ab86501)

Gaussia luciferase

The NEB rabbit-a-GLuc antibody was tested in an IMR90-4 hPOMC-GLuc clone as
well as with non-transfected IMR90-4 cells, to prove the specificity of both the GLuc antibody
and the secondary antibody. Two dilutions were prepared for both cell types: 1:500 (Figure
141) and 1:1000 (Figure 48). The 1:500 dilution resulted in slightly higher background staining

in WT cells, therefore subsequent experiments were performed using the 1:1000 dilution of the
GLuc antibody.
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DAPI GLuc Overlay

Figure 141: IMR90-4 hPOMC-GLuc clone 6 stained with IF indirect labelling method to detect GLuc. Cells were fixed,
permeabilized and then incubated overnight with a 1:500 dilution of rabbit-a-GLuc (NEB) primary antibody. Secondary
antibody incubation with Alexa-Fluor a-rabbit 488 diluted to 1:750. Cells were additionally incubated with DAPI for nuclei

staining. scale bar = 50um

IMR90-4 hPOMC-GLuc

IMR90-4 non-transfected

The rabbit-a-GLuc (Santa Cruz) primary antibody was tested at a 1:50 dilution (Figure
142) in IMR90-4 hPOMC-GLuc clone 6. In section B only very faint staining was seen,
indicating the incompatibility of this antibody with IF. This antibody was not tested or used any
further.

DAPI GLuc Overlay

Figure 142: IMR90-4 hPOMC-GLuc clone 6 stained with IF indirect labelling method to detect GLuc. Cells were fixed,
permeabilized and then incubated overnight with a 1:50 dilution of rabbit-a-GLuc (Santa Cruz) primary antibody. Secondary
antibody incubation with Alexa-Fluor a-rabbit 488 diluted to 1:750. Cells were additionally incubated with DAPI for nuclei
staining. scale bar = 25um

IMR90-4 hPOMC-GLuc

Golgi apparatus

Golgin97 is a protein constituting a part of the trans-Golgi network. The Golgin97
antibody was tested with multiple dilutions (1:50, 1:500, 1:750, and 1:1000) and with 2 different
secondary antibodies (anti-mouse Alexa-532 and anti-mouse Alexa 680). None of the dilutions
with either of the secondary antibodies resulted in successful staining of the trans-Golgi

network. An example image series demonstrating the failed staining is seen in Figure 143, with
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the 1:50 dilution of the Golgin97 antibody. The antibody concentrations with higher dilution
factors were equally unsuccessful in visualizing the Golgi apparatus.

Golgin97
DAPI Golgi apparatus Overlay

IMR90-4 non-transfected

Figure 143: Non-transfected IMR90-4 stained with IF indirect labelling method to detect Golgin-97. Cells were fixed,
permeabilized and then incubated overnight with a 1:50 dilution of mouse-a-Golgin-97 primary antibody. Secondary antibody
incubation with Alexa-Fluor a-mouse 532 diluted to 1:1000. Cells were additionally incubated with DAPI for nuclei staining.
scale bar = 10um

HepG2 cells were used to troubleshoot the staining of Golgi97 by the modifying the
permeabilization steps of the immunofluorescence protocol. The testing of these treatments was
run in parallel with a replacement Golgi identification marker, Lectin Helix pomatia agglutinin
(HPA) which selectively binds to a-N-acetylgalactosamine residues, an intermediate sugar
found on serine and threonine residues transferring between the cis-Golgi and the trans-Golgi
(Thermo Fisher Cat# L32454). The Lectin HPA is conjugated to Alexa 647 and does not need
to undergo secondary antibody incubation. The optimization scheme is summarized in Table
56.

Table 56: Optimization scenario of Lectin HPA and trans-Golgi network staining of Golgin97 in HepG2 cells. PFA =
paraformaldehyde, ON = overnight, min = minute

Treatment ID: Al A2 A3 A4 A5 A6
fixation: 4% PFA 4% PFA 4% PFA 4% PFA 4% PFA 4% PFA
0.05% 0.25% 0.1% 0.01% 0.05% 0.25%
permeabilization: | tritonX for | tritonX for | tritonX for | tritonX for | tritonX for | tritonX for
10 min 20 min 5 min 5 min 10 min 20 min
60min 60min 60min 60min 60min 60min
10%FCS, 10%FCS, | 10%FCS, 10%FCS, 10%FCS, 10%FCS,
blocking: 1%BSA, 1%BSA, 1%BSA, 1%BSA, 1%BSA, 1%BSA,
0.01% 0.01% 0.01% 0.01% 0.01% 0.01%

TritonX TritonX TritonX TritonX TritonX TritonX

ON 4°C ON 4°C

incubation: Lectin Lectin ON 4°C ON 4°C ON 4°C ON 4°C
) HPA HPA golgin97 golgin97 golgin97 golgin97
(1:20) (1:20)
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The optimization of the permeabilization step did not result in the identification of
Golgi97 through IF in HepG2 cells. An example image series shows the failed staining under
extended permeabilization standards (treatment A6, Figure 144). The remaining changes to the
permeabilization conditions also did not result in improved staining (data not shown).

Golgin97
DAPI Golgi apparatus Overlay

Figure 144: HepG2 cells stained with IF indirect labelling method to detect Golgin-97. Cells were fixed, permeabilized and
then incubated overnight with a 1:50 dilution of mouse-a-Golgin-97 primary antibody. Secondary antibody incubation with
Alexa-Fluor a-mouse 532 diluted to 1:1000. Cells were additionally incubated with DAPI for nuclei staining. scale bar = 10um

HepG2 non-transfected

Furthermore, none of the conditions tested from Table 56 with a replacement Lectin
HPA marker were able to visualize the Golgi apparatus. Figure 145 exemplifies, with the A2

treatment, the failed Lectin HPA staining.

Lectin HPA
Golgi apparatus Overlay

Figure 145: HepG2 cells stained with IF indirect labelling method to detect Golgi apparatus. Cells were fixed, permeabilized
and then incubated overnight with a 1:20 dilution of Lectin HPA Golgi stain. Cells were additionally incubated with DAPI for

nuclei staining. scale bar = 10um

HepG2 non-transfected

An optimized protocol for the labelling of Golgin-97 was communicated by Dr, Michael
Krauss. This IF protocol finally resulted in stained Golgi apparatus in HepG2 cells, revealing
the typical accumulation of the organelle in the perinuclear centrosomal region**° (Figure 146,
top panel). However, parallel staining of the same antibody preparation and protocol resulted
in much weaker staining in non-transfected SIMA cells (middle panel), and non-transfected
IMR90-4 cells (bottom panel).

260
Section 6.6



Golgin97
Golgi apparatus Overlay

Figure 146: HepG2, SIMA, and IMR90-4 cells stained with IF indirect labelling method to detect Golgin-97 using alternative
protocol provided by Dr. Michael Krauss. Cells were fixed, permeabilized and then incubated overnight with a 1:50 dilution
of mouse-a-Golgin-97 primary antibody. Secondary antibody incubation with Alexa-Fluor a-mouse 532 diluted to 1:1000.
Cells were additionally incubated with DAPI for nuclei staining. scale bar = 10um

HepG2 non-transfected

SIMA non-transfected

IMR90-4 non-transfected

Cytosol

In order to establish a cytosolic marker, the antibody against GAPDH was tested in two
concentrations, both a 1:50 dilution (Figure 147) and a 1:250 dilution (not shown). Neither
condition stained successfully and this marker was not considered in any subsequent analyses.

GAPDH Overlay

Figure 147: IMR90-4 hPOMC-GLuc clone 6 stained with IF indirect labelling method to detect GAPDH. Cells were fixed,
permeabilized and then incubated overnight with a 1:50 dilution of mouse-a-GAPDH primary antibody. Secondary antibody
incubation with Alexa-Fluor a-mouse 532 diluted to 1:1000. Cells were additionally incubated with DAPI for nuclei staining.
scale bar = 10um

IMR90-4 hPOMC-GLuc
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Motor neurons

The mouse-a.Isletl [1B1] antibody was tested in the IMR90-4 hPOMC-GLuc clone 6,
differentiated according to Maury et al for 30 days, at a dilution of 1:500 (within the
manufacturer’s suggested range). The visualization of the labeled protein resulted in a larger
percentage of stained cells than expected (Figure 148). Therefore, the same protocol was carried
out in undifferentiated IMR90-4 VAMP-GLuc clone 11, which should not be labeled with
Isletl. However, these undifferentiated cells were also distinctly labeled with the antibody ().
This indicates unspecific staining of the antibody, the manufacturer was contacted and a
replacement antibody was received.

DAPI Isletl Overlay

Figure 148: IMR90-4 hPOMC-GLuc clone 6 (Maury D30) and IMR90-4 VAMP2-GLuc stained with IF indirect labelling
method to detect Isletl. Cells were fixed, permeabilized and then incubated overnight with a 1:500 dilution of mouse-a-Isletl

[1B1] primary antibody. Secondary antibody incubation with Alexa-Fluor a-mouse 532 diluted to 1:1000. Cells were
additionally incubated with DAPI for nuclei staining. scale bar = 50um

IMR90-4 hPOMC-GLuc
Maury differentiation day 30

IMR90-4 VAMP2-GLuc

6.7 Expression analysis in non-transfected IMR90-4 cells

The relative gene expression of GLuc, HB9, ISLET1, and CHAT were compared
between non-transfected IMR90-4 cells and IMR90-4 hPOMC-GLuc cells. The expression of
GLuc in hPOMC-GLuc cells was significantly higher than that in the non-transfected cells, in
which no GLuc could be detected. There was no statistical difference in the trace expression of
HBY, ISLET1, and CHAT between non-transfected IMR90-4 cells and IMR90-4 hPOMC-GLuc
cells (Figure 149).
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Change in expression of GLuc and key genes important for motor neuron
differentiation in non-transfected IMR90-4 and IMR90-4 hPOMC-GLuc
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Figure 149: GLuc expression in undifferentiated non-transfected IMR90-4 cells and hPOMC-GLuc clone 6. Gene expression
of GLuc and selected genes associated with MN status were calculated by the AACt method, using the genes RPS23 and PPIA
used for normalization. Statistical significance measured by t-test, change in expression levels between differentiated clone
versus clone in pluripotent state. Statistical significance evaluated with t-test * = p < 0.05. Non-transfected IMR90-4
measurements consisted of one biological replicate. hLPOMC-GLuc clone measurements consisted of 2-6 biological replicates.
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