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NOVEL TRANSGENIC ANIMAL MODEL OF AMYOTROPHIC LATERAL SCLEROSIS

FIELD OF THE INVENTION

The present invention concerns a novel transgenic

animal as model of Amyotrophic Lateral Sclerosis (ALS).

BACKGROUND ART

Amyotrophic lateral sclerosis (ALS) is

characterized by selective and progressive degeneration
of upper and lower motor neurons, leading to muscle
weakness, atrophy and evolving to complete paralysis.
The disease 1impact on patients 1life quality is
devastating and death occurs in 2 to 5 vyears. ALS
occurs in two forms: familial (FALS) and sporadic
(SALS) .

FALS accounts for 5-10% of ALS cases and 1is
related to several gene mutations, mostly inheritable
in a dominant manner. Nearly 20% of FALS forms are
linked to more than 100 mutations 1in the Cu/Zn
superoxide dismutase (S0OD1) gene, all showing dominant
hereditary patterns.

A characteristic hallmark of FALS linked to mutant
SOD1 is the abnormal accumulation of ubiquitine-
immunoreactive misfolded protein in the cytoplasm of
degenerating motor neurons. It has been hypothesized
that protein misfolding and aggregation may contribute
to disease pathogenesis, although a causative role
remains controversial and pathogenic mechanisms
underlying ALS still remain essentially undisclosed.

Research on ALS mainly relies on experimental
animal models like transgenic rats and mice
overexpressing mutant human  SODI1. Besides rodent

models, a variety of animal species such as zebrafish,
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Caenorhabditis elegans and Drosophila melanogaster has
already Dbeen employed to unravel ALS pathogenetic
mechanisms, although phylogenetic distance from human
species prevents their employment in clinical research.

On the contrary, rats certainly represent an
interesting alternative for modelling neurodegenerative
disorders as their relative larger size allows some
experimental procedures which are not easily carried
out 1in other laboratory animal species. The lack of
efficient tools for genetic manipulation however has
dramatically limited rat employment as model for human
diseases (Bugos et al., 2009).

A great number of murine models carrying a variety
of SOD1 mutations has been hitherto produced.
Currently, the most widely employed animal model is a
transgenic mouse with a glycine to alanin conversion at
the 93"® codon (G93A) of the SODl1 gene. These mice
reliably reproduce the ALS patients phenotype
progression developing a rapidly progressive motor
neuron degeneration characterized by 1limb muscles
weakness that evolves to paralysis and premature death
four months after symptoms onset (Turner and Talbot,
2008), a too short interval compared to le lifespan of
the mouse relative to the onset of the disease in
humans. These animal models have certainly facilitated
investigations on the selective vulnerability of motor
neurons, however doubts have been recently raised about
rodents suitability to faithfully reproduce the human
disease (Schnabel, 2008; Scott et al., 2008). As a
matter of fact, encouraging results of drug tests in
rodents have never been so far successfully translated
to humans (Benatar, 2007; Van de Bosch, 2011) and in
some cases, molecules delaying disease progression in
transgenic mice, such as minocycline, have resulted

even detrimental in ALS patients (Gordon et al., 2007).
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Since human and rodent species differ in size, life-
span, physiology, anatomy and biochemical aspects, data
extrapolation is difficult.

In the patent literature the international patent
application WO-A-2007/124751 concerning a transgenic
pig showing ALS phenotype has been identified. Such a
transgenic pig has been realized using the Sperm
Mediated Gene Transfer (SMGT) technique. Such a
technique is nevertheless not efficient. In fact, this
technique allows the transgene integration in the host
cell but not guarantees its expression as the transgene
is rearranged thus preventing the protein expression.
Animals obtained with SMGT are often mosaics, namely
the integration takes place in different times after
fertilization and therefore not all cells are
transgenic. Moreover data about expression of the
endogenous mutated gene (porcine SOD1 mutated protein)
in pig’s tissues are missing.

In view of the foregoing drawbacks, a more
homologous animal model should be created in an animal
evolutionarily closer to human species in order to

provide a better tool to study the disease.

OBJECT AND SUMMARY OF THE INVENTION

Object of the represent invention is to provide a

new animal model of ALS which may be used in clinical
studies for identification of therapies for human
species.

According to the invention, the above object 1is
achieved thanks to the compositions specified in the
ensuing claims, which are understood as forming an
integral part of the present description.

In an embodiment, the present disclosure provides
for a transgenic swine suitable to develop Amyotrophic

Lateral Sclerosis, wherein the swine is transgenic for
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expressing an exogenous gene preferably in neuronal
cells, the exogenous gene being a human SODl1 gene
carrying a mutation. The human SOD1 gene is preferably
mutated at 93"® codon, with a glycine to alanine
conversion.

In a further embodiment the transgenic swine has
been obtained by means of i) in vitro transfection of
somatic cells, preferably fibroblasts, with the
exogenous gene and ii) somatic cell nuclear transfer
technique, which allows the expression of the exogenous
gene 1in all animal’s cells, preferably animal’s
neuronal cells, thus representing more closely the
human pathology.

A preferred embodiment of the instant description
discloses the generation of 1live transgenic Yucatan
minipigs expressing the mutated protein codified from
the hSOD1-G93A gene and then suitable to develop ALS
symptoms.

In a further embodiment, the present disclosure
concerns a process for generation of the transgenic
swine suitable to develop Amyotrophic Lateral
Sclerosis, wherein the swine is transgenic for
expressing an exogenous gene preferably in neuronal
cells, the exogenous gene being a human SOD1 gene
carrying a mutation (wherein the human SOD1 gene 1is
preferably mutated at 93*® codon, with a glycine to
alanine conversion). The process comprises the

following steps:

a. providing a vector encoding the exogenous
gene;

b. providing adult swine fibroblasts;

C. nucleofecting the vector into the

fibroblasts, obtaining transgenic fibroblasts;
d. providing at least one enucleated swine

oocyte by means of metaphase chromosomes removal from
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an intact oocyte;

e. contacting the at least one enucleated oocyte
with at least one transgenic fibroblast;

f. fusing the at least one enucleated oocyte

with at least one transgenic fibroblast obtaining an

embryo;
g. cultivating the embryo;
h. implanting at least one cultivated embryo,

preferably 70, more preferably 120, to a sow uterus;

i. natural birth or cesarean section delivering
of at least one newborn transgenic swine at the end of
SOwW pregnancy.

In further embodiments, the transgenic swine
herein described can be used for screening compounds
pharmaceutically active in the treatment of human ALS

and/or as a model for the study of human ALS.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described, by way of
example only, with reference to the enclosed figures of
drawing, wherein:

- FIG. 1: the PMG5’ 3’ MARPuro5171-hSOD1G93A
structure in a graphical representation.

- FIG. 2: Complete sequence of the
pPMG5’ 3' MARPuro5171-hSOD1G93A vector.

- FIG. 3: ICC on PAF (pig adult fibroblasts)
clones transfected with the pMG5’3’'MARPuro5171-hSOD1-
GO93A vector. [a] Human Umbilical Vein Endothelial Cells
(Huvec) used as positive control, with score=2 of
transgene expression level; [b] wild-type PAF used as
negative control (score=0); [c] PAF clone 1D2 with
score=1; [d] PAF clone 1Al with score=3; [e] PAF clone
2BR2 with scores=4 and [f] clone 2A1 with a score=o6.
DAPI is the filter wused to highlight the Hoechst

nuclear staining to identify the nucleus of the cells.
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FITCH allows the detection of the fluorophore
conjugated with the secondary anti-rabbit antibody and
then the transgene expression.

- FIG. 4: 1ICC on PAF biopsied from the 5
transgenic living pigs. ICC on PAF obtained from ear
biopsy of the 5 transgenic living pigs. Picture shows
FITCH signal obtained with Millipore 07-403 antibody
staining. hSOD1-G93A expression i1s revealed in all
animals analyzed. [A] and [B] display staining in wild-
type PAF and Huvec cells, respectively used as negative
and positive controls. [C] Pig 168 is characterized by
a moderate cytoplasmic and perinuclear staining. [D]
Pig 173 displays an intense cytoplasmic labelling along
with a perinuclear ring, noticeable in some cells. [E]
and [F] show nuclear labelling with faint cytoplasmic
staining detected in pigs 204 and 205 respectively. [G]
Pig 174 displays a faint <cytoplasmic staining.
Perinuclear rings and faint nuclei labelling can also
be observed in some cells. [H] shows intense
cytoplasmic labelling detected in cells from stillborn
piglets 169.

- FIG. 5: WB on stillborn piglets spinal cord.
Lane [A] displays results obtained with Genetex GTX
100659 at the 1:800 dilution, while lane [B] shows
those obtained with Millipore 07-403 at the dilution
1:1000 on the same samples. Sample 162 corresponds to
spinal cord homogenate from non-transgenic pig, used as
negative control. In lane [C] in possible to appreciate
a WB analysis conducted with Millipore 07-403 at the
dilution 1:1000 on spinal cord from other piglets and
on spinal cord homogenate from hSOD1-G93A mouse, used
as positive control. In all hSOD1-G93A piglet samples
it is possible to appreciate two lanes, corresponding
to the two SOD1 isoforms: the endogenous swine protein

displaying a lower molecular weight (16 KDa) and the



WO 2013/164792 PCT/IB2013/053494

10

15

20

25

30

35

human transgenic one, with a higher molecular weight
(20 KDa) .

- FIG. 6: Genetex GTX 100659 IHC on FFPE piglet
samples. In figure A it 1is possible to appreciate
hSOD1-G93A staining in the ileum with clusters of
positive cells next to the muscolaris mucosa. Figures B
and C show deposition pattern at the level of area
Hypothalamica lateralis. In the same area (figure D),
it 1is also possible to appreciate isolated cells
displaying hSOD1-G93A staining. Figure E shows a bundle
of positive cells 1lining the optic tract. Figure F
displays deposition pattern in the spinal cord: it is
possible to appreciate granular aggregates along

fibres.

DETAILED DESCRIPTION OF THE INVENTION

The present invention created an animal model,
consisting in a transgenic swine genetic line carrying
the human SOD1 gene with mutation G93A responsible for
the onset of ALS that is wuseful in studying such a
disease and to develop novel diagnostic markers and
therapeutic approaches for the human species.

Transgenic swine have been produced by means of
many techniques such as pronuclear microinjection,
sperm-mediated gene transfer and lentiviral transgene
delivery.

These techniques present, nevertheless, some
disadvantageous aspects. As a matter of fact,
pronuclear microinjection i1s wvery inefficient (Clark
and Whitelaw, 2003), sperm-mediated gene transfer is
attractive due to its simplicity, but suffers from high
variability and generates transgenic animals with a non
uniform expression of the transgene (Lavitrano et al.,
2002; WO-A-2007/124751) and although lentiviral

transgene delivery offers an efficient method for the
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generation of transgenic pigs (Whitelaw et al., 2004),
the use of lentivirus (HIV-1; EIAV) pose many safety
and ethical concerns, due to the proven ability to
activate oncogenes as well as the possibility of re-
acquiring their pathogenic characteristics.

Therefore, the present invention used a different
technique with respect to the previous technigues used
for generating ALS animal models: in vitro transfection
of cultured somatic cells combined with Somatic Cell
Nuclear Transfer (SCNT).

The inventors constructed a vector capable of
promoting in the swine species, preferably pigs, more
preferably mini-pigs, the expression of the mutated
SOD1 protein, in a manner similar to what happens in
the patient suffering from ALS.

To achieve this goal inventors were able to obtain
a stable expression of exogenous gene (hSOD1-G93A) in a
consistent, reproducible way and in the long term in
living animals. In fact the inventors in a previous
study (Chieppa et al. “Creation of a ubiquitous vector
for expression of hSODIG93A in pigs” Transgenic
research 2010; 19:326) - wusing a different wvector
(carrying neomycin as selectable marker, to express the
mutated gene) - found that only 22% of positive clones
showed high and uniform transgene expression 25 days
post-transfection, while the remaining positive clones
showed variegate expression or transgene silencing.

In the present invention, wusing a puromycin as
selectable marker, to express the mutated protein,
inventors solved this problem. In particular thanks to
the ability of the drug (puromycin) to select in a more
consistent and effective way and shorter time the
transgenic clones four days after transfection,
inventors have been capable to select, during in vitro

culture, suitable transgenic cell clones with the
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desired protein expression level.

Genetic transformation of animals generally
results in a large and random variation in transgene
expression between individual transformants. This
variability has been attributed to the positioning
effect that 1is the presence of different transgene
integration sites and copy numbers.

Since integration of foreign DNA seems to occur
randomly in the animal genome, it has been assumed that
some transgenes would be integrated into
transcriptionally inactive regions, while others would
be integrated into relatively transcriptionally active
regions (Park et al., 2002).

To solve such a random insertion of the transgene
into the swine genome the inventors decided to
introduce the chicken lysozyme an element (known as
5/MAR), which is 1located wupstream of the chicken
lysozyme gene and comprises a region of approximately 3
kb (Phi-Van and Stratling, 1996), in their pCAGGS
constructs.

The combination of puromycin selection cassette,
with accurate screening of the cell clones for the
desired characteristics in combination with SCNT turn
out to be successful and the inventors managed to
produce a large number of piglets, five of which are
alive and adult. All pigs generated in this way express
hSOD1-G93A.

The wvectors that were used to produce hSOD1I-G93A
transgenic pigs proved to be very effective to obtain
an ubiquitous expression in somatic cells and in the
tissues of the animals generated by SCNT.

The inventors decided to use in SCNT experiments a
pool of donor cells showing different transgene
expression level in order to minimize the risk of using

cell clones unable to generate a viable animal. As a
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matter of fact, since this 1is the first hSOD1-G93A
swine model produced so far, no data are available
about the toxicity related to transgene expression
level in the early stage of ©porcine embryonic
development and after embryo transfer in sows.

Since donors «cells with different expression
levels have been employed in SCNT, the cloned piglets
present variable transgene expression levels depending
on the wparticular cell from which they have been
created.

However, transgenic swine could be re-cloned from
the cells cryopreserved after birth from Dbest
expressing animal, in a successive SCNT experiment in
order to further standardize the hSOD1-G93A pig model
or could be bred to sows to produce Fl1 generation, of
which accordingly Mendelian law 50% will inherit the
disease.

The SOD1 protein is an enzyme with antioxidant
function by reducing the superoxide ion (0?7) level, a
toxic free radical ©product during the oxidative
cellular metabolism. The superoxide ion is capable of
altering proteins, membranes and DNA. Precisely the
involvement of a mutated protein in its pathogenesis
leads to include ALS in the proteinophaty family.
Studies on transgenic rodent models was aimed at
understanding the mechanisms by which mutated SOD1 gene
leads to the onset of ALS: they have ruled out that the
motor neuron degeneration is the result of loss of
dismutase activity and allowed to detect the formation
of aggregates of ubiquitinated proteins in tissues
affected, among other containing the mutant SODl: it is
assumed that these inclusions protein play a role in
the interruption of cell functions damaging
mitochondria, proteasomes, mechanisms of protein

folding or other proteins.
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Unlike rodent models that show an extremely high
expression transgene level and a rapid disease course
(Bendotti and Carri, 2004), the instant swine model
presents an expression level comparable to that of
human patients, were a single allele mutation results
in aforementioned toxic gain of function.

Piglets expressing the hSOD1-G93A protein, already
express the mutated protein at birth, are expected to
show the full degeneration of upper and lower motor
neurons, leading to muscle weakness, atrophy and
evolving to complete paralysis, with times and
modalities similar to those that occur in ALS patients.
On one hand this could result in a longer pre-clinical
phase and in an increase of animal maintaining costs,
on the other hand the ©present hSODI-G93A swine
represents an invaluable opportunity to find early
biomarkers and a closer and more faithful model to
reproduce human pathology since ALS is typically an
adult-onset disease.

Currently, an animal model recapitulating all the
ALS crucial aspects has not yet been produced.

However, since increasing difficulties are
emerging in translating information gleaned from rodent
models into therapeutic options for ALS patients, there
is an urgent need for an intermediate research system.
The present inventors do believe that a swine model
provides this essential bridge between insights gained
from rodent models and the reality of treating a human

disease.

Materials and Methods

Animal experiments

All procedures involving animals and their care
are conducted in conformity with national and

international regulations (EEC Council Directive
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86/6009, 0JL358, 1, 12 December 1987; Italian
Legislative Decree 116/92, Gazzetta Ufficiale della
Repubblica Italiana 10, 18 February 1992; and Guide for
the Care and Use of Laboratory Animals, U.S. National
Research Council, 1996) and after the approval of LTR-
Avantea Local Ethic Committee. Yucatan Black
fibroblasts (PAF) were obtained from adult boar ear
biopsy, coming from Italian pig farming. Subsequently
PAF have been used in cloning procedures to obtain wild
type pigs.

Vector construction

The inventors have previously developed an
ubiquitous EGFP expression vector, driven by the pCAGGS
hybrid promoter (CMV-IE enhancer + chicken beta actin
promoter) (Niwa et al., 1991) which is characterized by
maintaining high expression level through the F1
generation of pigs (Brunetti et al., 2008).

A Destination Vector pMGOrfA5’3'MARpurob5l71 was
created inserting the Multisite Gateway system
(Invitrogen) Conversion cassette (OrfAa) into the
ubiguitous expression vector. The resulting vector
carried the pCAGGS promoter inserted Dbetween two
insulators (5’ MAR of chicken lysozyme gene) (McKnight
et al., 1992) to prevent various silencing effects
(positional or copy number effects). The structure was
also provided with a floxed, then removable using the
Cre recombinase, SV40-Puro cassette to select the
transfected clones.

The BamHI/Xhol fragment of hSOD1G93A cDNA obtained
by restriction of pcDNA3.0hSOD1-G93A plasmid was
inserted into the PENTRL1L201ligoSacISall vector,
obtaining pENTRL1L2-hSOD1-G93A.

The Sall-BamHI fragment was removed from the
construct and the resulting pENTRL1IL2-hSOD1-G93AdelSB

was used, after segquencing, in a LR exchange reaction
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with the Destination Vector pMGOrfA5’3'MARpurob5171.
This exchange reaction, mediated by the LR Clonase, was
used to transform chemically competent E.coli cells
(One Shot Machl-Invitrogen) . The resulting
PMG5’ 3’ MARPuro5171-hSOD1G93A vector (Figure 1 and 2 -
SEQ ID No.:1) was purified with Plasmid Mini Kit
(Qiagen, Hilden, Germany), analyzed by different
restriction enzymes, confirmed by sequencing (Figure 2)
and finally 1linearized by Apall (Fermentas). After
phenol/chlorophorm purification, the vector was
precipitated and re-suspended in TE buffer.

Cell isolation and culture

Primary porcine fibroblasts cultures were
recovered from adult male ear Dbiopsy (pig adult
fibroblasts, PAF). Biopsy specimens were cut in small

pieces with a scalpel blade and the resulting tissue
pieces were distributed on the surface of gelatin-
coated dishes containing 1.5 ml of DMEM/TCM199 with 20%
of fetal bovine serum (FBS). Culture medium was changed
every 3 days.

Cells were allowed to grow until they reached 50%
of confluence. Tissue pieces were then removed and the
cells sub-cultured until they reached confluence in
DMEM/TCM199 with 10% of FBS and growth factors (bFGF).
Growth conditions consisted of a 38°C temperature and
of an atmosphere composed by 90% Nz, 5% 0O, and 5% COs.

Exponentially growing cultures were cryopreserved
in DMEM/TCM199 with 20% FBS and 10% DMSO and stored in
liquid nitrogen. These batches of cells were used
throughout the following experiments.

Transfection of hSOD1-G93A vector into adult

fibroblasts

The day before transfection, passage 3 PAF were
tripsinized, counted, and plated into 60 mm dishes in

order to obtain about 1x10° cells at 80% confluency in
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24 hours. On the transfection day, cells were
tripsinized, counted and resuspended in 100 ul of
nucleofector solution (Basic Nucleofector Kit, Prim.
Fibroblasts; Amaxa, Cologne, Germany), mixed with 5 ug
of the linearized pMG5’ 3'"MARPurob5171-hSOD1-G93A vector.
PAF and linearized vector were then transferred into
the nucleofection cuvettes and transfected with V-24
program (Nucleofector Amaxa) .

After nucleofection cells were plated in 60-mm
culture dishes containing fresh culture medium. After
24 hours, the drug (Puromycin: 1 ng/ml) employed in
colonies selection was added. After 4 days, puromycin-
resistant colonies were picked up using 5-mm cloning
discs and transferred into 24 mm well dishes. Cells
were then expanded in DMEM/TCM199 with 10% FBS and 5
ng/mL of DbFGF at a temperature of 38.5°C and in a
humified atmosphere containing 5% CO; and 5% O,.

An aliguot was cryopreserved as described above,
to be employed in nuclear transfer and the remaining
cells were subcultured to perform expression analysis.
Immunocytochemistry (ICC)

Cells (transgenic hSOD1-G93A PAF and primary

culture cells from ear biopsy obtained from transgenic
piglets) were fixed with 4% PFA and then stored in
phosphate buffer (PB) until analysis.

In order to detect the expression of human SOD1 by
immunocytochemistry (ICC) the inventors used a rabbit
polyclonal antibody (07-403 Millipore, concentration
1:200), directed against the full-length wild-type
hSOD1 plus an N-terminal methionine.

Unspecific binding blocking (10% goat serum) was
followed by primary antibody incubation (RT, two
hours). After 3 washes (PB with 0.2% BSA and 0.05%
saponine, 3 minutes each) a secondary FITCH-conjugate

antibody incubation (1 h at RT) was performed. Nuclei
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were counterstained with Hoechst (RT, 15’). After two
washes slides were finally mounted in mounting medium
(Citifluor). We used Human Umbilical Vein Endothelial
Cells (Huvec) and wild type PAFs respectively as
positive and negative controls. Fluorescence was
detected by exposing fibroblasts to an epifluorescent
light mounted on an inverted microscope (Nikon TE-
DH100W) equipped with a FITC (for green) and DAPI (for
nuclei) filter and with a digital imaging system (Nikon
DIGITAL SIGHT DS-L1). Subjective assessment of
transgene expression level was based on the comparison
of the fluorescence intensity revealed in PAF clones
with that of the controls. The negative control was
assigned a Score=0 while the positive a Score=2, as
showed in Figure 3. It should be noted that this is as
subjective scores attribution and wvalues presented in
this study are not objectively measured, neither
absolute.
Preparation of nuclear donor cells and SCNT

Transgenic 1Al1, 1A2, 1B1, 1C2, 1Dl1l, 1D2, 1E2, 2AZ2,
2A6, 2B2, 2Cl1 and 2C3 hSOD1-G93A-fibroblasts clones

were selected, as nuclei donors, according to

uniformity and intensity of their expression level.

The day before nuclear transfer, donor cells were
induced into guiescence by serum starvation (0.5% FRBS).
30 minutes before nuclear transfer, cells were prepared
by trypsinization, washed and resuspended in SOF
(Tervit et al., 1972) supplemented with 25 mM HEPES (H-
SOF). Ovaries with corpora lutea were collected at
local slaughterhouse and carried to laboratory at 31-
33°C. Oocytes were aspirated from follicles larger than
3 mm in diameter, washed, and transferred to
maturation.

DMEM-F12 supplemented with 10% FBS, 110 ug/ml
sodium pyruvate, 75 ug/ml ascorbic acid, 100 ug/ml
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glutamine, 5 ug/ml myoinositol, 0.4 mM cystine, 0.6 mM
cysteamine, ITS liquid media supplement (insulin,
transferrin, selenite, Sigma, 1 ul/ml), gonadotropins
(0.05 IU/ml ©FSH, and 0.05 1IU/ml LH; Pergovet 75,
Serono), 100 ng/ml long IGF1 (recombinant insulin
growth factor I analog), 50 ng/ml long EGF (recombinant
epidermal growth factor analog), and 5 ng/ml DbFGF
(human recombinant) was used as maturation medium.

Oocytes were cultured at 38.5°C in 5% CO, 1in
humidified atmosphere. After 42 hours maturation,
oocytes were denuded of cumulus cells by vortexing in
the presence of hyaluronidase in HSOF and returned to
maturation medium. Only oocytes displaying extruded
polar body were selected. NT-embryos were reconstructed
following a zona-free method (Lagutina et al., 2005,
2006; Oback et al., 2003). The =zona pellucida of
oocytes with extruded polar body was digested with 0.5%
pronase in PBS. The oocytes were washed in H-SOF with
10% FBS and returned to maturation medium. All the
following manipulations were performed in H-SOF with
10% FCS. Zona-free oocytes were exposed to cytochalasin
B (5 ng/ml) and Hoechst (5 upg/ml) for 5 min prior to
enucleation. Metaphase chromosomes were removed under
very short exposure to UV light with a Dblunt
enucleation pipette.

After enucleation, zona-free cytoplasts were
individually washed for few seconds in 300 ug/ml
phytohemagglutinin P in PBS and then quickly dropped
over a single donor cell (Vajta et al., 2003) settled
at the bottom of a microdrop of the diluted donor cell
suspension.

Forty-six to forty-eight hours after maturation
onset, formed cell couples were washed in 0.3 M
mannitol (Ca''-free, 100 uM Mg'') solution, fused by
double DC-pulse of 1.2 kV/cm applied for 30 usec and
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returned to maturation medium. 2 hours later (after 48-
50 hours of maturation), NT embryos were activated by
double DC-pulses of 1.2 kV/cm for 30 usec applied in
0.3 M mannitol solution, containing 1 mM Ca'' (Cheong
et al., 2002) and 100 uM Mg. After activation, embryos
were kept in culture maturation medium with 5 ug/ml
cytochalasin B for 4 hours.

NT embryos were cultured in SOF supplemented with
essential and nonessential amino acids and with 4 mg/ml
BSA (SOFaa) in a Well-of-the-Well system (WOW)
modification (Vajta et al., 2000). During embryo
culture half of the medium was renewed on day 3 (D+3)
and on day 5 (D+5) with fresh SOFaa.

Synchronization of sows, surgical embryo transfer,

pregnancy diagnosis, and parturition

Estrus was synchronized by feeding 12 mg of
alternogest (Regumate, Intervet, Peschiera Borromeo,
Italy) per sow for 15 days and injecting 0.15 mg of
PgF2a (Dalmazin, Fatro, Ozzano Emilia, Italy) on the
15th day of regumate treatment and 1000 IU of hCG
(Chorulon, Intervet) 96 hours after the last
altrenogest administration.

The SCNT embryos were transplanted to the sows
uterus on D+5 of development. Embryo transplantation
was performed 4 days after animals ovulation by
midventral laparatomy and pregnancy was examined at day
29, 36, 50, and 62 Dby ultrasonography. A cesarean
delivery was performed at D+114 of gestation.

Tissue banking

Ear biopsy was performed on all piglets, in order
to obtain primary PAF cultures and subseguent
cryopreservation to establish a cell bank from each
individual piglet. Brain, spinal cord, peripheral
nerves, muscles and organs were sampled from stillborn

or euthanized animals. Tissue samples were either
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formalin-fixed and paraffin-embedded (FFPE) or
paraformaldehyde-fixed.

After 24 hours, paraformaldehyde samples were
rinsed 2 times in PBS and then exposed to growing
sucrose concentrations in order to achieve
cryoprotection. Finally, samples were kept for 30
minutes in a 1:1 30%sucrose: OCT solution and then
included in OCT, frozen in isopentane and stored at -
g0°cC.

Finally, a part of every tissue was snap-shot
freezed in isopentane and stored at -80°C.

Western Blot (WB)
Cells (transgenic hSOD1-G93A PAF and primary

culture cells from ear biopsy obtained from transgenic
piglets) were lysed using Laemmli buffer 1X containing
B-mercaptoethanocl (5%) and boiled for 10 minutes. Total
protein was quantified by Qubit fluorometer
(Invitrogen) using the QuantIT Protein quantification
kit (Invitrogen).

Tissues obtained from stillborn piglets were
homogenized (1:5 mg/ml) in lysis buffer (50mM Tris HC1

PHS, 150mM NacCl, 5mM EGTA pHS, 1.5mM MgCl,, 10%

anhydrous glvcerol, 1 Triton, 100ug/ml (=0.57mM)
PMSF). Protein quantification was performed by BCA

Protein Assay kit (Pierce).

Thirteen nug of each sample were loaded onto
Glicine-SDS-PAGE (4-12%) and electrophoretically
separated for 45 minutes at 200V using the
MiniproteanII chamber (Biorad). Blotting onto Immun-
Blot PVDF membrane (Biorad) was obtained after 1lh at
100V using MiniproteanII electroblotter (Biorad)
according to manufacturer protocol. The resulting PVDF
membranes were subsequently processed following the
instructions of the chemiluminescent detection system
Lumi-LightPLUS Western Blotting Kit  Mouse/Rabbit
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(Roche). Detection of transgenic target was achieved
using either a polyclonal Antibody 07-403 (1:1000
Millipore) or a polyclonal Antibody GTX 100659 (1:800
Genetex) that is specifically directed against hSODI1
region within amino acids 75 and 138, which is
different 1lbetween human and swine. Pig R-actin
expression was detected using the mAb abo6276 (1:5000
Abcam). The treated membranes were finally exposed,
developed and fixed.
Immunohistochemistry (IHC)

All FFPE tissues were analysed by IHC. After

antigen retrieval (95° bain-marie for 20 minutes),
sections were treated with 3% hydrogen peroxide in
methanol for 10 minutes to block endogenous peroxidase.
Sections were incubated in Normal Goat Serum for 20
minutes and then overnight at 4°C in the primary
antibody (GTX 100659; 1:250) dissolved in PBS.

Afterwards, sections were rinsed 3 times in PBS
and incubated with relevant secondary antibody (1:200)
for 1 hour. After 3 rinses 1in PBS, sections were
incubated with Avidin Biotin Complex for 30 minutes.
DAB was used as revealing agent. Sections were
counterstained with haematoxylin.

Ubiquitine-immunoreactive misfolded protein was
detected by the same IHC protocol, but the antigen
retrieval step, with a rabbit polyclonal antibody (Dako
20458, 1:100).

Results
Transfection of hSOD1-G93A vectors into adult

fibroblasts and related analysis.

The transfection experiments conducted with the
pMG5'3"'MARPuro-hSOD1-G93A vector have led to the
isolation of 26 PAF clones, which were analysed by WB
and ICC. All clones, listed i1in Table 1, revealed
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score was assigned. Four clones showed a transgene
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expression level lower than the control one
and three clones achieved the same score as the
control. The remaining 19 clones showed a higher

expression (Score ranging from 3 to 6).

Table 1
Clone Score
1A1
1A2
124
1A5
1B1
1B3
1B6
1C1
1C2
1C6
1D1
1D2
1D5
1D6
1E1
1E2
221
272
2A3
274
2A5
246
2B2
2C1
2C2
2C3

w

OO RO O RO D]y s |w] o oy

Somatic Cell Nuclear Transfer (SCNT)

Six SCNT experiments were conducted. In the first
and second experiment, a pool of clones (1Al, 1C2, 1D2
and 1E2) was used as a nucleus donor. In the third and
fourth experiment a pool composed of 1B1, 1D1, 2Cl and
2B2 clones was employed, while a pool composed of 1A2,
2A2, 2A6 and 2C clones was employed in the fifth and
sixth experiment. All the SCNT experiments conducted

are listed in Table 2 where viable embryo percentages
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(ranging from 35.38% to 50.50%) were obtained. Table 2
contains the following information: The ™ID <lones”
column ghows the names of hSODI-G93A PAF cloneszs that

B T . - A O
uclelil donors. In N

composed the cells gool,

RN

SCNT? column the number of  SCNT  ezperiments 18

reported. Thes “average score” oolumn indicates  the
transgens expression level owned by the pool of PAF

clones., ™NY ig the numl

of palrs

formed after the fusion. “CL7” is the number of
ite wvalue is compared to the
reconstructed embrvos. “Mo/BL1Y

COMmpPact morulas an

d hlastocyats

at the sizth day <f in wvitro culture. “Tot embrye”

F_J.
]
[ON
}_A.
@]
o
)
U
6]

he number of vizble embryos, with the
relative percentage value obtained by comparison with
the dnitial number of manipulated oooytes. Piaglets
indicate the pregnancy outcome, with the numbsr of

vital and stiliborn piglets obtained.

Tabhle 2

TOT Piglets
emb % Vital/
ryo Stillborn

N° Av. Mc/Bl
ID clones sent | se. N Cl % D6

8 me, | 69 35,38 No

Al,E2Z,CZ,D2 1 2 195 1181 94,66 61 bl pregnancy

11 mc, 74 36,27 No

Al,E2,C2,D2 2 2 204 (185 92,82 63 bl pregnancy

Bl, 2B2, 21 mc,
2c1,Dp1 75 37,50 6/4

3 3 200 | 172 86,00 54 bl

Bl, 2BZ,
2¢1,D1

31 mc,

4 3 209 | 151 72,25 47 bl

78 37,32 5/2

1AZ2,2A6,2A2,

5c3 5 5 205|179 87,32 96 bl 96 46,83 3/1

1A2,2R6,2R2, 6 5 202 | 178 88,12 102 bl | 102 50,50 2/17

2C3

Development to term of SCNT embryos derived from adult
hSOD1-G93A fibroblasts

The transfer of 494 embryos to six recipient sows

resulted 1in four ©pregnancies. The 4 pregnant sows
received 75, 78, 96, 109 embryos obtained from, the
third, fourth, fifth and, sixth SCNT experiment
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respectively. Pregnancies were carried to term and
resulted in the birth of 10, 7, 4 and 9 piglets with a
mean efficiency of blastocyst development to term of
8,78%. Among produced piglets 16 were alive and 12 were
stillborn. Five ©piglets survived artificial hand
raising, weaning and developed normally. The remaining
11 piglets died within 48-96 h from birth due to events
commonly reported in commercial Therds (i.e. some
piglets were not nursing, others developed diarrhoea,
pneumonia etc).

Detection of hSOD1-G93A expression in tissues from

stillborn piglets and living animals

Fibroblasts obtained from ear biopsy of Dboth
living and stillborn piglets, were analyzed by ICC and
revealed a transgene expression level comparable with
that of PAF used as nuclei donors (Figure 4).

Furthermore, IHC and WB analysis were performed on
dead and stillborn piglets tissues. Snap shot spinal
cord samples were homogenised and analysed by WB.
Transgenic protein was revealed using both antibodies
(07-403 Millipore and GTX 100659 Genetex). In Figure 5
it is possible to appreciate two lanes, corresponding
to the two SOD1 isoforms: the endogenous swine protein
displaying a lower molecular weight (16 KDa) and the
human transgenic one, with a higher molecular weight
(20 KDa) .

Immunohistochemistry (Figure 6) was performed on
coronary sections of all FFPE samples. Analysis
performed by GTX 100659 revealed granular mutant
protein aggregates in neurites and perikarya in brain
(from area hypothalamica lateralis to the third
ventricle), spinal cord (especially at the thoracic
level), peripheral nerves (brachial plexus and sciatic
nerve) and in the Enteric Nervous System.

The same brain areas also revealed ubiquitine
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immunoreactivity characterized by intracytoplasmatic
aggregates.

Naturally, while the principle of the invention
remains the same, the details of construction and the
embodiments may vary widely with respect to what has
been described and illustrated by way of example,
without departing from the scope of the present

invention.
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CLAIMS

1. Transgenic swine suitable to develop
Amyotrophic Lateral Sclerosis, being transgenic for
expressing an exogenous gene in all cells, preferably
in neuronal cells, wherein the exogenous gene 1is a

human SODl1 gene carrying a mutation.

2. Transgenic swine according to c¢claim 1,
wherein the transgenic swine over-expresses the

exXogenous gene.

3. Transgenic swine according to c¢laim 1 or
claim 2, wherein the human SODl1 gene is mutated at 93*°
codon, wherein a glycine to alanine conversion 1is

performed.

4. Transgenic swine according to any one of the
preceding claims, wherein the transgenic swine carries

the exogenous gene in a single allele.

5. Transgenic swine according to any one of the
preceding claims, wherein the transgenic swine express
the exogenous gene in form of granular mutant SODI1
aggregates in brain, spinal cord, peripheral nerves and

enteric nervous system.

6. Transgenic swine according to any one of the
preceding claims, wherein the transgenic swine express

ubiquitine intracytoplasmatic aggregates in brain.

7. Transgenic swine according to any one of the
preceding claims, wherein the transgenic swine 1is a

pig, preferably a mini-pig.
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8. Transgenic swine according to any one of the
preceding c¢laims, wherein the transgenic swine 1is
obtained by means of i) in vitro transfection of
somatic cells, preferably fibroblasts, with the
exogenous gene and ii) somatic cell nuclear transfer

technique.

9. A process for generating a transgenic swine
according to any one of the previous claims comprising

the steps of:

a. providing a vector encoding the exogenous
gene;

b. providing adult swine fibroblasts;

C. nucleofecting the vector into the

fibroblasts, obtaining transgenic fibroblasts;

d. providing at least one enucleated swine
oocyte by means of metaphase chromosomes removal from
an intact oocyte;

e. contacting the at least one enucleated oocyte
with at least one transgenic fibroblast;

f. fusing the at least one enucleated oocyte

with at least one transgenic fibroblast obtaining an

embryo;
g. cultivating the embryo;
h. implanting at least one cultivated embryo,

preferably 70, more preferably 120, to a sow uterus;
i. natural birth or cesarean section delivering
of at least one newborn transgenic swine at the end of

SOwW pregnancy.

10. Process according to claim 9, wherein before
step e. a pooling of more than two transgenic
fibroblasts is carried out, and step e. is carried out
by contacting the at least one enucleated oocyte with

the pool of more than two transgenic fibroblasts.
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11. Process according to claim 9 or claim 10,
wherein after step c¢. analysis of vector expression in
transgenic fibroblasts is carried out for selecting
transgenic fibroblasts having uniform and intensive
expression of the vector, and wherein step e. 1is

carried out using the selected transgenic fibroblasts.

12. Process according to any one of claims 9 to
11, wherein the vector encoding the exogenous gene 1is

carrying the selectable marker Puromycin.

13. Process according to any one of claims 9 to
12, wherein the vector encoding the exogenous gene has

the nucleotide sequence set forth in SEQ ID No.:1.

14. Use of the transgenic swine according to any
of claims 1 to 8 for screening compounds

pharmaceutically active in the treatment of ALS.

15. Use of the transgenic swine according to any
of claims 1 to 8 as a model for the study of ALS.
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The pMG5'3'MARPuro5171-CXhSOD1G93A vector
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The pMs5’ 3'MARPuro5171-hSOD1GI3A sequence: 12882 bp

ttgtacaaag tggtgatate ctegagtgat cttttteect ctgecaaaaa ttatgggoac atcatgaage cecttgagea tctgacttet ggetaataaa gogaaatttat tttcattgea atagtgtgtt goaatttttt gtgtctctea

cteggaagoa catatgggag ggcaaatcat ttaaaacatc agaatgagta tttggtttag agtttggeaa catatgecat atgetgoetg ccatgaacaa aggtggetat aaagaggtca tcagtatatg aaacagecee ctgetgteca

ttecttatte catagaaaag ccttgacttg agottacatt ttttttatat tttgttttgt gttatttttt tetttaacat cectaaaatt ttecttacat gttttactag ceagattttt cctectetee tgactactee cagtcatage

tatecctett ctettatgaa gateectega cetgeageee gggggatcca taatataact gtaccaggtt ttggtttatt acatgtgact gacggettee tatgegtget cagaaaacgg cagttgggea ctgeactgee cogtgatggt

gccacgatgg cteetgeege cttetttgat atteactetg ttgtatttea tetettgttg cegatgaaag gatataacag tetctgagoa aatacttgat atttettetg atcagegttt ttataagtaa tgttgaatat tggataagoe

totgtgtect ttgtettooy agacaaagee cacageaggt gotgottogy togtggeage teagtgacag gagagotttt tttgectgtt ttttttgttg tttttttttt ttaagtaagg tottcttttt tettagtaaa atttcetactg

tatgtgtect ttgtettggg agacaaagee cacagcaggt ggtagttgog tggtggcage teagtgacag gagagotttt tttgectgtt ttttttgttg tttttttttt ttaagtaagg tottettttt tettagtaaa atttcetactg

tttttattta tagtgtgget tgaaagettg gatagetgtt gttacatgag ataccttatt agtttaggee agettgatge tttatttttt ttoctttgaa gtagtgageg ttotetgott tttttecttt gaaactggeg aggettagat

ttttctaatg goatttttta cctgatgate tagttgcata cccaaatget tgtaaatgtt ttoctagtta acatgttgat aactteggat ttacatgttg tatatacttg tcatctgtgt ttotagtaaa aatatatgge atttatagaa

atacgtaatt cctgatttee tttttttttt atctetatge tetgtgtgta caggtcaaac agacttcact cctattttta tttatagaat tttatatgea gtetgtegtt ggttcttotg ttgtaaggat acagecttaa atttectaga

gegatgetea gtaaggeggg ttgtcacatg ggttcaaatg taaaacggge acgtttgetg ctgectteee agatccagga cactaaactg cttetgeaac tgaggtataa ategetteag atcecaggaa gtgtagatee acgtgeatat

tcttaaagaa gaatgaatac tttctaaaat atgttggeat aggaagraag ctgratggat ttatttggga cttaaattat tttggtaacg gagtgeatag gttttaaaca cagttgeage atgetaacga gtcacageat ttatgragaa

gtgatgecty ttgeagetgt ttacggract gecttgeagt gageattgea gatagggoatg gogtgctttg tgtcgtgtty ggacacgetg ccacacagee accteccgaa catatceteac ctgetgggta ctttteaaac catcttagea

gtagtagatg agttactatg aaacagagaa gttccteagt tggatattet catgggatgt ctttttteee atgttgggea aagtatgata aageatctet atttgtaaat tatgeacttg ttagttectg aatectttet atageaccac

ttattgeage aggtgtagge tetggtgtog cetgtgtetg tgctteaate ttttaagett ctttggaaat acaccgactt gattgaagte tcttgaagat agtaaacagt acttaccttt gatccraatg aaatcgagea ttteagttgt

aaaagaatte cgeetattea taccatgtaa tgtaatttta cacceccagt getgacactt tggaatatat teaagtaata gactttggee tcaccctcett gtgtactgta ttttgtaata gaaaatattt taaactgtge atatgattat
tacattatga aagagacatt ctgctgatct tcaaatgtaa gaaaatgagg agtgegtgtg cttttataaa tacaagtgat tgcaaattag tgcaggtgtc cttaaaaaaa aaaaaaagta atataaaaag gaccaggtat tttacaagtg
aaatacatte ctatttggaa aacagttaca tttttatgaa gattaccage gettgetgac tttetaaaca taaggetgta ttgtettect gtaccattge atttcecteat tcccaatttg cacaaggatg tetgggtaaa ctattcaaga
aatggcttty aaatacagea tgggagetty tetgagttgg aatgeagagt tgeactgeaa aatgtcagga aatggatgte tctcagaatg cecaacteca aaggatttat atgtgtatat agtaageagt ttectgatte cageaggeca
aagagtctge tgaatgttge gttgeoggag acctgtattt ctcaacaagg taagatggta tectagcaac tgogoatttt aatacatttt cageagaagt acttagttaa tctctacctt tagggategt ttcatcattt ttagatgtta
tacttgaaat actgcataac ttttagettt catgggttec ttttttteag cetttagoag actgttaage aatttgetgt ccaacttttg tgttggtett aaactgceaat agtagtttac cttgtattoa agaaataaag accattttta
tattaaaaaa tacttttgte tgtcttcatt ttgacttgte tgatatcctt geagtgetca ttatgtcagt tetgtcagat attcacacat caaaacttaa cgtgagetca gtggagttac agetgeggtt ttgatgetgt tattatttet
gaaactagaa atgatgttgt ctteatctge tcatcaaaca ctteatgeag cagtttaagg ctagtgagaa atgcatacat ttattgatac ttttttaaag tcaacttttt atcagatttt tttttcattt ggaaatatat tgttttctag
ageggeegee acegegatag agetecaget tttgtteect ttagtgaggg ttaattgege gettggogta atcatggtea tagetgttte ctgtgtgaaa ttgttatceg cteacaatte cacacaacat acgagcegga agcataaagt
gtaaagectyg gggtgectaa tgagtgaget aactcacatt aattgegttg cgetcactge cegettteca gtegggaaac ctgtegtgee agetgratta atgaategge caacgegegg ggagaggeag tttgegtatt gogegetett
cegettecte getcactgac tegetgeget cggtegtteg getgeggega geggtatcag cteactcaaa ggeggtaata cggttateca cagaatcagg ggataacgea ggaaagaaca tgtgagcaaa aggecagcaa aaggcragga
accgtaaaaa ggeegegtty ctogegtttt tecatagget cogecccect gacgageate acaaaaateg acgetcaagt cagaggtgge gaaaccegac aggactataa agataccagg cgttteccee tggaagetee ctegtgeget
cteetgttee gaccetgeeg cttaceggat acctgtecge ctttetecct tegggaageg tggegettte teatagetea cgetgtaggt atcteagtte ggtgtagote gttogeteca agetgggetg tatgeacgaa cecccegtte
ageeegaceg ctgegeetta tecggtaact ategtettga gtecaacceg gtaagacacg acttatogee actggeagea gecactggta acaggattag cagagegagg tatgtaggeg gtgetacaga gttettgaag tggtggecta
actacggeta cactagaagg acagtatttg gtatctgege tetgetgaag ccagttacet teggaaaaag agttggtage tettgatceg geaaacaaac cacogetgat agegotgatt tttttgtttg caageageag attacgegea
gaaaaaaagq atctcaagaa gatcctttga tettttetac ggggtetgac getcagtgga acgaaaactc acgttaaggg attttggtea tgagattatc aaaaaggate ttcacctaga tecttttaaa ttaaaaatga agttttaaat
caatctaaag tatatatgag taaacttgot ctgacagtta ccaatgetta atcagtgagg cacctatcte agegatctgt ctatttegtt catecatagt tgectgacte ceegtegtgt agataactac gatacgggag ggcttaccat
ctggeeccag tgctgeaatg atacegogag acccacgete accggeteca gatttatcag caataaacca gecagecgga aggoccgage geagaagtgg toctgeaact ttatcegeet ceatccagte tattaattat tgecgggaag
ctagagtaag tagttegeca gttaatagtt tgegraacgt tgttgecatt getacaggea tegtgotgte acgetogtog tttggtatgg ctteatteag ctoecggttee caacgatcaa ggegagttac atgatcecce atgttgtgea
aaaaageggt tagetectte ggtecteoga tegttgteag aagtaagtty gocgeagtgt tatcactcat ggttatggea geactgeata attcetettac tgtcatgeca teegtaagat gettttetgt gactgotgag tactcaacca

agtcattetg agaatagtat atgeggegac cgagttgete ttgeceggeg teaatacggg ataataccge gecacatage agaactttaa aagtgetcat cattggaaaa cgttettogg ggcgaaaact ctcaaggate ttacogetgt

Figure 2
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toagatecag ttegatgtaa cecactegty cacccaactg atetteagea tettttactt teaccagegt ttetgggtaa graaaaacag gaaggraaaa tgcegcaaaa aagggaataa gggogacacg gaaatgttga atactcatac
tettectttt teaatattaa coettacaat ttecattege catteagget gegeaactgt tgggaaggge gatcggtgeg ggectetteg ctattacgee agetggegaa agggggatat getgcaagge gattaagttg ggtaacgeca
gagttttece agteacgacy ttgtaaaacy acggecagty agegegegta atacgactca ctatagggeg aattgggtac cataactteg tatagtacac attatacgaa gttatgtcga tegacggtat cgataagett gatatcgaat
tottattgtt aacttgttta ttgragetta taatggttac aaataaagea atagcatcac aaatttcaca aataaageat ttttttcact geattctagt tgtggtttgt ccaaactcat caatgtatet tatcatgtet ggatctegeg

cgecaggetyg tggaatgtgt gtcagttagg gtgtggaaag tecccagget ceccageagy cagaagtatg caaagratge atctcaatta gtcagraace aggtgtggaa agteccragg ctecccagea ggcagaagta tgcaaageat

gratctcaat tagtcageaa ccatagtece gecectaact cogeccatee cgecectaac teogeccagt tecgeecatt cteegeecca tggetgacta atttttttta tttatgeaga ggecgaggee geeteggect ctgagetatt
ccagaagtag tgaggaggct tttttggagg cegteggeeg ceacgaccqg tgecgecace ateecctgac ccacgecect gaccectcac aaggagacga cettecatga cegagtacaa geecacggtyg cgectegeca coogegacga
cgteececgg gecgtacgea cectegeege cgogttegee gactaceetg caacacgeca tacagtggac cetgacegee acatcgagog ggtcaccgag ctgeaagaac tettectcac gegegtegag ctegacatog geaaggtgty
gategeggac gacggegeeg cgatggcggt chggaccacy ceggagageg togaagegag ggogatgtte gecgagateg geeogegeat ggecgagttg ageggttece ggetggeege geagraacag atggaaggee tectggegee
gracoggeee aaggageeeg cgtggttect ggecacegte ggegtetege cegaccacca gggcaagggt ctgggeageg cegtegtget ceceggagty gaggeggeeg ageg cgecgg ggtgeeegee ttectggaga ceteegegee
cegeaaccte cocttetacg ageggetegg ctteacegte accgeegacy tegagtgeee gaaggacoge gegacetgat gratgaccog caageceggt gectgacgee cgecccacga CCogragege CCgactgada ggagegeacy
accecatgge teogaccgaa gecaccoggy goggoeeege Cgacceogea ceogeeeeeg aggeecaceg actctagage tegetgatea gectegactg tgecttteta gttgecagee atetgttatt tgecectece cegtgeette
cttgaccetg gaaggtgeca cteccactgt cetttectaa taaaatgagg aaattgeate grattgtetg agtaggtgte attetattet gggoggtggg gtgaggcagg acag caagag ggaggattgy gaagacaata geaggeatge
togggatgeg gtgggeteta tggettetga ggeggaaaga accagetggg getcgagate cactagttet agtataactt cgtatagtac acattatacg aagttatgeg geegetctag aagtactete gagaagettt ttgaattett
togatccata atataactgt accaggtttt ggtttattac atgtgactga cggettecta tgegtgetca gaaaacggea gttgogceact geactgeceg gtgatggtae cacggtgget cetgeegect tetttgatat tcactetgtt
gtatttcate tettgttgec gatgaaagga tataacagtc tctgaggaaa tacttggtat ttcettctgat cagegttttt ataagtaatg ttgaatattg gataaggetg tgtgtocttt gtettgggag acaaagecca cageaggtag
togttogoty gtggcagete agtgacagga gagotttttt tgcctgtttt ttttgttott tttttttttt aagtaaggtg ttotttttte ttagtaaaat ttctactgoa ctgtatgttt toacaggtca gaaacattte ttcaaaagaa
gaacctttty gaaactgtac agecctttte tttcatteee tttttgettt ctgtgecaat gectttgatt ctgattgeat tatggaaaac gttgatcgoa acttgaggtt tttatttata gtgtggettg aaagettgga tagetgttgt
tacatgagat accttattaa gtttaggeca gettgatget ttattttttt tectttgaag tagtgagegt tetctggttt ttttectttg aaactggega ggcttagatt tttetaatgg gattttttac ctgatgatet agttgeatac
ccaaatgett gtaaatgttt tectagttaa catgttgata actteggatt tacatgttgt atatacttgt catctgtgtt tctagtaaaa atatatggea tttatagaaa tacgtaattc ctgatttect ttttttttta tetetatget
ctgtgtgtac aggtcaaaca gacttcacte ctatttttat ttatagaatt ttatatgeag totgtegttg gttettgtot tgtaaggata cagecttaaa tttectagag cgatgetcag taaggegoot tgtcacatgg gttcaaatat
aaaacgggea cgtttgetge tgectteeca gatccaggac actaaactge ttetgraact gaggtataaa tegettcaga tcecaggaag tgtagateca cgtgeatatt cttaaagaag aatgaatact ttctaaaata tgttggeata
goaagraage tgcatggatt tatttgggac ttaaattatt ttggtaacgg agtgeatagg ttttaaacac agttgeagea tgetaacgag tcacageatt tatgcagaag tgatgectgt tgeagetgtt tacggeactg cettgeagtg
ageattgeag ataggagtog ggtgetttgt gtegtgttgyg gacacgetge cacacageca cetecegaac atatceteace tgetgggtac tttteaaace atcttageag tagtagatga gttactatga aacagagaag ttcctcagtt
goatattcte atgggatgte tttttteeca tgttgggraa agtatgataa ageatctceta tttgtaaatt atgeacttat tagttectga atectttceta tageaccact tattgeagea gotgtagget ctggtgtgge ctgtgtetat
gctteaatet tttaagette tttggaaata caccgacttg attgaagtet cttgaagata gtasacagta cttacctttg atcccaatga aatcgageat ttcagttgta aaagaattcce gectatteat accatgtaat gtaattttac
acceccagtyg ctgacacttt ggaatatatt caagtaatag actttggect caccetettg tgtactgtat tttgtaatag aaaatatttt aaactgtgea tatgattatt acattatgaa agagacattc tgctgatctt caaatgtaag
aaaatgagga gtgegtgtge ttttataaat acaagtatt geaaattagt geaggtgtce ttaaaaaaaa aaaaaagtaa tataaaaagg accaggtgtt ttacaagtga aatacattee tatttggaaa acagttacat ttttatgaag
attaccageg cttgctgact ttetaaacat aaggetgtat tgtcttectg taccattgea tttectcatt cocaatttge acaaggatgt ctgggtaaac tattcaagaa atggetttga aatacageat gggagettat ctgagttgga
atgragagtt gractgcaaa atgtcaggaa atggatgtct ctcagaatge ccaactccaa aggatttata tgtgtatata gtaageagtt tectgattee ageaggecaa agagtetget gaatgttgeg ttgeoggaga cotgtattte
traacaaggt aagatggtat cctagraact gogoatttta atacattttc agragaagta cttagttaat ctctaccttt agggatcgtt tcatcatttt tagatgttat acttgaaata ctgrataact tttagettte atgggttect
tttttteage ctttaggaga ctottaagea atttgetgte caacttttgt gttggtetta aactgeaata gtagtttace ttgtattgaa gaaataaaga cratttttat attaaaaaat acttttgtet gtettcattt tgacttgtet
gatatcettyg cagtgetcat tatgtcagtt ctgtcagata ttcacacate aaaacttaac gtgagetcag tggagttaca getgeggttt tgatgetgtt attatttetg aaactagaaa tgatgttgte tteatctget catcaaacac
tteatgeage agtttaagge tagtgagaaa tgcatacatt tattgatact tttttaaagt caacttttta tcagattttt ttttcatttg gaaatatatt gttttctaga gtegacattg attattgact agttattaat agtaatcaat
tacggggtea ttagtteata geccatatat ggagtteege gttacataac ttacggtaaa tggecegeet ggctgaccge craacgacce cegeccattg acgtcaataa tgacgtatgt teccatagta acgecaatag ggacttteca

ttgacgteaa tgggtggact atttacggta aactgeccac ttggeagtac atcaagtgta tcatatgeca agtacgeece ctattgacgt caatgacggt aaatggeeeg cetggeatta tgeccagtac atgaccttat gggactttee

Figure 2/cont.
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tacttggeag tacatctacq tattagtcat cgetattace atgggtogag gtgageccca cgttetgett cactetecee ateteeccee cetecccace cocaattttg tatt tattta ttttttaatt attttgtgea gegatggogg

999999999 99999L9LIC gLCaggeqyy 9eggageqyy gegagaagey gggegggucy aggegdagag gtgeggegge agecaatcag ageggegege teegaaadgtt teet tttatg gegaggegge ggeggeggeq geectataaa
aagegaagey cgcggeggge gggagteget gegttgectt cgeeeegtge ceegeteege geegectege geegeeegee coggetetga ctgacegegt tacteccaca ggtgageggg cgggacggee cttetectee gggetgtaat
tagegettgg tttaatgacg getegtttet tttetgtgge tgegtgaaag cettaaagag ctecgggagg gecctttgty cggggaggag cagctegogy gatgegtgeg totgtgtatg catggggage geogegtgeg geeegegety
ceeggegget gtgagegetg cgggegegae geggagettt gtgegeteey cgtgtgegeg aggggagege ggeegaggge ggtgeeeeqe gatgeggagy goetegagy ggaa caaagg chgegtgegy gatgtgtaey tggggagaty
ageagggoot gtgggegegy cggteggget gtaaccecee cetgeaceee ceteccegag thgetgagea cggecegget togggtgegy ggeteegte ggggegtgge geggggeteg ceghgeagyq cgggauatag cogeagatag
999tgeeagy €ggggegagy cegectegay cegaggagay ctegggguag gogeqeqyeg geeeeggage geeggegyet gtegaggeqe ggegageege agecattgee ttttatggta ategtgegag agggegeagy gacttecttt
gteecaaate tggeggagee gaaatctggg aggegeegee geacceccte tagegggege gggegaageg gtgeggegee ggcaggaagg aaatgggegy ggagggectt cgtgegtege cgegeegeeg teeecttete catetecage
cteggggetg cegraggaag acggetgeet teggggggga cgggacaggy cogagttegg cttetggegt gtgaccggeg getetagage ctetgetaac catgtteatg cettettett tttectacag ctectgogea acgtgetggt
tattatgety teteatcatt ttogeaaaga attgraattq gatatcacaa gtttgtacaa aaaageagge tagetcacte attaggeace cgtegagate ctgeagtect cggaaccagg accteggegt ggectagega gttatggega
cgaaggeegt gtgegtgetg aagggegacy geccagtgea gggeatcate aatttegage agaaggaaag taatggacca gtgaagotgt ggggaageat taaaggactg actgaaggee tgeatggatt ceatgtteat gagtttggag
ataatacage aggetgtace agtgeaggte cteactttaa tectctatee agaaaacacg gtgggecaaa ggatgaagag aggcatgtty gagacttgg caatgtgact getgacaaag atgeagtgoe cgatgtgtet attgaagatt
ctgtgatcte acteteagga gaccattgea teattggeeg cacactggtg gtecatgaaa aageagatga cttgggraaa ggtggaaatq aagaaagtac aaagacagga aacgctggaa gtegtttoge ttgtgotgta attgggatog

cccaataaac atteecttg atgtagtetg aggecectta actcatetgt tatectgegg cogetegaga getcaggtac cgeggeegeg togagaatte ceggggettt tttatgragg acccagettt co

Figure 2/cont.
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