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Physiologically-tailored tissue organoids are disclosed for
monitoring and treating diseases and improving an individu-
al’s health.
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TISSUE ORGANOIDS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a national stage application
under 35 U.S.C. § 371 of International Application No.
PCT/US2017/065374, filed Dec. 8, 2017, which claims the
benefit of U.S. Provisional Application No. 62/432346, filed
Dec. 9, 2016; U.S. Provisional Application No. 62/432350,
filed Dec. 9, 2016; and U.S. Provisional Application No.
62/554560, filed Sep. 5, 2017, the disclosures of each of
which are explicitly incorporated by reference herein.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

[0002] This invention was made with government support
under grant number RO1AR063630 awarded by the National
Institutes of Health. The government has certain rights in the
invention.

BACKGROUND OF THE INVENTION

Field of the Invention

[0003] This disclosure relates to genetically engineered
tissue organoids capable of noninvasively reporting sensed
biochemical signals in an individual and/or providing a
therapeutic agent to the individual to monitor and/or treat a
disease or improve an individual’s health.

Description of Related Art

[0004] Obesity and diabetes are examples of acute and
growing global health concerns that can require careful
monitoring and therapeutic intervention (see Ahima, R. S.
Digging deeper into obesity. J Clin Invest 121, 2076-2079,
2011). Diabetes, in particular, often requires daily monitor-
ing of blood glucose levels. However, such constant blood
monitoring can be inconvenient, time consuming, and pain-
ful.

[0005] In addition, there are numerous other diseases such
as phenylketonuria, substance addiction, and heart disease,
to name a few, that exhibit elevated blood concentrations of
specific disease-associated indicators or blood factors (e.g.,
amino acids, illicit chemicals, proteins, lipids, enzymes,
metabolites, etc.). However, while certain diseases like
diabetes can require constant indicator monitoring (i.e.,
blood glucose levels), others may only require periodic
monitoring such as once a week or once a month or may
even only require sporadic, on-demand monitoring.

[0006] Recent advances in blood factor monitoring have
provided improved options for individuals, such as diabetics
needing to monitor blood glucose levels. For example,
implantable glucose monitors enable diabetics to continu-
ously monitor blood glucose levels remotely using compat-
ible smart devices. Indeed, biointegrated sensors can address
various monitoring challenges in medicine by transmitting a
wide variety of biological signals, including electrophysi-
ological, physiological, and biochemical information con-
tinuously (see Kim et al. Flexible and stretchable electronics
for biointegrated devices. Annual review of biomedical
engineering 14, 113-128, 2012).

[0007] Concomitant with the requirements of blood moni-
toring for some individuals is the need to receive therapeutic
agents to counter the underlying disease causing the elevated

Apr. 30, 2020

concentrations of disease-associated indicators. For
example, diabetic individuals often require insulin supple-
mentation. Insulin supplementation is typically self-admin-
istered by injection, which similar to blood monitoring, can
be inconvenient, difficult to remember, time consuming, and
painful. Fortunately, as with advances in blood monitoring
technology, new biointegrated devices are becoming avail-
able that provide greater convenience to individuals requir-
ing periodic, self-administered monitoring and administra-
tion of therapeutic agents. For example, devices combining
glucose monitors and insulin pumps are available that con-
stantly monitor glucose levels and periodically deliver rapid-
or short-acting insulin through a catheter, as required. Fur-
ther, “smart insulin patches™ are being developed that inte-
grate thin polymeric platforms covered with needles with
live beta cells.

[0008] There are still other diseases where proteins or
metabolites are either non-functional or expressed at insuf-
ficient levels but do not increase concentrations of a par-
ticular, telltale, disease-associated indicator. For example,
hemophilia A and hemophilia B are genetic diseases where
individuals express insufficient amounts of clotting factors
VIII and IX, respectively. Yet, hemophiliacs can be treated
by replacing these missing clotting factors which can be
harvested from human blood or made recombinantly.
[0009] While advancements in biointegrated device
design and {fabrication using novel nano-materials has
greatly accelerated development for applications in vivo,
including brain, heart, and skin (see Kim et al. and Choi et
al. Recent Advances in Flexible and Stretchable Bio-Elec-
tronic Devices Integrated with Nanomaterials. Advanced
materials 28, 4203-4218, 2016), the requisite biomechanical
interfaces for these devices still remain problematic. For
example, stability, biocompatibility, and potential infection
from the implanted devices remain technically challenging
to the field. Moreover, current biointegrated devices either
require replacement of batteries and/or therapeutic agent
reservoirs and/or must be replaced themselves once their
useful lifespan has been reached.

[0010] In light of the foregoing, there is a need for
improved, stable, and permanent means for constantly moni-
toring a disease state and/or administering therapeutic agents
and that can be physiologically tailored for a specific indi-
vidual.

SUMMARY OF THE INVENTION

[0011] Provided herein are physiologically-tailored tissue
organoids and methods of their use for monitoring and
treating diseases.

[0012] In a first aspect, the invention provides a physi-
ologically-tailored tissue organoid that includes a plurality
of genetically engineered cells including at least one recom-
binant gene encoding a reporter molecule. The reporter
molecule produces a detectable signal when associated with
and/or contacting a predetermined blood factor. In one
embodiment, tissue organoid includes a stratified skin graft
grown from cells taken from an individual. In another
embodiment, the tissue organoid includes a cultured skin
graft grown from embryonic stem cells, human induced
pluripotent stem cells, epidermal stem cells, or keratino-
cytes. In one embodiment, when the tissue organoid is
biontegrated into an individual, the tissue organoid
expresses the reporter molecule in proportion to a concen-
tration of a blood factor in the individual’s blood. In a further
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embodiment, the blood factor includes a cell, an enzyme, a
protein, a polypeptide, an amino acid, a polynucleotide, a
nucleic acid, a sugar, a lipid, a metabolite, a synthetic
chemical compound, a naturally occurring chemical com-
pound, a mineral, a metal, a bacterium, a virus, a prion, a
disease indicator, or combinations thereof. In one embodi-
ment, the physiologically-tailored tissue organoid is bioin-
tegrated into an individual. The individual can be an animal.
[0013] In a second aspect, the invention provides a physi-
ologically-tailored tissue organoid includes a plurality of
genetically engineered cells comprising at least one recom-
binant gene encoding a therapeutic agent. When the thera-
peutic agent is administered to an individual in need thereof,
the therapeutic agent improves the individual’s health. In
one embodiment, the therapeutic agent comprises an
enzyme, a protein, a clotting factor, a vitamin, a peptide, a
lipid, a toxin, or a combination thereof. In another embodi-
ment, expression of the therapeutic agent is inducible by an
inducer. The inducer can be one or more of heat, cold, light,
a protein, a hormone, a lipid, a chemical, a metabolic
change, an electric potential or field, and combinations
thereof. In one embodiment, when expression of the thera-
peutic agent is induced, the therapeutic agent is released into
the individual’s circulation. In another embodiment, the
physiologically-tailored tissue organoid can biointegrated
into an individual. The individual can be an animal. The
predetermined blood factor can be glucose.

[0014] In a third aspect, the invention provides a physi-
ologically-tailored tissue organoid including a plurality of
genetically engineered cells comprising at least one recom-
binant gene encoding a reporter molecule and at least one
recombinant gene encoding a therapeutic agent. The thera-
peutic agent is expressed as a function of expression of the
reporter molecule.

[0015] In a fourth aspect, the invention provides a method
of monitoring a blood factor including biointegrating a
tissue organoid according to any of the preceding aspects or
embodiments into an individual and detecting a detectable
signal produced by a reporter molecule expressed by the
tissue organoid in response to a blood factor. The detectable
signal is proportional to a concentration of the blood factor
in the individual. In one embodiment of the method, the
tissue organoids are biointegrated into an individual by
grafting or surgical implantation. In another embodiment of
the method, the detectable signal is detected by one or more
of a fluorometer, a colorimeter, a bioluminescence monitor-
ing system, and an electrical system with proper electrodes.
[0016] Ina fifth aspect, the invention provides a method of
treating a disease in an individual in need thereof. The
method includes biointegrating a tissue organoid according
to any of the preceding aspects or embodiments into an
individual and administering a therapeutic agent to the
individual. In one embodiment, the individual is a human.
[0017] In a sixth aspect, the invention provides a physi-
ologically-tailored tissue organoid includes a population of
genetically engineered cells comprising at least one recom-
binant gene encoding a therapeutic agent. The therapeutic
agent comprises at least one of mGLP1 and hBChE, and
when the therapeutic agent is administered to an individual
in need thereof, the therapeutic agent improves the individu-
al’s health. In one embodiment, the therapeutic agent
improves the individual’s health by reducing the individu-
al’s seeking and/or consumption of at least one of nicotine,
alcohol, cocaine, and amphetamine.
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[0018] In a seventh aspect, the invention provides a
method of treating cocaine addiction in an individual in need
thereof, the method including contacting a tissue organoid to
the individual, the tissue organoid comprising a population
of genetically engineered cells comprising at least one
recombinant gene encoding a therapeutic agent, wherein the
therapeutic agent comprises hBChE. In one embodiment, the
tissue organoid is transplanted into the individual. In one
embodiment, hBChE is expressed constitutively or by
induction with an inducer. In one embodiment, the expres-
sion of hBChE hydrolyzes cocaine in the blood of the
individual. In one embodiment, the expression of hBChE
causes decreased cocaine seeking and/or consumption by the
individual.

[0019] In an eighth aspect, the invention provides a
method of treating AUD in an individual in need thereof, the
method including contacting a tissue organoid to the indi-
vidual, the tissue organoid comprising a population of
genetically engineered cells comprising at least one recom-
binant gene encoding a therapeutic agent, wherein the thera-
peutic agent comprises mGLP1 or an analog thereof. In one
embodiment, the tissue organoid is transplanted into the
individual. In one embodiment, the mGLP1 or the analog
thereof is expressed constitutively or by induction with an
inducer. In one embodiment, the expression of mGLP1 or
the analog thereof causes decreased alcohol seeking and/or
consumption by the individual.

[0020] In a ninth aspect, the invention provides a method
of treating nicotine addiction in an individual in need
thereof, the method including contacting a tissue organoid to
the individual, the tissue organoid comprising a population
of genetically engineered cells comprising at least one
recombinant gene encoding a therapeutic agent, wherein the
therapeutic agent comprises mGLP1 or an analog thereof. In
one embodiment, the tissue organoid is transplanted into the
individual. In one embodiment, mGLP1 or the analog
thereof is expressed constitutively or by induction with an
inducer. In one embodiment, the expression of mGLP1 or
the analog thereof causes decreased nicotine seeking and
consumption by the individual.

[0021] In a tenth aspect, the invention provides a method
of treating amphetamine addiction in an individual in need
thereof, the method including contacting a tissue organoid to
the individual, the tissue organoid comprising a population
of genetically engineered cells comprising at least one
recombinant gene encoding a therapeutic agent, wherein the
therapeutic agent comprises mGLP1 or an analog thereof. In
one embodiment, the tissue organoid is transplanted into the
individual. In one embodiment, mGLP1 or the analog
thereof is expressed constitutively or by induction with an
inducer. In one embodiment, the expression of mGLP1
causes decreased amphetamine seeking and consumption by
the individual.

[0022] In an eleventh aspect, the invention provides a
method of treating obesity in an individual in need thereof,
the method including contacting a tissue organoid to the
individual, the tissue organoid comprising a population of
genetically engineered cells comprising at least one recom-
binant gene encoding a therapeutic agent, wherein the thera-
peutic agent comprises peptide tyrosine tyrosine (PYY) or
an analog thereof. In one embodiment, the tissue organoid is
transplanted into the individual. In one embodiment, PYY or
the analog thereof is expressed constitutively or by induction
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with an inducer. In one embodiment, the expression of PYY
causes decreased food seeking and consumption by the
individual.

[0023] In a twelfth aspect, the invention provides a
method of treating the effects of aging in an individual in
need thereof, the method including contacting a tissue
organoid to the individual, the tissue organoid comprising a
population of genetically engineered cells comprising at
least one recombinant gene encoding a therapeutic agent,
wherein the therapeutic agent comprises tissue inhibitor of
metalloproteinases 2 (TIMP2) or an analog thereof. In one
embodiment, the tissue organoid is transplanted into the
individual. In one embodiment, TIMP2 or the analog thereof
is expressed constitutively or by induction with an inducer.
In one embodiment, the expression of TIMP2 causes a
decrease in the negative effects of aging in an individual. In
one embodiment, the negative effects of aging include
memory loss, reduced vascular response, and/or reduced
immune response.

[0024] These and other features and advantages of the
present invention will be more fully understood from the
following detailed description taken together with the
accompanying claims. It is noted that the scope of the claims
is defined by the recitations therein and not by the specific
discussion of features and advantages set forth in the present
description.

DESCRIPTION OF DRAWINGS

[0025] FIG. 1. Development of a mouse-to-mouse cuta-
neous gene transfer model with immunocompetent hosts.
FIG. 1A: Diagram of the cutaneous gene transfer strategy.
Primary epidermal stem cells are isolated and cultured from
patients’ skin biopsy. The cells are genetically modified with
genome editing technology, and the resultant cells are used
to generate skin organoids and transplant to the same patient
for clinical applications. FIG. 1B: Images of immunocom-
petent mice (CD1 strain or C57BL/6]J strain) grafted with
isogenic skin organoids with (left two panels) or without
(right panel, direct grafting) the assistance of skin dome
chamber for transplantation. Intravital imaging shows effi-
cient incorporation of grafted cells expressing luciferase
(Luc) upon engraftment. Ctrl: control. FIG. 1C: Sections of
CD1 skin with grafted H2B-RFP-expressing keratinocytes
were stained with DAPI. Dotted lines denote dermal—
epidermal boundaries. Arrow heads denote the boundary
between grafted skin and host skin. Scale bar=50 um. Epi:
epidermis, Der: dermis, HF: hair follicle. FIGS. D-F: Sec-
tions of grafted skin and adjacent host skin were immunos-
tained with different antibodies as indicated (Krt14: keratin
14, KrtlO: keratin 10, Lor: Loricrin, p4: p4-integrin,
CD104). Scale bar=50 pm. FIG. 1G: Proliferation of epi-
dermal cells in host or grafted skin one or four weeks post
skin transplantation was determined and quantified by
immunohistological staining with antibody against phos-
phor-histone H3. A significant decrease in cell proliferation
was observed over time after skin grafting, most likely due
to skin wound healing. There is no significant change in cell
proliferation between the grafted skin and adjacent host skin
(P>0.05). Error bar represents s.d. (standard deviation)
unless otherwise indicated. The sample size (n)=7 (7 repre-
sentative sections obtained from 3 different animals for each
group).

[0026] FIG. 2. Engineering skin epidermal stem cells with
CRISPR. FIG. 2A: Diagram showing the Rosa26 targeting
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strategy for expression of glucose sensor GGBP. The tar-
geting vector contains two Rosa26 homology arms, flanking
the expression cassette for GGBP and a selection marker
(puromycin resistant gene, Puro) by a constitutive promoter
UbiC (Ubiquitin C promoter). GGBP and Puro are separated
by a self-cleavable peptide T2A. FIG. 2B: Integration of the
targeting vector into Rosa26 locus was verified by PCR (left
panel) and southern blotting (right panel). Positive clones
displayed an additional band of the expected size. FIG. 2C:
Expression of GGBP sensor was confirmed in targeted cells
by fluorescence imaging. Scale bar=20 um. FIG. 2D: FRET
ratio images were pseudocolored to demonstrate glucose-
dependent ratio changes in engineered cells. Red indicates
high (H) FRET efficiency, and blue represents low (L)
efficiency. M: medium FRET efficiency. Integration of the
ratio over the entire cells was used to quantify the FRET
ratio changes. FIG. 2E: The FRET ratio change of GGBP
reporter was determined in the presence of various mono-
saccharides or oligosaccharides at different concentration.
Note: only glucose and galactose led to significant FRET
ratio changes (P<0.01). n>6 (individual cells). FIG. 2F:
FACS (fluorescence activated cell sorting) demonstrated
similar cell cycle profiles for WT (wild type) and GGBP-
expressing epidermal stem cells. PI: propidium iodine. FIG.
2G: Western blotting analysis of early (Krt10) and late
(loricrin) differentiation marker expression in WT and
GGBP-expressing cells upon calcium shift. Band intensity
was determined by densitometry and fold of induction was
quantified. n=4 (4 independent tests). P>0.05. FIG. 2H: WT
cells or GGBP cells were tested for anchorage independent
growth in soft agar. Note: no growth for WT or GGBP cells,
but tumor initiating cells isolated from skin SCC (squamous
cell carcinoma) can readily produce colonies in soft agar
plate. n=3. P<0.01 (between WT and SCC or GGBP and
SCC).

[0027] FIG. 3. Transfecting skin cells in vivo with elec-
troporation. FIG. 3A: CD1 mice were electroporated intra-
dermally with plasmid DNA encoding luciferase. Expres-
sion of luciferase was determined by bioluminescence
imaging two days after treatment. FIG. 3B: CD1 mice were
electroporated intradermally with plasmid DNA encoding
tdTomato. Expression of red fluorescence protein was deter-
mined by intravital imaging with two-photon microscope.
Arrows denote tdTomato-expressing cells in skin.

[0028] FIG. 4. Monitoring changes of blood glucose level
with GGBP reporter in vivo. FIG. 4A: Skin organoids were
developed from control or GGBP-producing cells, and trans-
planted to CD1 mice. FIG. 4B: Glucose fluctuation was
induced in grafted animal with IPGTT (intraperitoneal glu-
cose tolerance test). FRET ratio images were pseudocolored
to demonstrate glucose-dependent ratio changes in grafted
skin. Red indicates high FRET efficiency, and blue repre-
sents low efficiency. FIG. 4C and 4D: Correlation of FRET
ratio with blood glucose concentration upon IPGTT (intra-
peritoneal glucose tolerance test). n=9 (integrated FRET
value from 9 different fields at each time point). FIG. 4E and
4F: Insulin injection was used to induce hypoglycemia in the
grafted animals. Intravital imaging with the grafted skin
demonstrated the correlation between FRET ratios of GGBP
reporter with blood glucose concentration. n=9 (integrated
FRET value from 9 different fields at each time point). FIG.
4G: Secretion of GLP1 in cell culture medium was deter-
mined by ELISA (enzyme-linked immunosorbent assay).
n=3 (3 independent tests). P<0.01. FIG. 4H: Conditioned
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medium was collected from different cell cultures and used
to treat starved insulinoma cells. Secretion of insulin in vitro
was determined by ELISA. n=4 (4 independent tests). P<0.
01. FIG. 4I: Images of control and GLP1 animals fed with
HFD (high fat diet). FIG. 4J: Body weight change of
different cohorts of mice measured from ~10 weeks of age.
Note that the HFD induced significant obesity in control
mice (P<0.01, between control mice with normal diet or
HFD for week 8-10) but that expression of GLP1 inhibited
weight gain (P<0.05, between GLP1/HFD and control/HFD
groups for week 8-10). n=5 (animals). FIG. 4K: Correlation
of FRET ratio with blood glucose concentration over time
upon IPGTT in control and GLP1 mice. n=9 (integrated
FRET value from 9 different fields at each time point). FIG.
41, and 4M: Correlation of blood glucose concentration with
GGBP FRET changes in control (L) and GLP1 (M) mice.
n=9 (integrated FRET value from 9 different fields at each
time point).

[0029] FIG. 5. Expression of GGBP reporter in human
epidermal stem cells with CRISPR. FIG. 5A: Image of nude
mouse grafted with organotypic human skin culture. Intra-
vital imaging shows efficient incorporation of grafted cells
expressing luciferase. FIG. 5B: Sections of grafted skin and
adjacent host skin were immunostained with different anti-
bodies as indicated. Scale bar=50 pm. FIG. 5C: Integration
of the targeting vector into AAVS1 locus was verified by
southern blotting. Positive clones display an additional band
of the expected size. FIG. 5D: Glucose fluctuation was
induced in grafted animal with an IPGTT (intraperitoneal
glucose tolerance test). FRET ratio images were pseudocol-
ored to demonstrate glucose-dependent ratio changes in
grafted skin. Red indicates high FRET efficiency, and blue
represents low efficiency. FIG. 5E and 5F: Correlation of
FRET ratio with blood glucose concentration upon IPGTT.
n=9 (integrated FRET value from 9 different fields at each
time point).

[0030] FIG. 6. Development of a mouse-to-mouse cuta-
neous gene transfer model with immunocompetent hosts.
FIG. 6A: Diagram demonstrating the procedure for skin
organotypic culture in vitro. Epidermal progenitor cells were
plated on top of acellularized dermis, and then exposed to
air/liquid interphase to induce differentiation and stratifica-
tion as skin epidermis in vivo. FIGS. 6B and 6C: H/E
(haematoxylin and eosin) staining of grafted skin and adja-
cent host skin one (B) or four (C) weeks after skin trans-
plantation. Scale bar=50 pm. FIG. 6D: Apoptosis of epider-
mal cells in host or grafted skin one or four weeks post skin
transplantation was determined and quantified by immuno-
histological staining with antibody against active caspase 3.
Error bar represents s.d. (standard deviation) unless other-
wise indicated. n=4 (4 independent tests). P>0.05.

[0031] FIG. 7. Engineering GGBP-producing skin epider-
mal progenitor cells with CRISPR. FIG. 7A: Diagram
showing Rosa26 targeting strategy for expression of GGBP.
Expression vector encoding D10A mutant of cas9 and two
gRNAs targeting Rosa26 locus is used to create the cleavage
in the chromosomal DNA and enhance integration of GGBP
targeting vector. FIG. 7B: Cell proliferation of control (Ctrl)
and GGBP-expressing cells. Fold increase of cell numbers is
quantified for all cell types. n=3 (4 independent tests).
P>0.05 for each time point between ctrl and GGBP groups.
FIG. 7C: Control or GGBP targeted epidermal progenitor
cells can produce similar skin organoids in vitro. Scale
bar=50 pm.
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[0032] FIG. 8. Engraftment of GGBP-expressing cells in
vivo. FIGS. 8A-8C: Sections of grafted skin were immu-
nostained with different antibodies as indicated (Krtl14:
keratin 14, Krt10: keratin 10, Lor: Loricrin, p4: p4-integrin,
CD104). Dotted lines denote dermal—epidermal boundar-
ies. Epi: epidermis; Der: dermis. Scale bar=50 um. FI1G. 8D:
Proliferation of epidermal cells in control or GGBP skin
grafts was determined and quantified by immunohistological
staining with antibody against phosphor-histone H3. n=7 (7
sections obtained from 2 animals for each group). P>0.05.
FIG. 8E: Apoptosis of epidermal cells in host or grafted skin
one or four weeks post skin transplantation was determined
and quantified by immunohistological staining with anti-
body against active caspase 3. n=6 (6 sections obtained from
2 animals for each group). P>0.05. FIG. 8F: Diagram
showing Rosa26 targeting strategy for expression of GGBP
and GLP1 simultaneously. Coding sequences of GGBP and
GLP1 is separated by IRES (internal ribosome entry site).

[0033] FIG. 9. Expression of GGBP in human epidermal
progenitor cells with CRISPR. FIG. 9A: Diagram showing
AAVSI targeting strategy for expression of GGBP. Expres-
sion vector encoding D10A mutant of cas9 and two gRNAs
targeting AAVS1 locus is used to create the cleavage in the
chromosomal DNA and enhance integration of GGBP tar-
geting vector. FIG. 9B: FACS (fluorescence activated cell
sorting) demonstrates similar cell cycle profiles of WT (wild
type) and GGBP-expressing epidermal progenitor cells
before and after doxycycline treatment. PI: propidium
iodine. FIG. 9C: Western blotting analysis of early (C) and
late (D) differentiation marker expression in VVT and
GGBP-expressing cells upon calcium shift. Band intensity
was determined by densitometry and fold of induction is
quantified. Krt10: keratin 10; Lor: loricrin. n=4 (4 indepen-
dent tests). P>0.05. FIGS. 9D and 9E: Sections of grafted
skin were immunostained with different antibodies as indi-
cated. Scale bar=50 um. FIGS. 9F and 9G: Proliferation and
apoptosis of epidermal cells in control or GGBP skin grafts
was determined and quantified by immunohistological stain-
ing with antibody against phosphor-histone H3 and active
caspase 3 respectively. For proliferation, n=7 (7 sections
obtained from 2 animals for each group). P>0.05. For
apoptosis, n=6 (6 sections obtained from 2 animals for each
group). P>0.05.

[0034] FIG. 10. Engineering GLP1-producing skin epider-
mal stem cells with CRISPR. FIG. 10A: Diagram showing
the Rosa26 targeting strategy for expression of GLP1. The
targeting vector contains two Rosa26 homology arms, flank-
ing the expression cassette for GLP1. The tetracycline-
inducible expression cassette drives expression of Tet3G
(tetracycline transactivator) protein and a selection marker
(puromycin resistant gene, Puro) by a constitutive promoter
UbiC (Ubiquitin C promoter). Tet3G and Puro are separated
by a self-cleavable peptide T2A. Expression of the GLP1
fusion protein is controlled by TRE (tet-on) promoter. A
transcriptional stop signal (ST) is included in front of the
TRE promoter to eliminate the leakage expression of GLP1.
FIG. 10B: Integration of the targeting vector into Rosa26
locus is verified by PCR (left panel) and southern blotting
(right panel). Positive clones display an additional band of
the expected size. FIG. 10C: Secretion of GLP1 in cell
culture medium is determined by ELISA (enzyme-linked
immunosorbent assay) upon stimulation with different
amount of doxycycline (Doxy). FIG. 10D: Conditioned
medium is collected from different cell cultures and used to
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treat starved insulinoma cells. Secretion of insulin in vitro is
determined by ELISA. FIG. 10E: FACS (fluorescence acti-
vated cell sorting) demonstrates similar cell cycle profiles
for VVT (wild type) and GLP1-expressing epidermal stem
cells after doxycycline treatment. PI: propidium iodine.
FIGS. 10F and 10G: Western blotting analysis of early (F)
and late (G) differentiation marker expression in WT and
GLP1-expressing cells upon calcium shift. Band intensity
was determined by densitometry and fold of induction is
quantified. Krt10: keratin 10; Lor: loricrin. FIG. 10H: WT
cells or GLP1 cells with or without doxycycline treatment
are tested for anchorage independent growth in soft agar.
Note no growth for WT or GLP1 cells, but tumor initiating
cells isolated from skin SCC (squamous cell carcinoma) can
readily produce colonies in soft agar plate.

[0035] FIG. 11. Stable delivery of GLP1 in vivo through
mouse-to-mouse skin transplantation. FIG. 11A: Images of
immunocompetent mice (CD1 strain) grafted with isogenic
skin organoids generated from GLP1-expressing cells. Cells
are infected with lentivirus encoding Luciferase before
grafting, and intravital imaging shows efficient incorpora-
tion of grafted cells. FIG. 11B: Histological examination of
grafted GLP1 skin and adjacent host skin as control (Ctrl).
Scale bar=50 um. Epi: epidermis, Der: dermis, HF: hair
follicle. FIGS. 11C-11E: Sections of grafted skin and adja-
cent host skin (ctrl) were immunostained with different
antibodies as indicated (Krt14: keratin 14, Krt10: keratin 10,
Lor: Loricrin, p4: p4-integrin, CD104). Scale bar=50 pm.
FIG. 11F: Skin organoids are developed from control or
GLP1-producing cells, and transplanted to CD1 mice. The
level of GLP1 in blood is determined by ELISA. Doxycy-
cline-containing food can activate GLP1 secretion in vivo.
FIG. 11G: CD1 mice are grafted with control or GLP1 skin
organoids, and treated with or without doxycycline. Pres-
ence of GLP1 in blood is determined by ELISA for 16 weeks
after engraftment.

[0036] FIG. 12. Expression of GLP1 in epidermal stem
cells improves body weight and glucose homeostasis in
vivo. FIG. 12A: Images of control and grafted animals fed
a regular diet or a HFD (high fat diet). FIG. 12B: Repre-
sentative images of white fat tissue histological examina-
tions. Scale bar=100 um. FIG. 12C: Body weight change of
different cohorts of mice measured from ~10 weeks of age.
Note that the HFD induced significant obesity in control
mice but that expression of GLP1 by doxycycline stimula-
tion inhibited weight gain. FIGS. 120-12E: IPGTT (intrap-
eritoneal glucose tolerance test) for control (D) and GLP1
grafted (E) animals. Blood glucose concentration as a func-
tion of time following intraperitoneal injection of glucose
showed improved glucose tolerance in GLP1-expressing
mice fed a HFD. FIGS. 12F and 12G: ITT (insulin tolerance
test). Profile of glucose concentration (percentage of initial
value) as a function of time following intraperitoneal injec-
tion of insulin shows reduced insulin resistance in GLP1-
expressing mice.

[0037] FIG. 13. Expression of GLP1 in human epidermal
stem cells with CRISPR. FIG. 13A: Image of nude mouse
grafted with organotypic human skin culture. Intravital
imaging shows efficient incorporation of grafted cells
expressing luciferase upon engraftment. FIG. 13B: Sections
of grafted skin and adjacent host skin were immunostained
with different antibodies as indicated. Scale bar=50 pum.
FIG. 13C: Integration of the targeting vector into AAVSI1
locus is verified by southern blotting. Positive clones display
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an additional band of the expected size. FIG. 13D: Secretion
of GLP1 into the culture medium was determined by the
ELISA upon stimulation with different concentrations of
doxycycline (Doxy). FIG. 13E: Conditioned medium was
collected from control and GLP1-expressing cells, cultured
in the presence and absence of Doxy, and used to treat
starved insulinoma cells. Secretion of insulin in vitro was
determined by ELISA. FIG. 13F: H&E staining of skin
organoids developed from control or GLP1-producing
human cells, and transplanted to nude mice. FIG. 13G: Level
of GLP1 was determine by ELISA in blood from control and
grafted nude mice fed either a standard or Doxycycline-
containing food to activate GLP-1 secretion in vivo.

[0038] FIG. 14. Engineering GLP1-producing skin epider-
mal progenitor cells with CRISPR. FIG. 14A: Cell prolif-
eration of control (Ctrl) and GLP1-expressing cells. Fold
increase of cell numbers is quantified for all cell types. FIG.
14B: Control or GLPI1 targeted epidermal progenitor cells
can produce similar skin organoids in vitro. Scale bar=50
pm.

[0039] FIG. 15. Stable delivery of GLP1 in vivo through
mouse-to-mouse skin transplantation. FIG. 15A: Prolifera-
tion of epidermal cells in control or GLP1 skin grafts was
determined and quantified by immunohistological staining
with antibody against phosphor-histone H3. FIG. 15B:
Apoptosis of epidermal cells in host or grafted skin one or
four weeks post skin transplantation was determined and
quantified by immunohistological staining with antibody
against active caspase 3.

[0040] FIG. 16. Expression of GLP1 in human epidermal
progenitor cells with CRISPR. FIG. 16A: Diagram showing
AAVSI targeting strategy for expression of GLP1. Expres-
sion vector encoding D10A mutant of cas9 and two gRNAs
targeting AAVS1 locus is used to create the cleavage in the
chromosomal DNA and enhance integration of GLP1 tar-
geting vector. FIG. 16B: FACS (fluorescence activated cell
sorting) demonstrates similar cell cycle profiles of VVT
(wild type) and GLP1-expressing epidermal progenitor cells
before and after doxycycline treatment. PI: propidium
iodine. FIGS. 16C and 16D: Western blotting analysis of
early (C) and late (D) differentiation marker expression in
VVT and GLP1-expressing cells upon calcium shift. Band
intensity was determined by densitometry and fold of induc-
tion is quantified. Krt10: keratin 10; Lor: loricrin. FIG. 16E:
Proliferation of epidermal cells in control or GLP1 skin
grafts was determined and quantified by immunohistological
staining with antibody against phosphor-histone H3. FIGS.
16F and 16G: Sections of grafted skin were immunostained
with different antibodies as indicated. Scale bar=50 pum.

[0041] FIG. 17. CPP apparatus. FIG. 17 shows a three
compartment CPP apparatus that includes two large condi-
tioning compartments with different colors and floor tex-
tures. The CPP apparatus (Med Associates, E. Fairfield, Vt.
USA) consisted of two larger chambers (16.8x12.7x12.7
cm), which were separated by a smaller chamber (7.2x12.
7x12.7 cm) as previously described (Yan et al, 2013). Each
chamber had a unique combination of visual and tactile
properties (one large chamber had black walls and a rod
floor, the other larger chamber had white walls with a mesh
floor, whereas the middle chamber had gray walls and a solid
gray floor). Each compartment had a light embedded in a
clear, Plexiglas hinged lid. Time spent in each chamber was
measure via photobeam breaks and recorded. CPP was
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determined on testing days via time spent in the drug-paired
side minus time spent in the saline-paired side.

[0042] FIG. 18. Engraftment of hBChE-expressing cells
can attenuate CPP acquisition and reinstatement induced by
cocaine. 18A: After engraftment, GhBChE (grafted hBChE
expressing cells) and GWT (grafted wild type cells) mice
underwent pretest (Day 1), cocaine conditioning (Day 2 to
Day 5) and CPP expression test (Day 6). Data represent
mean+SEM (n=9 in each group, treatmentxdays interaction:
F, 1674.94, PG0.05). 18B: After engraftment, GhBChE and
GWT mice underwent pretest (Day 1), ethanol conditioning
(Day 2 to Day 5) and CPP testing (day 6). Data represent
mean+SEM (n=8 in each group, treatmentxdays interaction:
F | 1,=0.07, not significant). **PG0.01 compared to pretest
(Fisher’s t-test). 18C: Mice acquired similar levels of
cocaine CPP after pretest, cocaine conditioning and test and
underwent engrafting surgery on Day 7. Following 10 days
of recovery, GhBChE and GWT mice underwent extinction
till Day 31. During reinstatement on Day 32, GhBChE and
GVVT mice were given a cocaine injection and CPP was
measured again. Data show mean+SEM (n=8 in each group,
treatmentxdays interaction: F5 ,,=12.34, P<0.001). 18D:
Mice acquired similar levels of ethanol CPP after pretest,
ethanol conditioning and test from Day 1 to Day 6, and
underwent extinction till Day 20. During reinstatement on
Day 21, were given an ethanol injection and CPP was
recorded (mean+SEM) (n=8 in each group, treatmentxdays
interaction: F; ,,=0.05, not significant). *PG0.05 compared
to last extinction (Fishers t-test).

[0043] FIG. 19. Expression of engineered hBChE via
genome editing in skin epidermal stem cells. FIG. 19A:
Targeting strategy for the expression of engineered hBChE.
The targeting vector contains two Rosa26 homology arms,
flanking the expression cassette for hBChE and a selection
marker (puromycin resistant gene, Puro) by a constitutive
promoter UbiC (Ubiquitin C promoter). hBChE and Puro
were separated by a self-cleavable peptide T2A. gRNA:
guide RNA. FIG. 19B: Integration of the targeting vector
into Rosa26 locus was verified by PCR (left panel) and
southern blotting (right panel). Positive clones displayed an
additional band of the expected size. FIG. 19C: Confirma-
tion of hBChE expression in targeted cells by immunoblots
with different antibodies. FIG. 19D: Confirmation of secre-
tion of engineered hBChE in the culture media by ELISA.
FIG. 19E: Cocaine hydrolysis activity in vitro. Cell cultured
supernatants were collected from cells targeted by hBChE or
mBChE. Cocaine hydrolysis activity was examined by a
clearance assay in vitro. FIG. 19F: Cell cycle profiles. FACS
(fluorescence activated cell sorting) of control (Ctrl) and
hBChE-expressing epidermal stem cells. PI: propidium
iodine.

[0044] FIG. 20. Engineering hBChE-producing skin epi-
dermal progenitor cells with CRISPR. 20A: Cell prolifera-
tion of control (Ctrl) and hBChE-expressing cells. Fold
increase of cell numbers is quantified for all cell types. 20B:
Western blotting analysis of early (Krt10: keratin10) and late
(Lor: loricrin) differentiation marker expression in WT and
hBChE-expressing cells upon calcium shift. Band intensity
was determined by densitometry and fold of induction is
quantified. 20C: WT cells or hBChE cells were tested for
anchorage independent growth in soft agar. Note no growth
for VVT or hBChE cells, but tumor initiating cells isolated
from skin SCC (squamous cell carcinoma) can readily
produce colonies in soft agar plate.
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[0045] FIG. 21. Stable delivery of engineered hBChE in
vivo through mouse-to-mouse skin transplantation. 21A:
Control or hBChE targeted epidermal progenitor cells can
produce similar skin organoids in vitro. Scale bar=50 pum.
21B: Grafted skins were collected from mice grafted with
control (GVVT) or hBChE skin organoids (GhBChE). Cell
proliferation was determined and quantified by immunohis-
tological staining with antibody against phospho-histone 3.
21C: Apoptosis of epidermal cells in control or hBChE skin
grafts was determined and quantified by immunohistological
staining with antibody against active caspase 3.

[0046] FIG. 22. Engraftment of hBChE-expressing cells
can protect against cocaine overdose. 22A: Skin organoids
are developed from control or hBChE-producing cells, and
transplanted to the host mice. Cells were infected with
lentivirus encoding firefly luciferase before engraftment to
allow intravital imaging of the skin grafts. 22B: Histological
examination of grafted skin collected from mice grafted with
control (GVVT) or hBChE skin organoids (GhBChE). Scale
bar=50 um. 22C: Sections of grafted skin were immunos-
tained with different antibodies as indicated (Krt10: keratin
10, a marker for early epidermal differentiation, Lor: Lori-
crin, a marker for early epidermal differentiation, 4: p4-in-
tegrin, CD104, a marker for skin basement membrane).
Dashed lines denote the basement of skin. Epi: epidermis,
Der: dermis. Scale bar=50 um. 22D: Mice are grafted with
control or hBChE skin organoids. Presence of hBChE in
blood was determined by ELISA for 10 weeks after engraft-
ment (n=5 mice in each group). 22E: Lethality rates after
injection ot 40, 80, 120, 160 mg/kg cocaine in GhBChE and
GVVT mice (n=8 in each group). 22F: Lethality rate after
injections of 34, 68, 100, 160 mg/kg METH (methamphet-
amine) in GhBChE and GWT mice (n=8 in each group).

[0047] FIG. 23. Expression of hBChE in human epidermal
stem cells with CRISPR. 23A: The AAVSI targeting strat-
egy for expression of engineered hBChE. The targeting
vector contains two AAVS1 homology arms, flanking the
expression cassette for hBChE and a selection marker (puro-
mycin resistant gene, Puro) by a constitutive promoter UbiC
(Ubiquitin C promoter). hBChE and Puro are separated by
a self-cleavable peptide T2A. 23B Integration of the target-
ing vector into AAVS1 locus is verified by southern blotting.
Positive clones display an additional band of the expected
size. 23C: Expression of hBChE is confirmed in targeted
cells by immunoblots with different antibodies as indicated.
23D: Secretion of engineered hBChE in the culture media is
confirmed by ELISA. 23E: Image of nude mouse grafted
with organotypic human skin culture. Intravital imaging
shows efficient incorporation of grafted cells expressing
luciferase (right side) or control cells (left side) upon
engraftment. 23F: Sections of grafted skin were immunos-
tained with different antibodies as indicated. Dashed lines
denote the basement of skin. Scale bar=50 um. 23G: Mice
are grafted with control or hBChE skin organoids. Presence
of hBChE in blood was determined by ELISA for 8 weeks
after engraftment (n=3 mice in each group).

[0048] FIG. 24. Expression of hBChE in human epidermal
progenitor cells with CRISPR. 24A: FACS (fluorescence
activated cell sorting) demonstrates similar cell cycle pro-
files for control (Ctrl) and hBChE-expressing epidermal
stem cells. PI: propidium iodine. 24B: Western blotting
analysis of early (Krt10: keratin10) and late (Lor: loricrin)
differentiation marker expression in WT and hBChE-ex-
pressing human epidermal stem cells upon calcium shift.
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Band intensity was determined by densitometry and fold of
induction is quantified. 24C: Grafted skins were collected
from mice grafted with control or hBChE skin organoids.
Cell proliferation was determined and quantified by immu-
nohistological staining with antibody against phospho-his-
tone 3. 24D: Apoptosis of epidermal cells in control or
hBChE skin grafts was determined and quantified by immu-
nohistological staining with antibody against active caspase
3.

[0049] FIG. 25. Engineering mGLP1-producing skin epi-
dermal stem cells with CRISPR. CRISPR-mediated knockin
of DImGLP1 in mouse epidermal progenitor cells and
dox-regulated mGLP1 expression. FIG. 25A: Targeting vec-
tor contains two Rosa26 homology arms flanking a dox-
responsive expression cassette encoding mGLP1. Expres-
sion of Tet3G (a transactivator) and Puromycin resistance
(Puro) connected by a T2A peptide is controlled by an
Ubiquitin C (Ubi) promoter. ST is a signal to increase TRE
promoter specificity. FIG. 25B: PCR and southern verifica-
tion of knockin of DImGLP1. FIG. 25C: Dox-induced
mGLP1 expression in plasma of GLP1 mice. FIG. 25D:
Long-term mGLP1 expression in GLP1 mice.

[0050] FIG. 26. mGLP1 expression on ethanol-induced
CPP. GLP1 mice did not exhibit significant ethanol-induced
CPP. Following 2 free explorations (Pre-test) on day 1,
separate groups of GLP1 and GVVT mice (n=9 each)
received alternative ethanol (2 g/kg) and saline i.p. injec-
tions twice daily for the next 4 days, as previously described
(Chen et al., Dopamine D1 and D3 receptors are differen-
tially involved in cue-elicited cocaine seeking. J. Neuro-
chem. 114, 530-541 (2010); Kong et al., Activation of
dopamine D3 receptors inhibits reward-related learning
induced by cocaine. Neurosci. 176, 152-161 (2011)). CPP
expression was tested on day 6. Results represent
mean+SEM time spent on the drug-paired side minus the
saline-paired side. Repeated-measures ANOVA with test
days as the within group factor and status of grafting as the
between-subject factor were used (Chen et al., 2010; Kong
et al, 2011). F value was calculated and Newman-Keuls
post-hoc test was performed (Chen et al., 2010; Kong et al.,
2011). GLP1 and WT mice were on dox food for the entire
duration.

[0051] FIG. 27. Expression of Spider-derived pain pep-
tides in human epidermal progenitor cells with CRISPR.
Diagram showing a contemplated targeting vector for treat-
ment of alcoholism by cutaneous expression of spider
derived pain peptides (toxins), DkTx (SEQ ID NO: 36) or
VaTx (SEQ ID NO: 35). SP: signal peptide; F: furin cleav-
age site; [gG-Fc: mouse (SEQ ID NO: 34) or human IgG-Fc
(SEQ ID NO: 39) fragment. Contemplated VatX3 and DkTx
target vector cassettes are represented by SEQ ID NOS: 37
and 38, respectively.

[0052] FIG. 28. Expression of PAL in human epidermal
progenitor cells with CRISPR. Diagram showing a contem-
plated targeting vector for treatment of PKU by cutaneous
expression of PAL. SP: signal peptide; PAL: coding
sequence for PAL.

[0053] FIG. 29 mGLP1 expression on nicotine-induced
CPP. Figure legend: GLP1 mice did not exhibit significant
nicotine-induced CPP. Following 2 free explorations (Pre-
test) on day 1, separate groups of GLP1 and GWT mice (n=7
each) received alternative nicotine (0.4 mg/kg) and saline
i.p. injections twice daily for the next 4 days, as previously
described (Chen et al., 2010; Kong et al, 2011). CPP
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expression was tested on day 6. Results represent mean
+SEM time spent on the drug-paired side minus the saline-
paired side. Repeated-measures ANOVA with test days as
the within group factor and status of grafting as the between-
subject factor were used (Chen et al.,, 2010; Kong et al.,
2011). F value was calculated and Newman-Keuls post-hoc
test was performed (Chen et al., 2010; Kong et al., 2011).
GLP1 and WT mice were on dox food for the entire
duration.

DETAILED DESCRIPTION

[0054] All publications, patents, and patent applications
cited herein are hereby expressly incorporated by reference
in their entirety for all purposes.

[0055] Before describing the present invention in detail, a
number of terms will be defined. As used herein, the singular
forms “a,” “an,” and “the” include plural referents unless the
context clearly dictates otherwise. For example, reference to
“a metabolite” means one or more metabolites.

[0056] It is noted that terms like “preferably,” “com-
monly,” and “typically” are not utilized herein to limit the
scope of the claimed invention or to imply that certain
features are critical, essential, or even important to the
structure or function of the claimed invention. Rather, these
terms are merely intended to highlight alternative or addi-
tional features that can or cannot be utilized in a particular
embodiment of the present invention.

[0057] For the purposes of describing and defining the
present invention it is noted that the term “substantially” as
used herein represents the inherent degree of uncertainty that
can be attributed to any quantitative comparison, value,
measurement, or other representation. The term “substan-
tially” is also used herein to represent the degree by which
a quantitative representation can vary from a stated refer-
ence without resulting in a change in the basic function of
the subject matter at issue.

[0058] Methods well known to those skilled in the art can
be used to construct genetic expression constructs, targeting
vectors, and genetically engineered cells according to this
invention. These methods include in vitro recombinant DNA
techniques, synthetic techniques, in vivo recombination
techniques, polymerase chain reaction (PCR) techniques,
and others. See, for example, techniques as described in
Green & Sambrook, 2012, MOLECULAR CLONING: A
LABORATORY MANUAL, Fourth Edition, Cold Spring
Harbor Laboratory, New York; Ausubel et al., 1989, CUR-
RENT PROTOCOLS IN MOLECULAR BIOLOGY,
Greene Publishing Associates and Wiley Interscience, New
York, and PCR Protocols: A Guide to Methods and Appli-
cations (Innis et al., 1990, Academic Press, San Diego,
Calif.).

[0059] As used herein, the terms “polynucleotide,”
“nucleotide,” “oligonucleotide,” and “nucleic acid” can be
used interchangeably to refer to nucleic acid comprising
DNA, RNA, derivatives thereof, or combinations thereof.
[0060] As used herein, the term “genetically engineered”
refers to the genetic manipulation of one or more cells,
whereby the genome of the one or more cells has been
augmented by at least one DNA sequence. Candidate DNA
sequences include but are not limited to genes that are not
naturally present, DNA sequences that are not normally
transcribed into RNA or translated into a protein (“ex-
pressed”), and other genes or DNA sequences which one
desires to introduce into the one or more cells. It will be
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appreciated that typically the genome of genetically engi-
neered cells described herein is augmented through stable
introduction of one or more recombinant genes. Generally,
introduced DNA is not originally resident in the genetically
engineered cell that is the recipient of the DNA, but it is
within the scope of this disclosure to isolate a DNA segment
from a given genetically engineered cell, and to subse-
quently introduce one or more additional copies of that DNA
into the same genetically engineered cell, e.g., to enhance
production of the product of a gene or alter the expression
pattern of a gene. In some instances, the introduced DNA
will modify or even replace an endogenous gene or DNA
sequence by, e.g., homologous recombination, site-directed
mutagenesis, and/or genome editing technology, including
CRISPR (clustered regularly-interspaced short palindromic
repeats), and/or mammalian transposon technology, such as
by using the piggyBac™ transposon. In some instances, the
introduced DNA is introduced into the recipient via viral
vectors, including vectors derived from retrovirus, lentivi-
rus, and adeno-associated virus. In some instances, the
introduced DNA is introduced into the recipient skin directly
with electroporation without skin stem cell isolation, culture,
CRISPR editing, or grafting.

[0061] As used herein, the term “recombinant gene” refers
to a gene or DNA sequence that is introduced into a
genetically engineered cell, regardless of whether the same
or a similar gene or DNA sequence may already be present
in such a host. “Introduced,” or “augmented” in this context,
is known in the art to mean introduced or augmented by the
hand of man. Thus, a recombinant gene can be a DNA
sequence from another species, or can be a DNA sequence
that originated from or is present in the same species, but has
been incorporated into a cell by methods to form a geneti-
cally engineered cell. It will be appreciated that a recombi-
nant gene that is introduced into a cell can be identical to a
DNA sequence that is normally present in the cell being
transformed, and is introduced to provide one or more
additional copies of the DNA to thereby permit overexpres-
sion or modified expression of the gene product of that
DNA. Recombinant genes can also be introduced with
different driving promoters or associated sequences that can
alter the gene’s expression level or pattern. Said recombi-
nant genes are particularly encoded by cDNA. Non-coding
sequences, such as short hairpin RNAs, microRNAs, or long
non-coding RNAs, may also be included.

[0062] It is further contemplated that recombinant genes
can be codon optimized to maximize protein expression in
genetically engineered cells by increasing the translation
efficiency of a particular gene. Codon optimization can be
achieved, for example, by transforming nucleotide
sequences of one species into the genetic sequence of a
different species. Optimal codons help to achieve faster
translation rates and high accuracy. As a result of these
factors, translational selection is expected to be stronger in
highly expressed genes. However, while optimal codon
usage is contemplated herein for expression of disclosed
proteins, all possible codons are contemplated for use herein
for nucleic acids encoding any disclosed protein.

[0063] As used herein, the term “about” refers to £10% of
any particular value.

[0064] As used herein, the terms “or” and “and/or” are
utilized to describe multiple components in combination or
exclusive of one another. For example, “x, y, and/or z” can
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refer to “x” alone, “y” alone, “z” alone, “X, y, and z,
y)or z,” “x or (y and z),” or “x or y or z.”
[0065] As used herein, the term “blood factor” refers to
any specific disease-associated indicator or factor that can
circulate in the body, such as in the blood and/or lymphatic
system. For example, a blood factor can be, without limi-
tation, a cell, an enzyme, a protein, a polypeptide, an amino
acid, a polynucleotide, a nucleic acid, a sugar, a lipid, a
metabolite, a synthetic chemical compound, a naturally
occurring chemical compound, a mineral, a metal, a bacte-
rium, a virus, a prion, a disease indicator, and combinations
or variations thereof.

[0066] As used herein, the term “reporter molecule” refers
to any compound that can be produced biosynthetically by
a genetically engineered host cell. For example, a reporter
molecule can be an enzyme, a protein, a polypeptide, an
amino acid, a polynucleotide, a nucleic acid, a sugar, a lipid,
a metabolite, a synthetic chemical compound, a naturally
occurring chemical compound, and combinations thereof. In
one particular example, a reporter molecule can be a fluo-
rescent protein, a fret-based biosensor, and/or a biolumines-
cent protein.

[0067] In one embodiment, the reporter molecule can be
inducibly expressed, such as when a blood factor is per-
ceived by the tissue organoid. Induction of expression can
also be caused by administration of an inducer, as described
herein elsewhere. When expressed by induction, the
increased concentration of the reporter molecule functions to
“report” the presence of the blood factor in question by
producing a detectable signal. “Reporting” can be by any
detectable means, such as, for example, fluorescing, produc-
ing a FRET signal, producing an electrical signal, and/or
undergoing a conformational change.

[0068] Alternatively, a reporter molecule can be constitu-
tively expressed but only “reports” when a signal produced
by the reporter molecule is changed as a function of the
perception of a blood factor by the reporter molecule. In this
context, a change (increase or decrease) in signal can be
proportionally associated with an increase in concentration
of the blood factor.

[0069] In one embodiment, an external measurement
device targeted at a tissue organoid expressing a reporter
molecule can be used to noninvasively measure the relative
amount of a blood factor in the patient. In one embodiment,
it is contemplated that the reporter molecule can directly or
indirectly associate with or contact a blood factor to produce
a detectable signal that is proportional to the concentration
of the blood factor in individual.

[0070] As used herein, the term “therapeutic agent” refers
to a substance that when administered to an individual in
need thereof, improves the individual’s health. For example,
a therapeutic agent can be, without limitation, an enzyme, a
protein, a clotting factor, a vitamin, a peptide, a lipid, a toxin,
a hormone, a polysaccharide, and combinations thereof. In
one particular example, a therapeutic agent can be insulin or
an analogue thereof that when administered to an individual
in need thereof improves the individual’s health by regulat-
ing the individual’s blood sugar levels. In another particular
example, a therapeutic agent can be a hormone, such as
GLP1, that when administered to an individual in need
thereof improves an individual’s health by inducing the
individual’s satiety response, for example, to help regulate
food intake. In a further particular example, a therapeutic
agent can be an enzyme, such as phenylalanine hydroxylase

(x and
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(PAH), that when administered to an individual in need
thereof improves an individual’s health by reducing the
concentration of phenylalanine in the patient’s blood. More-
over, a therapeutic agent can be any compound that can be
produced biosynthetically by a genetically engineered host
cell, such as an epidermal cell. Therapeutic agents can
include proteins and other substances derived from one
species and administered to another species in native and/or
modified forms.

[0071] As used herein, the term “individual” refers to any
animal. Examples of individuals include humans, domesti-
cated animals, household pets, and other animals without
limitation. Further examples of individuals include animals
having a disease.

[0072] As used herein, the term “physiologically tailored”
refers to a state in which a tissue organoid has been created
to be physiologically and/or immunologically compatible
with an individual. For example, a physiologically tailored
tissue organoid can be a tissue organoid grown from an
individual’s own cells or from cells that are physiologically
compatible and that do not trigger an immune response from
the individual when the individual’s immune system is
exposed to the tissue organoid, such as when the tissue
organoid is surgically grafted into or onto the individual or
otherwise biointegrated.

[0073] As used herein, the term “tissue organoid” refers to
a collection of cells forming a tissue that has been geneti-
cally modified and that can be biointegrated in vivo via
surgical transplantation or grafting (for example, on an
individual’s skin). For example, a tissue organoid can be a
cultured, stratified skin graft grown from genetically engi-
neered stem cells or keratinocytes taken from an individual.
In addition to in vitro construction, it is envisioned that
tissue organoids could be constructed in situ on an indi-
vidual.

[0074] The cultured skin graft can be engineered to
express one or more proteins or other molecules of interest
under predetermined conditions, such as in response to the
presence, absence, or change in levels of one or more blood
factors. The protein or other molecule of interest can be a
reporter molecule, a therapeutic agent, an inducer, and/or
any other molecule or compound that can be produced
biosynthetically by a genetically engineered host cell.
[0075] As used herein, the term “inducer” refers to a
physical stimulus and/or chemical stimulant that induces
expression of one or more genes within a tissue organoid
and/or activation and/or release of a reporter molecule or
therapeutic agent from a tissue organoid. Non-exclusive
examples of inducers can include heat, cold, light, a protein,
a peptide, a hormone, a lipid, a chemical, a metabolic
change, a metabolite, an electric potential or field, and
combinations thereof. Specific examples of inducers include
doxycycline, a reporter molecule, and ethanol. It is further
contemplated that inducers can induce expression and/or
release of a reporter molecule or therapeutic agent in a
dose-dependent manner.

[0076] In one embodiment, the present disclosure is
directed to a physiologically tailored, biointegratable tissue
organoid that can monitor levels of one or more blood
factors in an individual. The tissue organoid can be trans-
planted or grafted onto the individual to provide a permanent
or temporary (e.g., for one, two, three, six, twelve, or sixty
months or longer) continuous monitor of one or more blood
factors and/or source of therapeutic agent(s). For example,
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the tissue organoid can be a fully stratified skin graft
cultured from the individual’s own epidermal stem cells that
is surgically grafted onto the individual’s skin. Once bioin-
tegrated into the patient’s skin, the tissue organoid forms a
part of the patient’s skin thereby preventing potential infec-
tions by eliminating the need for piercing the skin to monitor
blood factor concentration. Further, because the tissue
organoid is derived from the patient’s own cells, the risk of
host rejection of the tissue organoid is reduced.

[0077] Tissue organoids when biointegrated are nourished
like any other tissue of the individual and concomitantly are
exposed to circulating blood factors. In this context, tissue
organoids can be genetically engineered to carry one or more
stable genetic modifications (e.g., genome-integrated modi-
fications) such as one or more genes encoding a reporter
molecule that are expressed when a blood factor is perceived
by or comes in contact with the tissue organoid.

[0078] In another embodiment, a reporter molecule can be
constitutively expressed within the tissue organoid but only
“reports” by producing a detectable signal (e.g., fluoresces,
produces a FRET signal, produces an electrical signal,
bioluminesces, produces a colorimetric change, and/or
undergoes a conformational change) when associated with
and/or contacting a predetermined blood factor. It is con-
templated that the reporter molecule may directly or indi-
rectly associate with or contact a blood factor to produce a
detectable signal. External measurement devices targeted at
the tissue organoid can be used to noninvasively measure the
relative amount of perceived blood factor in the patient. In
another embodiment, it is contemplated that reporter mol-
ecules produced by the tissue organoid are released systemi-
cally and can therefore be detected in another part of the
body.

[0079] In one specific embodiment, a contemplated tissue
organoid is a blood glucose monitor that expresses a reporter
molecule in proportion to the relative blood glucose con-
centration of an individual. For example, the tissue organoid
can express a fluorescent or bioluminescent reporter protein
in relative proportion to glucose blood concentrations. The
relative amount of the reporter protein can externally be
measured, such as by a fluorometer or colorimeter and the
concentration of the blood factor can therefore be deter-
mined. It is further contemplated that an inverse relationship
between a reporter molecule and a particular blood factor is
possible such that the relative amount of reporter molecule
decreases in response to an increase in the blood factor
concentration.

[0080] It is further contemplated that a tissue organoid
could produce a reporter molecule that can be detected by
measuring the reporter molecule in sweat, tears, mucus,
plasma, urine, feces, or combinations thereof.

[0081] In another embodiment, the present disclosure is
directed to a physiologically tailored, biointegratable tissue
organoid that can express a therapeutic agent that passes the
epidermal/dermal barrier to reach the circulation and have a
therapeutic effect.

[0082] In a specific embodiment, the tissue organoid can
be induced to express a therapeutic agent constitutively or
by administration of an inducer to the individual. For
example, a tissue organoid can express GLP1 upon stimu-
lation with an inducer, such as doxycycline in a dose-
dependent manner. In this way, the amount of therapeutic
agent expressed by a tissue organoid can be tailored to an
individual’s specific need at a particular time.
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[0083] In one embodiment, a tissue organoid expresses
both a reporter molecule and a therapeutic agent.

[0084] Genetic Constructs

[0085] Tissue organoids can include genetically engi-
neered cells capable of expressing reporter molecules and/or
therapeutic agents. Genes encoding reporter molecules and/
or therapeutic agents can be stably introduced into the
genomes of cells using any technology that permits genome
editing, such as CRISPR. However, other approaches are
contemplated herein. When using CRISPR for genetically
engineering cells, any integration locus suitable for genome
editing can be used. Examples of integration loci include
AAVSI (adeno-associated virus integration site 1), HPRT1
(hypoxanthine phosphoribosyltransferase-1), and/or human
Rosa26 locus. Use of the HPRT1 locus offers the advantage
that correctly integrated cells can be selected based on their
resistance to 6-TG (2-amino-6-captopurine). Further,
CRISPR targeting vectors can incorporate a drug resistance
gene (puromycin; “puro”) for cell selection, which may
elicit an immune reaction in vivo. If this occurs, the targeting
vector could be modified so that a puro coding sequence
would be flanked with two LoxP sites. The puro sequence
can be removed in vitro by transient expression of Cre
recombinase after selection of targeted clones.

[0086] Cell Selection and Tissue Growth

[0087] Suitable cells that can be used for tissue organoid
construction include epidermal stem cells, such as those
isolated from human skin. Other sources for epidermal stem
cells include induced human pluripotent stem cells. Further
examples of suitable cells include embryonic stem cells and
human induced pluripotent stem cells.

[0088] Once isolated, the stem cells can be transfected
with a targeting vector carrying one or more reporter mol-
ecule coding genes and/or one or more therapeutic agent
coding genes and selected for correct integration of the
targeting vector by Southern blot and other available meth-
ods. Correctly integrated genetically engineered epidermal
stem cells can then be induced to differentiate to form
stratified skin tissue when seeded on decellularized dermis
and exposed to an air/liquid interface within a cell culture
insert. Once grafts are ready, they can be transplanted to
donor patients with well-established protocols.

[0089] Transplantation

[0090] Tissue organoids can be implanted into skin of
individuals via known surgical procedures, such as skin
grafting. Other suitable procedures include direct applica-
tion of engineered skin stem cells to patient skin. Once
implanted, the tissue organoids can be allowed to heal and
fully biointegrate into the individual’s skin.

[0091] Reporter Molecule Detection

[0092] Detection of reporter molecules of biointegrated
tissue organoids can be performed by any means known in
the art suitable for detecting the reporter molecule to be
measured. For example, fluorometers and/or colorimeters
can be used to measure changes in fluorescence, color, or
luminescence associated with reporter molecule expression.
Further, intravital bioluminescence imaging can be per-
formed using a bioluminescence monitoring system, such as
Xenogen. Additional examples of measurement devices that
can be used to measure reporter molecules include electrical
systems with proper electrodes.

[0093] Tissue Organoid Standardization

[0094] Once a tissue organoid is biointegrated into an
individual, for example, a blood glucose monitoring tissue

Apr. 30, 2020

organoid, the response of the organoid to blood glucose
concentrations can be standardized such that a given reporter
response is indicative of a specific blood glucose concen-
tration. This can be accomplished by measuring different
blood glucose concentrations using a standard blood glucose
meter and associating the specific concentrations measured
with the relative reporter molecule signals at each concen-
tration. One example of such as standardization test is the
intraperitoneal glucose tolerance test. Similar clinical stan-
dardization techniques can be performed for tissue
organoids that are engineered to detect other specific blood
factors. It is envisioned that once the tissue organoid “read-
out” is correlated to blood factor concentration, no further
direct blood testing will be necessary.

[0095] Therapeutic Platform Development

[0096] The present disclosure is also directed to tissue
organoids for treating multiple medical issues simultane-
ously or as needed. For example, a physiologically tailored,
biointegratable tissue organoid is envisioned that can
express one or more therapeutic agents designed to address
an individual’s specific medical needs and thereby form a
biointegratable therapeutic platform. For example, therapeu-
tic platforms can be designed to express multiple therapeutic
agents such as 2,3, 4, 5,6, 7, 8, 9, 10, or more therapeutic
agents at one time or at different times depending upon an
individual’s needs. For example, each therapeutic agent to
be expressed by the therapeutic platform can be individually
and separately induced by an inducer such that for each
therapeutic agent to be expressed, a separate inducer must be
introduced to cause expression of the therapeutic agent.
Alternatively, therapeutic agents that could advantageously
be expressed at the same time, such as 2 or more therapeutic
agents, can each be inducible by the same inducer.

[0097] Further, while some embodiments described herein
are directed to expression of therapeutic agents for treatment
of an existing illness, disease, and/or deficiency or absence
of a required physiological substance (e.g., an enzyme, a
protein, a clotting factor, a vitamin, a peptide, a lipid, etc.),
it is further envisioned that a therapeutic agent can be
expressed in anticipation of a physiological insult or stress.
For example, tissue organoids made to express a therapeutic
agent to counter the effects of a harmful chemical or
substance could be induced to express the therapeutic agent
in anticipation of exposure to the harmful chemical. In this
way, the therapeutic agent has been expressed in the indi-
vidual before the harmful chemical or substance is encoun-
tered by the individual. In another example, tissue organoids
can be made to express a therapeutic agent in anticipation of
blood loss, a low oxygen environment, and/or other physi-
ological insult.

[0098] In another embodiment, the present disclosure is
directed to physiologically tailored, biointegratable tissue
organoids that can express therapeutic agents with multiple
therapeutic effects. For example, a tissue organoid can be
designed to express a single therapeutic agent, such as GLP1
that can be used to combat both alcohol abuse and nicotine
abuse.

[0099] In one particular embodiment, it is envisioned that
atissue organoid designed to express GLP-1 (an anti-alcohol
and anti-nicotine therapeutic agent) and BChE (an anti-
cocaine therapeutic agent) can be biointegrated into an
individual suffering from substance abuse or that is at risk
for a relapse to eliminate or minimize the addictive effects
of alcohol, nicotine, and cocaine at the same time.
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[0100] In a further embodiment, GLP-1 analogs are con-
templated for use herein. For example, contemplated ana-
logs for use herein include Exendin-4 and Exendin-based
therapies (e.g., Exenatide and Exenatide LAR), DPP-IV-
resistant GLP-1 analogs (e.g., albiglutide), semaglutide
(NN9535), liraglutide, taspoglutide, dulaglutide (GLP-1Fc,
Trulicity®) (L.Y2189265), and derivatives thereof (see
Gupta, V. Glucagon-like peptide-1 analogues: An overview,
Indian J Endocrinol Metab. 17(3): 413-421 (2013)).
[0101] Relatedly, it is envisioned that pharmaceutical
compositions including one or more inducers can be admin-
istered to an individual to cause expression of one or more
therapeutic agents that are inducible by the administered
inducers. For example, a formulation in a pharmaceutically-
acceptable form, such as an oral, parenteral, inhalable,
and/or topical medication, can contain 2 or more inducers
each specific for a separate therapeutic agent to be expressed
by a tissue organoid. In this way, tissue organoids can be
designed to express multiple therapeutic agents and tailored
therapeutic agent expression can be obtained.

[0102] In one particular example, a tissue organoid can be
biointegrated into an individual where the tissue organoid is
designed to express 5 different therapeutic agents, TAl,
TA2, TA3, TA4, and TAS, each upon induction by a separate
inducer, 11, 12, I3, 14, and IS, respectively. When needed, the
individual can be administered a pharmaceutical composi-
tion including inducers 12, 13, and 15, for example, which
causes expression of therapeutic agents TA2, TA3, and TAS.
Alternatively, the individual can be administered a pharma-
ceutical composition including inducers 11, 12, and 14, for
example, which causes expression of therapeutic agents
TA1, TA2, and TA4. Multiple variations of therapeutic agent
induction are envisioned without limitation. Moreover, mul-
tiple variations of pharmaceutical dosage forms are contem-
plated such as immediate release, delayed release, and/or
extended release forms. In this way, a particular pharma-
ceutical composition can include, for example, inducers 11,
12,13, 14, and 15, where inducers I1 and I5 are formulated for
immediate release, inducers 12 and I3 are formulated for
delayed release, and inducer 114 is formulated for extended
release. Additional dosage forms such as implantable depots
are contemplated. Combinations of any inducers in any
dosage form or formulation are contemplated herein without
limitation.

[0103] Itis further envisioned that a tissue organoid can be
designed to express multiple therapeutic agents where
expression of one or more of the therapeutic agents is
inducible and expression of one or more of the therapeutic
agents is constitutive.

[0104] Itis further envisioned that a tissue organoid can be
cultured that include multiple populations of transformed
cells where each population is designed to express a different
therapeutic agent than the other populations within the tissue
organoid. Any number of separate populations of cells is
envisioned.

[0105] The invention will be further described in the
following examples, which do not limit the scope of the
invention described in the claims.

EXAMPLES

[0106] The Examples that follow are illustrative of spe-
cific embodiments of the invention, and various uses thereof.
They are set forth for explanatory purposes only and are not
taken as limiting the invention.
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Example No. 1: Development of an Intrinsic Skin
Sensor for Blood Glucose Level with
CRISPR-Mediated Genome Editing in Epidermal
Stem Cells

Introduction

[0107] Current integrated biosensors exhibit limitations in
stability, biocompatibility, and increased risk of infection.
One possibility to overcome these limitations is to transform
a small portion of endogenous tissue into a biointegrated,
long-lasting sensor for physiological and biochemical sig-
nals via genome editing technology (see Hsu et al. Devel-
opment and applications of CRISPR-Cas9 for genome engi-
neering. Cell 157, 1262-1278 (2014); Maeder et Genome-
editing Technologies for Gene and Cell Therapy. Mol Ther
24, 430-446 (2016); and Wright et al. Biology and Appli-
cations of CRISPR Systems: Harnessing Nature’s Toolbox
for Genome Engineering. Cel/ 164, 29-44 (2016)). In this
regard, the human skin and skin epidermal stem cells (see
Blanpain et al. Epidermal stem cells of the skin. Annu Rev
Cell Dev Biol 22, 339-373 (2006) and Watt, F. M. Mamma-
lian skin cell biology: at the interface between laboratory
and clinic. Science 346, 937-940 (2014)) have several
unique advantages, making them particularly suited for
genetic engineering and applications in vivo (FIG. 1A).
[0108] The procedure to isolate and culture primary epi-
dermal stem cells is well established. Cultured epidermal
stem cells can be induced to stratify and differentiate in
vitro, and transplantation of epidermal autografts is mini-
mally invasive, safe, and stable in vivo. Autologous skin
grafts have been clinically used for treatment of burn
wounds for decades (see Carsin, H. et al. Cultured epithelial
autografts in extensive burn coverage of severely trauma-
tized patients: a five year single-center experience with 30
patients. Burns: journal of the International Society for Burn
Injuries 26, 379-387 (2000) and Coleman et al. Cultured
epidermal autografts: a life-saving and skin-saving tech-
nique in children. Journal of pediatric surgery 27, 1029-
1032 (1992)). In this example, tissue organoids derived from
genome-edited epidermal stem cells are shown to be useful
for continuous monitoring of blood glucose level in vivo.

Experimental Procedures

[0109] Reagents and Plasmid DNA Constructions

[0110] Guinea pig anti K5, rabbit anti K14, rabbit anti K10
and Loricrin antibodies were generous gifts from Dr. Elaine
Fuchs at the Rockefeller University. Rat monoclonal p4-in-
tegrin (CD104, BD 553745) was obtained from BD
Pharmingen® (Franklin lakes, N.J.). Ser10 pho-histone anti-
body was obtained from EMD Millipore® (06-570, Bill-
erica, Mass.). Cleaved caspase-3 antibody was obtained
from Cell Signaling Technology® (#9661, Danvers, MA).
Insulin ELISA kit was obtained from EMD Millipore®
Corp. (EZRMI-13K, Billerica, MA). GLP-1 ELISA kit was
obtained from Sigma® (RAB0201-1kt, St. Louis, Mo.).
Other chemicals or reagents were obtained from Sigma®,
unless otherwise indicated.

[0111] Lentiviral vector encoding Luciferase (SEQ ID
NO: 1) and H2B-RFP (SEQ ID NO: 2) has been described
before (Liu et al., 2015; Yue, 2016). Plasmid encoding
hCas9-D10A mutant was a gift from George Church,
obtained from Addgene (plasmid #41816). Plasmid encod-
ing gRNA expression cassette was constructed with primers:
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AAG GAA AAA AGC GGC CGC TGT ACA AAA AAG
CAG G (SEQ ID NO: 3); and gGA ATT CTA ATG CCA
ACT TTG TAC (SEQ ID NO: 4), using gBlock as a
template. Rosa26—targeting gRNA is constructed with
primers: ACA CCG GCA GGC TTA AAG GCT AAC CG
(SEQ ID NO: 5), AAA ACG GTT AGC CTT TAA GCC
TGC CG (SEQID NO: 6), ACA CCGAGG ACAACG CCC
ACA CAC Cg (SEQIDNO: 7), AAAACG GTG TGT GGG
CGT TGT CCT CG (SEQ ID NO: 8). AAVS1—targeting
gRNA is constructed with primers: ACA CCG TCA CCA
ATC CTG TCC CTA GG (SEQ ID NO: 9), AAA ACC TAG
GGA CAG GAT TGG TGA CG (SEQ ID NO: 10), ACA
CCG CCC CAC AGT GGG GCC ACT AG (SEQ ID NO:
11), AAAACT AGT GGC CCC ACT GTG GGG CG (SEQ
ID NO: 12). Rosa26 targeting vector is constructed with
pRosa26-GT as template (a gift from Liqun Luo, addgene
plasmid 40025) using primers: GAC TAG TGA ATT CGG
ATC CTT AAT TAA GGC CTC CGC GCC GGG TTT TGG
CG (SEQ ID NO: 13), GAC TAG TCC CGG GGG ATC
CAC CGG TCA GGA ACA GGT GGT GGC GGC CC
(SEQ ID NO: 14), CGG GAT CCA CCG GTG AGG GCA
GAG GAA GCCTTC TAA C (SEQ ID NO: 15), TCC CCC
GGG TAC AAAATC AGAAGG ACAGGG AAG (SEQID
NO: 16), GGA ATT CAA TAA AAT ATC TTT ATT TTC
ATTACATC (SEQ ID NO: 17), CCT TAATTAAGG ATC
CACGCGTGT TTAAACACC GGT TTTACGAGG GTA
GGA AGT GGT AC (SEQ ID NO: 18). AAVSI targeting
vector (SEQ ID NO: 40) was constructed with AAVS1
hPGK-PuroR-pA donor (a gift from Rudolf Jaenisch,
addgene plasmid 22072) as template using primers: CCC
AAG CTT CTC GAG TTG GGG TTG CGC CTIT TTC
CAA G (SEQIDNO: 19), CCC AAG CTT CCATAG AGC
CCA CCG CAT CCC C (SEQID NO: 20), CAG GGT CTA
GAC GCC GGATCCGGTACC CTGTGC CTT CTAGTT
GC (SEQ ID NO: 21), GGA TCC GGC GTC TAG ACC
CTG GGG AGA GAG GTC GGT G (SEQ ID NO: 22), CCG
CTC GAG AAT AAA ATATCT TTA TTT TCA TTA CAT
C (SEQ ID NO: 23), GCT CTA GAC CAA GTG ACG ATC
ACA GCG ATC (SEQ ID NO: 24). Genotyping primers for
CRISPR mediated knockin: GAG CTG GGA CCA CCT
TAT ATT C (SEQ ID NO: 25), GGT GCA TGA CCC GCA
AG (SEQ ID NO: 26), GAG AGA TGG CTC CAG GAA
ATG (SEQ ID NO: 27).

[0112]
cytes

[0113] Primary mouse keratinocytes were isolated from
the epidermis of newborn mice using trypsin, after prior
separation of the epidermis from the dermis by an overnight
dispase treatment. Keratinocytes were plated on mitomycin
C—treated 3T3 fibroblast feeder cells until passage 3. Cells
were cultured in E-media supplemented with 15% serum
and a final concentration of 0.05 mM Ca*.

[0114] Primary human neonatal epidermal keratinocytes
were obtained from Thermo Fischer® (C0015C), and cul-
tured with Epilife® medium (Thermo Fischer, M-EPICF-
500) with manufacturer’s recommended procedures. Cal-
cium shift was performed to induce differentiation of
primary keratinocytes by increasing the calcium concentra-
tion in culture media to 1.5 mM.

[0115] Cells are routinely screened for the presence of
mycoplasma using the ATCC Universal Mycoplasma Detec-
tion Kit (Catalogue # 30-1012K). Cells are screened every

Culture of Mouse and Human Primary Keratino-
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6 months and any mycoplasma contamination will result in
the cells being discarded and replaced with previous, myco-
plasma-free passages.

[0116] Cell Cycle Analysis:

[0117] Propidium iodide (PI) staining followed by flow
cytometry were used to determine the effect of cell cycle
profiles. Mouse and human epidermal cells were cultured in
two 6 cm cell culture dish for 24 hours, respectively. Cells
were trypsinized, and 1x10° cells from each dish were
collected, followed by one PBS wash. Fixation of cells was
carried out using 70% (v/v) ice cold ethanol for 1 hour. Then,
the fixed cells were centrifuged at 500 g at 4° C. for 10
minutes, followed by PBS wash for two times. The cells
were then treated with 75 pg RNAse A in 100 pL. PBS and
incubated at 37° C. for 1 hour. After incubation, the cells
were collected by centrifuging at 500 g at 4° C. for 10
minutes, followed by another PBS wash. The cell pellet was
re-suspended in 200 pL. PBS, in addition of PI solution at a
final concentration of 25 ng/ul.. After staining, the cells were
analyzed immediately using flow cytometer BD FAC-
SCanto™ II (BD Biosciences, San Jose, Calif.) with an
excitation wavelength at 488 nm and emission at 585 nm.
DNA content and histograms of cell cycle distribution were
analyzed using FlowJo™ software, version 10 (FLOWJO
LLC, OR).

[0118] Protein Biochemical Analysis

[0119] Western blotting was performed as described pre-
viously (Blanpain et al.). Briefly, equal amounts of the cell
lysates were separated on a SDS-polyacrylamide gel elec-
trophoresis (PAGE) and electroblotted onto a nitrocellulose
membrane. The immunoblot was incubated with Odyssey®
blocking buffer (Li-Cor) at room temperature for 1 h,
followed by an overnight incubation with primary antibody.
Blots were washed three times with Tween 20/Tris-buffered
saline (TBST) and incubated with a 1:10000 dilution of
secondary antibody for 1 h at room temperature. Blots were
washed three times with TBST again. Visualization and
quantification was carried out with the LI-COR Odyssey®
scanner and software (LI-COR Biosciences).

[0120] Skin Organoid Culture and Transplantation
[0121] Decellularized dermis (circular shape with lem
diameter) was prepared by EDTA treatment of newborn
mouse skin (Maeder et al.). An aliquot containing 1.5x10°
cultured keratinocytes was seeded onto the dermis in cell
culture insert. After overnight attachment, the skin culture
was exposed to air/liquid interface.

[0122] For grafting with skin organoids, CD1 (isogenic
mouse keratinocyte transplantation) males or Nude (human
keratinocyte transplantation) females with the ages of 6-8
weeks were anesthetized. A silicone chamber bottom with
the interior diameter of 0.8 cm and the exterior diameter of
1.5 cm was implanted on its shaved dorsal mid-line skin,
which was used to hold the skin graft. A chamber cap was
installed to seal the chamber right after a piece of graft was
implanted. About one week later, the chamber cap was
removed to expose the graft to air. A single dose of 0.2 mg
a-CD4 (GK1.5) and 0.2 mg a-CD8 (2.43.1) antibodies was
administered intraperitoneally for skin grafting.

[0123] Obesity Induced by High Fat Diet and Glucose
Tolerance Test

[0124] Male CD-1 mice with skin transplants were housed
(5 per cage, ~8 weeks old) in a central-controlled animal
facility for air, humidity and temperature. These mice were
fed either a regular chow or an HFD (60% kcal from fats,
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20% from carbohydrates, and 20% from proteins) purchased
from Bio-Sery (Frenchtown, N.J.). Body weight and food
intake were measure biweekly.

[0125] For glucose tolerance testing, an intraperitoneal
glucose tolerance test (IPGTT) was performed on mice fed
an HFD for 10 weeks. Mice were fasted for 6 h before the
test. Animals were injected (1 g/kg glucose/body weight,
i.p.) with glucose dissolved in saline, and blood glucose was
measured at 0, 10, 20, 30, 60 and 90 minutes using glucose
test strips and glucose meters.

[0126] To induce hypoglycemia, CD1 mice with skin
grafts were fasted for 4 h and injected (2 U/kg, i.p.) with
insulin purchased from Sigma (St. Louis, Mo.). Blood
glucose levels were determined thereafter at 0, 15, 30, 45,
and 60 minutes.

[0127] Intravital Imaging of Mice

[0128] Optical imaging was performed in the integrated
small animal imaging research resource (iISAIRR) at the
University of Chicago. Bioluminescence images were
acquired on an IVIS Spectrum (Caliper Life Sciences®,
Alameda, Calif.) after animal was injected with luciferin
(100 mg/kg). Acquisition and image analysis were per-
formed with Living Image 4.3.1 software.

[0129] Wound healing in grafted skin were imaged by
multiphoton microscope in the light microscopy center at the
University of Chicago. Images were analyzed with Image J
software.

[0130] Histology and Immunofluorescence

[0131] Skin or wound samples were embedded in OCT,
frozen, sectioned, and fixed in 4% formaldehyde. For par-
affin sections, samples were incubated in 4% formaldehyde
at 4° C. overnight, dehydrated with a series of increasing
concentrations of ethanol and xylene, and then embedded in
paraffin. Paraffin sections were rehydrated in decreasing
concentrations of ethanol and subjected to antigen unmask-
ing in 10 mM Citrate, pH 6.0. Sections were subjected to
hematoxylin and eosin staining or immunofluorescence
staining, as described in Wright et al. Antibodies were
diluted according to manufacturer’s instruction, unless oth-
erwise indicated.

[0132] Statistical Analysis

[0133] Statistical analysis was performed using Excel or
Originlab software. Box plots are used to describe the entire
population without assumptions on the statistical distribu-
tion. A student t test was used to assess the statistical
significance (P value) of differences between two experi-
mental conditions (2 tailed distribution unless specified). All
experiments were repeated at least three times, unless oth-
erwise specified. For all figures, statistical tests are justified
and meet the assumption of the tests. The variance between
different test groups that are being statistically compared is
similar.

[0134] For all the experiments, the sample size was chosen
based upon our preliminary test and previous research.
There is no sample exclusion for all the in vitro analysis. For
in vivo experiments, animals that died before the end of the
experiment were excluded. The exclusion criteria is pre-
established. No randomization or blinding was used in this
study.

Results and Discussion

[0135] Despite the potential clinical applications, research
in skin epidermal stem cells has been greatly hampered by
the lack of an appropriate model. Although it has been
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shown that mouse skin or human skin can be transplanted
onto immunodeficient mice, the lack of an intact immune
system in this model forecloses prediction of potential
outcomes of this procedure in vivo. Immune clearance of
engineered cells has been a major complication for somatic
gene therapy (see Collins, M. & Thrasher, A. Gene therapy:
progress and predictions. Proceedings. Biological sciences/
The Royal Society 282 (2015)). Additionally, it remains
technically challenging to perform skin organoid culture
with mouse epidermal stem cells and generate mouse skin
substitute for transplantation. To resolve these issues, a new
organotypic culture model with mouse epidermal stem cells
in vitro was developed by culturing the cells on top of
acellularized mouse dermis (FIG. 6A) (see Liu, H. et al.
Regulation of Focal Adhesion Dynamics and Cell Motility
by the EB2 and Hax1 Protein Complex. J Biol Chem 290,
30771-30782 (2015) and Yue, J. et al. In vivo epidermal
migration requires focal adhesion targeting of ACF7. Nat
Commun 7, 11692 (2016).

[0136] Tissue Organoids

[0137] Exposure to the air/liquid interface can induce
stratification of cultured epidermal cells to generate a skin-
like organoid in vitro. Transplantation of such cultured skin
organoids to nude hosts leads to efficient skin engraftments
(see Liu, H et al. 2015 and Yue, J et al. 2016). Using a
modified surgical procedure and skin graft maintenance
protocol, engrafting the isogenic mouse skin substitute onto
an immunocompetent host (CD1 and C57BL/6J strains)
with or without the silicone dome chamber for skin trans-
plantation (FIG. 1B and FIGS. 6B and 6C) was achieved.

[0138] Grafted cells in immunocompetent hosts readily
expressed exogenous genes, such as Luciferase and Histone
H2B-RFP (FIG. 1B-C), which were transduced to the cells
with lentivirus. The grafted tissue exhibited normal skin
stratification (FIG. 1D-F) when stained for basal epidermal
stem cells (Keratin 14) or early (Keratin 10) and later
(Loricrin) skin differentiation markers. In addition, skin
grafts displayed similar cell proliferation and cell death
when compared with adjacent host skin (FIG. 1G and FIG.
6D). Importantly, the tissue organoid with expression of
exogenous gene, such as Luciferase and H2B-RFP, was
stable in vivo for more than 5 months in immunocompetent
hosts, as determined by intravital bioluminescence imaging
and tissue histology. Together, these results demonstrate that
tissue organoids are a new model for epidermal stem cell
engineering and transplantation, and strongly suggest that
genetically modified skin epidermal cells are not immuno-
genic and well tolerated in vivo.

[0139] Engineered Blood Glucose Monitors

[0140] A biointegrated sensor for noninvasive monitoring
of blood glucose level in vivo could remove the need for
diabetic patients to draw blood multiple times a day. Addi-
tionally, continuous monitoring of glucose allows patients to
better maintain blood glucose levels by altering insulin
dosage or diet according to the prevailing glucose values.
Currently, most continuous glucose monitoring sensors are
enzyme electrodes or microdialysis probes implanted under
skin. These sensors usually require oxygen for activity, and
are insufficiently stable in vivo and poorly accurate under
low glucose condition. Presence of interfering electroactive
substances in tissues can also cause impaired responses and
signal drift in vivo, which necessitate frequent calibrations
of current sensors. A fluorescence-based glucose sensor in
skin would likely be more stable, have improved sensitivity,
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and resolve the issue of electrochemical interference from
the tissue (see Pickup et al. Fluorescence-based glucose

sensors. Biosensors & bioelectronics 20, 2555-2565
(2005)).
[0141] To engineer epidermal stem cells for glucose sens-

ing, intracellular expression of a sugar binding protein,
glucose/galactose-binding protein (GGBP) (Jeffery, C. J.
Engineering periplasmic ligand binding proteins as glucose
nanosensors. Nano reviews 2, 2011) was examined. GGBP
transports glucose within the periplasm of E. coli, and
binding with glucose can lead to a large conformational
change in the protein (Jeffery, 2011). This property of GGBP
has been exploited to develop protein sensors for glucose
based on FRET (fluorescence resonance energy transfer) or
bioluminescence imaging (see Fehr et al. In vivo imaging of
the dynamics of glucose uptake in the cytosol of COS-7 cells
by fluorescent nanosensors. J Biol Chem 278, 19127-19133,
(2003); Saxl et al. A fluorescence lifetime-based fibre-optic
glucose sensor using glucose/galactose-binding protein. The
Analyst 136, 968-972 (2011); Teasley Hamorsky et al. A
bioluminescent molecular switch for glucose. Angewandte
Chemie 47, 3718-3721 (2008); Tian et al. Structure-based
design of robust glucose biosensors using a Thermotoga
maritima periplasmic glucose-binding protein. Protein sci-
ence: a publication of the Protein Society 16, 2240-225
(2007) and Veetil et al. A glucose sensor protein for con-
tinuous glucose monitoring. Biosensors & bioelectronics 26,
1650-1655 (2010). WT (wild type) GGBP has very high
glucose binding affinity (K,=0.2 um). To generate a probe
corresponding to physiologically relevant range of glucose,
a CFP/YFP FRET sensor with A213R/L.238S double mutant
of GGBP (SEQ ID NO: 28) (K, =10 mM) (Amiss, T. J.,
Sherman, D. B., Nycz, C. M., Andaluz, S. A. & Pitner, J. B.
Engineering and rapid selection of a low-affinity glucose/
galactose-binding protein for a glucose biosensor. Protein
science: a publication of the Protein Society 16, 2350-2359)
was engineered via CRISPR-mediated genome editing in
mouse epidermal stem cells. DNA vectors encoding the
D10A mutant of Cas9 (CRISPR associated protein 9) (Ran,
F. A. et al. Double nicking by RNA-guided CRISPR Cas9
for enhanced genome editing specificity. Cell 154, 1380-
1389 (2013) (SEQ ID NO: 29), two gRNAs (guide RNA)
(SEQ ID NO: 30), (SEQ ID NO: 31) targeting the mouse
Rosa26 locus, and a Rosa26-targeting vector (SEQ ID NO:
32) were developed. The targeting vector contained two
homology arms for the Rosa26 locus, flanking an expression
cassette that encoded a GGBP fusion protein (FIG. 2A and
FIG. 7A) (SEQ ID NO: 33).

[0142] Primary epidermal keratinocytes were isolated
from CD1 newborn mice, and electroporated with the
Rosa26 targeting vector together with plasmids encoding
Cas9 and Rosa26-specific gRNAs. Clones were isolated
upon selection, and the correct integration to the Rosa26
locus was confirmed by both PCR screening and southern
blotting analysis (FIG. 2B). Engineered epidermal cells
exhibited robust expression of GGBP fusion proteins in the
cytosol (FIG. 20).

[0143] To test whether intradermal electroporation would
also be an effective means of introducing a reporter, CD1
mice were electroporated intradermally with plasmid DNA
encoding luciferase and tdTomato and expression was
assayed by bioluminescence imaging (FIG. 3A) and intra-
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vital imaging with a two-photon microscope (FIG. 3B),
respectively. Electroporation resulted in expression of both
luciferase and tdTomato.

[0144] To test glucose sensing in vitro, the cells were
exposed to medium containing increasing amounts of glu-
cose. Quantification of FRET ratio by microscopic imaging
showed an excellent correlation of FRET ratio with extra-
cellular glucose concentration, ranging from 0-10 mM (FIG.
2D). Further analysis revealed that the GGBP reporter
responded to extracellular glucose or galactose, but not to
other sugars, such as sucrose, fructose, or ribose (FIG. 2E).
The intracellular GGBP probe responded to the change of
glucose concentration rapidly. The FRET ratio changed
within 30 seconds after replacement of the medium, and
remained stable in the same medium. Together, these results
indicate that epidermal stem cells expressing a GGBP
reporter can faithfully sense the extracellular glucose con-
centration.

[0145] Expression of the GGBP fusion protein in epider-
mal cells did not significantly change cell proliferation (FIG.
2F and FIG. 7B) or differentiation (FIG. 2G) in vitro. To
confirm that modified epidermal cells are not tumorigenic,
anchorage-independent growth of cells was assayed and
confirmed that epidermal stem cells with GGBP targeting
could not grow in suspension (FIG. 2H). As a positive
control, cancer initiating cells isolated from mouse SCC
(squamous cell carcinoma) exhibited robust colony forma-
tion in soft agar medium (FIG. 2H). Expression of GGBP
reporter did not affect the ability of epidermal stem cells to
stratify. When subjected to skin organoid culture, the tar-
geted cells readily produced stratified epithelial tissue (FIG.
70).

[0146] To investigate the potential applicability in vivo of
the engineered blood glucose monitor, a skin organoid
culture was prepared with engineered epidermal stem cells,
and the organoid was grafted onto CD1 host animals (FIG.
4A). No significant rejection of the skin grafts was observed
after transplantation. The grafted organoids exhibited nor-
mal epidermal stratification, proliferation and cell death
(FIGS. 8A-8E). To test the glucose sensing capability in
vivo, an intraperitoneal glucose tolerance test (IPGTT) was
performed in grafted animals. Fasted animals received a
bolus of glucose intraperitoneally. Fluorescence (FRET)
change in the grafted skin was monitored by intravital
imaging (FIG. 4B), and blood glucose level was measured
by a commercial glucose monitoring system (Bayer Con-
tour) with blood samples taken from the snipped tail. FIGS.
4C and 4D show the correlation between the measured
glucose concentration and the FRET ratio changes over
time. The FRET ratio exhibited a nearly linear correlation
with the glucose concentration in vivo (FIG. 4D, R*=0.977).
In contrast, traditional glucose sensors cannot accurately
measure low glucose level in vivo.

[0147] To test the skin sensor for lower glucose concen-
tration, we induced hypoglycemia by insulin administration
to fasted animals. Intravital imaging of the grafted skin again
showed excellent correlation of the FRET ratio changes with
glucose level (FIG. 4E and 4F). Together, these results
illustrate that engineered skin organoid with GGBP reporter
can accurately sense the blood glucose level in vivo.
[0148] Engineered Tissue Organoids

[0149] If an engineered blood glucose monitor could be
engineered to produce or regulate insulin levels in response
to blood glucose levels, it could approximate an “artificial
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endocrine pancreas” that would automatically maintain glu-
cose level in patients. Thus, introduction of an expression
cassette into epidermal stem cells that encodes both a GGBP
reporter and a therapeutic protein could achieve continuous
glucose monitoring and diabetes treatment with a single skin
transplantation. GLP1 (glucagon-like peptide 1) is released
from the gut upon food intake and acts both as a satiety
signal to reduce food consumption and as an incretin hor-
mone to stimulate insulin release and inhibit glucagon
secretion. Indeed, GLP1 receptor agonists have previously
been used to treat type 2 diabetes. Therefore, a new Rosa26
targeting vector containing an expression cassette that
encodes a GLP1 and mouse IgG-Fc fragment (for enhanced
stability and secretion of GLP1) fusion protein together with
the GGBP reporter was developed (FIG. 8F).

[0150] Engineered epidermal cells exhibited robust GLP1
production and secretion (FIG. 4G). The secreted GLP1
fusion protein was functional as the conditioned medium
significantly induced secretion of insulin when added to
cultured insulinoma cells (FIG. 4H).

[0151] To examine the potential applicability in diet-
induced obesity and diabetes, GLP1/GGBP-expressing cells
and control cells (GGBP alone) were transplanted into two
cohorts of CD1 adult male mice. The mice were fed a high
fat diet (HFD) to induce obesity in grafted animals. Com-
pared with animals on a regular chow diet, the HFD greatly
accelerated body weight gain in mice grafted with control
cells. By contrast, GLP1 expression led to significant inhi-
bition in body weight increase (FIG. 41; quantified in FIG.
4]).

[0152] IPGTT was performed to examine glucose homeo-
stasis. Expression of GLP1 significantly reduced glycemic
excursion in vivo as determined by both direct measurement
of blood glucose or intravital imaging of the GGBP reporter
(FIGS. 4K-4M). Noninvasive monitoring with the GGBP
reporter exhibited excellent correlation with conventional
glucose measurement in both diabetic animals and GLP1-
treated animals (FIGS. 4L and 4M).

[0153] Human Tissue Organoids

[0154] To test the feasibility of glucose sensing with
human epidermal stem cells, human skin organoids were
cultured from primary epidermal keratinocytes isolated from
human newborn foreskin. The human epidermal keratino-
cytes readily produce organoids in vitro, which can be
transplanted to nude mice. When infected with lentivirus,
the grafted human cells exhibited robust expression of the
exogenous Luciferase gene (FIG. 5A). The grafted tissue
shows normal skin stratification when stained for early or
late epidermal differentiation markers (FIG. 5B).

[0155] For CRISPR-mediated genome editing, vectors
encoding two gRNAs targeting the human AAVS1 (adeno-
associated virus integration site 1) locus and an AAVS/-
targeting vector (FIG. 9A) that encodes the GGBP reporter
protein were developed. Human epidermal keratinocytes
were electroporated with the targeting vector together with
plasmids encoding Cas9 and the gRNAs. Clones were
isolated and correct integration was confirmed by southern
blotting analysis (FIG. 5C).

[0156] Expression of the GGBP fusion protein did not
significantly change cell proliferation (FIG. 9B) or differ-
entiation (FIG. 9C) in vitro. The engineered cells stratified
and formed skin organoids in vitro, which were successfully
transplanted onto nude hosts. Grafted tissue organoids
exhibited normal epidermal stratification and proliferation in
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vivo (FIGS. 9D-9G). IPGTT and intravital imaging of the
GGBP reporter were performed and a similar correlation of
FRET ratio changes in the grafted skin with blood glucose
level was observed (FIG. 5D-5F). These data indicate that
these human tissue organoids could be used for monitoring
of blood glucose levels in humans.

[0157] In this study, technical hurdles were overcome to
establish a unique mouse-to-mouse skin transplantation
model with immunocompetent hosts. The results provide
key evidence supporting the feasibility of cutaneous moni-
toring of blood glucose level in vivo. The same platform can
be also exploited for development of other biosensors and ex
vivo cutaneous gene therapy for stable delivery of therapeu-
tic proteins in vivo, such as GLP1, providing a promising
treatment for many otherwise terminal or severely disabling
diseases (see Christensen, R. et al. Skin genetically engi-
neered as a bioreactor or a ‘metabolic sink’. Cells, tissues,
organs 172, 96-104, (2002) and Del Rio, M. et al. Current
approaches and perspectives in human keratinocyte-based
gene therapies. Gene therapy 11 Suppl 1, S57-63, (2004)).

Example No. 2: Treatment of Diabetes and Obesity
with CRISPR-Mediated Genome Editing in
Epidermal Stem Cells

Introduction

[0158] In this report, by combining CRISPR-mediated
genome editing with epidermal stem cell platform, a skin
graft with controllable release of GLP1 (glucagon-like pep-
tide-1) was developed and demonstrated therapeutic effect in
vivo by reducing glycemic excursions in diet-induced obese
and diabetic mice. GLP1 is a major physiological incretin
that controls homeostasis of blood glucose by stimulation of
glucose-dependent insulin secretion, inhibition of glucagon
secretion, delay of gastric emptying, and protection of islet
beta-cell mass (see Ross et al. 2010, Sandoval et al. 2015).
However, native GLP1 must be delivered through a paren-
teral route to achieve its effect as it has an extremely short
circulating half-life. Thus, somatic gene transfer may pro-
vide a more effective way for long term and stable delivery
of GLP1 in vivo in order to treat diabetes (Prud’homme et
al. 2007; Rowzee et al. 2011).

[0159] The recent development of genome editing tech-
nology, including CRISPR (clustered regularly-interspaced
short palindromic repeats) system, has made it possible to
perform precise genetic engineering, providing an ideal tool
for somatic gene therapy (Cox et al., 2015; Hotta et al. 2015;
Wright et al. 2016). However, clinical application of
CRISPR technology has been challenging due to inadequate
efficacy in vivo using conventional delivery approach. Thus,
the development of an ex vivo platform that can combine
both precise genome editing in vitro with effective applica-
tion of engineered cells in vivo will provide significant
benefits for the treatment of many human diseases.

[0160] Skin epidermal stem cells (Blanpain and Fuchs,
2006; Watt, 2014) have several unique advantages, making
them particularly suited for somatic gene therapy ex vivo: 1)
Human skin is the largest and most accessible organ in the
body, offering availability for collection of epidermal stem
cells with well-established procedures (Rasmussen et al.,
2013; Rheinwald and Green, 1975, 1977). Moreover, it is
easy to monitor the skin for potential off-target effects of
gene targeting and, if necessary, to remove it in case of an
adverse consequence. Cultured epidermal stem cells can be
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readily induced to differentiate and the resultant stratified
skin tissue can be transplanted to donor patients with well-
established protocols (Blanpain and Fuchs, 2006; Watt,
2014). Comparing with other somatic gene therapy
approach, autologous skin grafts are relatively inexpensive,
and the procedure is minimally invasive, safe, and has been
clinically used for treating burn wounds for decades (Carsin
et al. 2000; Coleman and Siwy, 1992). Somatic gene therapy
with epidermal stem cells is tissue specific. Anatomically,
skin epidermis is not directly vascularized but receives
nutrients from blood vessels located in the underlying der-
mal tissue. The physical separation by the basement mem-
brane precludes potential dissemination of genetically modi-
fied cells in vivo, making it extremely tissue specific and
safe for the cutaneous gene therapy. iv) Epidermal stem cells
can withstand long-term culture in vitro without losing
stemness Rheinwald and Green, 1975), making it possible to
perform precise genome editing with non-viral approaches.
Potential genotoxicity, particularly from viral vectors, has
been a significant hurdle for somatic gene therapy (Kotter-
man et al. 2015; Kustikova et al. 2010). v) Epidermal stem
cells have low immunogenicity. Gene therapy-derived prod-
ucts can be recognized as foreign antigens by the host
immune system, which may mount an immune response
leading to clearance of genetically modified cells. However,
skin autograft or allograft developed from cultured epider-
mal stem cells can achieve long term and stable transplan-
tation in human patients without eliciting significant
immune reaction (Centanni et al., 2011; Zaulyanov and
Kirsner, 2007). vi) It has been well documented that proteins
secreted by skin epidermal cells, such as ApoE (apolipopro-
tein E) and large blood clotting proteins Factor VIII and
Factor IX, can cross the epidermal/dermal barrier and reach
circulation to achieve therapeutic effect in a systematic
manner (Christensen et al., 2002; Del Rio et al., 2004;
Fakharzadeh et al., 2000; Fenjves et al., 1989; Gerrard et al.,
1993; Morgan et al., 1987). Thus, the potential applicability
of skin stem cell therapy is broad, and beyond the skin
diseases.

[0161] This example demonstrates that genome-edited
epidermal stem cells can be exploited for robust, control-
lable delivery of GLP1 in vivo and effective treatment of
diabetes and obesity in a clinically-relevant setting.

Experimental Procedures

[0162] Reagents and Plasmid DNA Constructions

[0163] Guinea pig anti K5, rabbit anti K14, rabbit anti K10
and Loricrin antibodies were generous gifts from Dr. Elaine
Fuchs at the Rockefeller University. Rat monoclonal 4-in-
tegrin (CD104, BD 553745) was obtained from BD
Pharmingen (Franklin lakes, N.J.). Ser10 pho-histone anti-
body was obtained from EMD Millipore (Billerica, Mass.).
Cleaved caspase-3 antibody was obtained from Cell Signal-
ing Technology (Danvers, Mass.). Insulin ELISA kit was
obtained from EMD Millipore Corp (Billerica, Mass.).
GLP-1 ELISA kit was obtained from Sigma (St. Louis,
Mo.). Other chemicals or reagents were obtained from
Sigma, unless otherwise indicated.

[0164] Lentiviral vector encoding Luciferase (SEQ ID
NO: 1) and H2B-RFP (SEQ ID NO: 2) has been described
before (Liu et al., 2015; Yue, 2016). Plasmid encoding
hCas9-D10A mutant was a gift from George Church,
obtained from Addgene (plasmid #41816). Plasmid encod-
ing gRNA expression cassette was constructed with primers:
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AAG GAA AAA AGC GGC CGC TGT ACA AAA AAG
CAG G (SEQ ID NO: 3); and gGA ATT CTA ATG CCA
ACT TTG TAC (SEQ ID NO: 4), using gBlock as a
template. Rosa26—targeting gRNA is constructed with
primers: ACA CCG GCA GGC TTA AAG GCT AAC CG
(SEQ ID NO: 5), AAA ACG GTT AGC CTT TAA GCC
TGC CG (SEQID NO: 6), ACACCGAGGACAACG CCC
ACA CAC Cg (SEQIDNO: 7), AAAACG GTG TGT GGG
CGT TGT CCT CG (SEQ ID NO: 8). AAVS1—targeting
gRNA is constructed with primers: ACA CCG TCA CCA
ATC CTG TCC CTA GG (SEQ ID NO: 9), AAAACC TAG
GGA CAG GAT TGG TGA CG (SEQ ID NO: 10), ACA
CCG CCC CAC AGT GGG GCC ACT AG (SEQ ID
NO:11), AAA ACT AGT GGC CCC ACT GTG GGG CG
(SEQ ID NO: 12). Rosa26 targeting vector is constructed
with pRosa26-GT as template (a gift from Liqun Luo,
addgene plasmid 40025) using primers: GAC TAG TGA
ATT CGG ATC CTT AAT TAA GGC CTC CGC GCC GGG
TTT TGG CG (SEQ ID NO: 13), GAC TAG TCC CGG
GGG ATC CAC CGG TCA GGA ACA GGT GGT GGC
GGC CC (SEQ ID NO: 14), CGG GAT CCA CCG GTG
AGG GCAGAG GAAGCCTTC TAA C (SEQ ID NO: 15),
TCC CCC GGG TAC AAA ATC AGA AGG ACA GGG
AAG (SEQ ID NO: 16), GGA ATT CAA TAA AAT ATC
TTTATT TTC ATT ACA TC (SEQ ID NO: 17), CCT TAA
TTA AGG ATC CAC GCG TGT TTAAAC ACC GGTTTT
ACG AGG GTA GGA AGT GGT AC (SEQ ID NO: 18).
AAVSI targeting vector (SEQ ID NO: 40) was constructed
with AAVS1 hPGK-PuroR-pA donor (a gift from Rudolf
Jaenisch, addgene plasmid 22072) as template using prim-
ers: CCC AAG CTT CTC GAG TTG GGG TTG CGC CTT
TTC CAA G (SEQ ID NO: 19), CCC AAG CTT CCATAG
AGC CCACCG CAT CCC C (SEQID NO: 20), CAG GGT
CTA GAC GCCGGATCC GGTACCCTG TGC CTT CTA
GTT GC (SEQ ID NO: 21), GGA TCC GGC GTC TAG
ACC CTG GGG AGA GAG GTC GGT G (SEQ ID NO: 22),
CCG CTC GAG AAT AAA ATATCT TTATTT TCATTA
CAT C (SEQ ID NO: 23), GCT CTA GAC CAA GTG ACG
ATC ACA GCG ATC (SEQ ID NO: 24). Genotyping primers
for CRISPR mediated knockin: GAG CTG GGA CCA CCT
TAT ATT C (SEQ ID NO: 25), GGT GCA TGA CCC GCA
AG (SEQ ID NO: 26), GAG AGA TGG CTC CAG GAA
ATG (SEQ ID NO: 27).

[0165] Skin Organoid Culture and Transplantation
[0166] Decellularized dermis (circular shape with 1 cm
diameter) was prepared by EDTA treatment of newborn
mouse skin (Prunieras et al., 1983). An aliquot of 1.5x10°
cultured keratinocytes was seeded onto the dermis in a cell
culture insert. After overnight attachment, the skin culture
was exposed to air/liquid interface.

[0167] For grafting with skin organoids, CD1 males with
the ages of 6-8 weeks were anesthetized. A silicone chamber
bottom with the interior diameter of 0.8 cm and exterior
diameter of 1.5 cm was implanted on its shaved dorsal
mid-line skin, which was used to hold the skin graft. A
chamber cap was installed to seal the chamber immediately
after a piece of graft was implanted. About one week later,
the chamber cap was removed to expose the graft to air. A
single dose of 0.2 mg a-CD4 (GK1.5) and 0.2 mg a-CD8
(2.43.1) antibodies was administered intraperitoneally for
skin grafting.

[0168] Histology and Immunofluorescence

[0169] Skin or wound samples were embedded in OCT,
frozen, sectioned, and fixed in 4% formaldehyde. For par-
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affin sections, samples were incubated in 4% formaldehyde
at 4° C. overnight, dehydrated with a series of increasing
concentrations of ethanol and xylene, and then embedded in
paraffin. Paraffin sections were rehydrated in decreasing
concentrations of ethanol and subjected to antigen unmask-
ing in 10 mM Citrate, pH 6.0. Sections were subjected to
hematoxylin and eosin staining or immunofluorescence
staining. Antibodies were diluted according to manufacturer
instructions, unless otherwise indicated.

[0170] Cell Cycle Analysis:

[0171] Propidium iodide (PI) staining followed by flow
cytometry were used to determine the effect of cell cycle
profiles. Mouse and human epidermal cells were cultured in
two 6 cm cell culture dish for 24 hours, respectively. Cells
were trypsinized, and 1x10° cells from each dish were
collected, followed by one PBS wash. Fixation of cells was
carried out using 70% (v/v) ice cold ethanol for 1 hour. Then,
fixed cells were centrifuged at 500 g at 4° C. for 10 minutes,
followed by 2x PBS wash. Cells were then treated with 75
ng RNAse A in 100 ul PBS and incubated at 37° C. for 1
hour. After incubation, the cells were collected by centri-
fuging at 500 g at 4° C. for 10 minutes, followed by another
PBS wash. The cell pellet was resuspended in 200 ul PBS
with PI solution at a final concentration of 25 ng/pl. After
staining, the cells were analyzed immediately using flow
cytometer BD FACSCanto™ II (BD Biosciences, San Jose,
Calif.) with an excitation wavelength at 488 nm and emis-
sion at 585 nm. DNA content and histograms of cell cycle
distribution were analyzed using FlowJo™ software, ver-
sion 10 (FLOWJO LLC, OR).

[0172] Protein Biochemical Analysis

[0173] Western blotting was performed to assess protein
biochemistry. Briefly, equal amounts of cell lysates were
separated on an SDS-polyacrylamide gel electrophoresis
(PAGE) and electroblotted onto a NC membrane. The
immunoblot was incubated with Odyssey blocking buffer
(Li-Cor) at room temperature for 1 h, followed by an
overnight incubation with primary antibody. Blots were
washed three times with Tween 20/Tris-buffered saline
(TBST) and incubated with a 1:10000 dilution of secondary
antibody for 1 h at room temperature. Blots were washed
three times with TBST again. Visualization and quantifica-
tion were carried out with the LI-COR Odyssey scanner and
software (LI-COR Biosciences).

[0174] Obesity Induced by High Fat Diet and Glucose and
Insulin Tolerance Tests

[0175] Male CD-1 mice were housed (5 per cage, ~8
weeks old) in a central-controlled animal facility for air,
humidity, and temperature. These mice were fed either a
regular chow or an HFD (60% kcal from fats, 20% from
carbohydrates, and 20% from proteins) purchased from
Bio-Sery (Frenchtown, N.J.). Body weight and food intake
were measure biweekly.

[0176] For glucose and insulin tolerance tests, an intrap-
eritoneal glucose tolerance test (IPGTT) was performed on
mice fed an HFD for 10 weeks. Mice were fasted for 6 h
before the test. Animals were injected (1 g/kg glucose/body
weight, i.p.) with glucose dissolved in saline, and blood
glucose was measured at 0, 30, 60 and 90 min using glucose
test strips and glucose meters. An intraperitoneal insulin
tolerance test was carried out 1 week after IPGTT. Mice
were fasted for 4 h and injected (2 U/kg, i.p.) with insulin
purchased from Sigma (St. Louis, Mo.). Blood glucose
levels were determined thereafter at 0, 30, 60 and 90 min.
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[0177] Statistical Analysis

[0178] Statistical analysis was performed using Excel or
Originlab software. Box plots were used to describe the
entire population without assumptions on the statistical
distribution. A student t test was used to assess the statistical
significance (P value) of differences between two experi-
mental conditions.

Results

[0179] Ectopic expression of GLP1 in epidermal stem
cells via CRISPR-mediated genome editing

[0180] By genetic engineering of skin epidermal stem
cells, skin can potentially be transformed into an in vivo
reactor that produces GLP1 in a controllable manner (FIG.
1A). Although skin stem cells are very susceptible for
manipulation with viral vectors, viral infection could lead to
genotoxicity and may raise significant safety concern for the
potential gene therapy (Kotterman et al., 2015; Kustikova et
al., 2010). The CRISPR system presents a novel approach to
carry out site-specific modification of target genomes non-
virally (Cox et al., 2015; Hotta and Yamanaka, 2015; Wright
et al., 2016).

[0181] To test CRISPR-mediated genome editing in
mouse epidermal stem cells, DNA vectors encoding the
D10A mutant of Cas9 (CRISPR associated protein 9) (Ran
et al.,, 2013), two gRNAs (guide RNA) targeting the mouse
Rosa26 locus, and a Rosa26-targeting vector were devel-
oped. The targeting vector contains two homology arms for
the Rosa26 locus, flanking an expression cassette that
encodes a GLP-1 and mouse IgG-Fc fragment fusion protein
(FIG. 10A and FIG. 2A). Fusion with IgG-Fc enhances the
stability and secretion of GLP-1 when ectopically expressed
in epidermal cells (Kumar et al. 2007). To control the level
of GLP-1 release, we further modified the targeting vector so
the expression of GLP-1 fusion protein is driven by a
tetracycline-dependent promoter (FIG. 10A).

[0182] Primary epidermal Kkeratinocytes were isolated
from CD1 newborn mice, and electroporated with the
Rosa26 targeting vector together with plasmids encoding
Cas9 and Rosa26-specific gRNAs. Clones were isolated
upon selection, and the correct integration to the Rosa26
locus was confirmed by both PCR screening and southern
blotting analysis (FIG. 10B). Engineered epidermal cells
exhibited robust GLP1 production upon stimulation with
doxycycline in a dose-dependent manner (FIG. 10C). The
secreted GLP1 fusion protein was functional as the condi-
tioned medium can significantly induce secretion of insulin
when added to insulinoma cells cultured in vitro (FIG. 10D).
Expression of GLP1 fusion protein in epidermal cells did not
significantly change cell proliferation (FIG. 10E and FIG.
14A) or differentiation (FIG. 10F and 10G) in vitro.

[0183] To confirm that modified epidermal cells were not
tumorigenic, the potential anchorage-independent growth of
cells was examined, and the results indicated that epidermal
stem cells with GLP1 targeting cannot grow in suspension
with or without doxycycline stimulation (FIG. 10H). As a
positive control, cancer initiating cells (Schober and Fuchs,
2011) isolated from mouse SCC (squamous cell carcinoma)
exhibited robust colony formation in soft agar medium (FIG.
10H). Expression of GLP1 did not affect the ability of
epidermal stem cells to stratify. When subjected to skin
organoid culture, the targeted cells readily produced strati-
fied epithelial tissue (FIG. 14B).
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[0184] Stable Delivery of GLP1 In Vivo Through Skin
Transplantation

[0185] To investigate the potential therapeutic effect of
GLP1 in vivo, skin organoid cultures with epidermal kera-
tinocytes targeted with a GLP1-expression vector or a con-
trol vector, and transplant the organoids to CD1 host animals
(FIGS. 11A and 11B) were prepared. No significant rejection
of the skin grafts has been observed after transplantation,
suggesting that the targeted epidermal stem cells were well
tolerated immunologically in vivo. Grafted skin exhibited
normal epidermal stratification, proliferation and cell death
regardless of doxycycline treatment (FIGS. 11C-11E, and
FIGS. 15A and 15B). When fed with food containing
doxycycline, the mice that were grafted with GLP1-express-
ing cells displayed significantly enhanced level of GLP1 in
the blood (FIG. 11F). Expression of GLP1 in grafted animals
was stable for more than 3 months (FIG. 11G). Consistent
with previous observations (Christensen et al., 2002; Del
Rio et al., 2004; Fakharzadeh et al., 2000; Fenjves et al.,
1989; Gerrard et al., 1993; Morgan et al., 1987; Sebastiano
et al, 2014), these results confirm that a skin-derived
therapeutic protein can cross the basement membrane barrier
and achieve a systematic effect in vivo.

[0186] Cutaneous gene transfer with GLP1 can achieve
therapeutic effects in vivo

[0187] To examine the potential effect in diet-induced
obesity and diabetes, GLP1-expressing cells and control
cells were grafted onto two cohorts of CD1 adult mice, and
a high fat diet (HFD) was used to induce obesity in the
grafted animals. Doxycycline was applied to half of the
animals to induce expression of GLP1. To minimize gender
difference, only male animals were used. Compared with
animals on regular chow diet, HFD greatly accelerated body
weight gain in mice grafted with control cells or GLP1 cells
without doxycycline treatment. Induction of GLP1 expres-
sion with doxycycline led to a significant decrease in body
weight in mice grafted with GLP1 cells but not control cells
(FIG. 12A and quantified in FIG. 1C). Consistently, histo-
logical examination of white fat tissue demonstrated that
HFD progressively increased the size of adipocytes and
induced a significant level of adipocyte hypertrophy at the
end of the experiment in the control groups (FIG. 12B). By
contrast, induction of GLP1 expression dramatically sup-
pressed this effect (FIG. 12B).

[0188] To examine glucose homeostasis, IPGTT (intrap-
eritoneal glucose tolerance test) and ITT (insulin tolerance
test) were performed. HFD resulted in decreased glucose
tolerance in control mice or GLP1-grafted mice without
doxycycline treatment FIGS. 12D and 12E). By contrast,
expression of GLP1 significantly reduced glycemic excur-
sion in vivo (FIGS. 12D and 12E). Consistent with glucose
homeostasis analysis, expression of GLP1 in grafted skin
significantly reduced insulin resistance compared with con-
trol mice or GLP1 mice without doxycycline treatment
(FIGS. 12F and 12G). Together, these data strongly suggest
that cutaneous gene therapy with inducible expression of
GLP1 can be used for the treatment and prevention of
diet-induced obesity and pathologies.

[0189] Cutaneous Delivery of GLP1 with Human Epider-
mal Stem Cells

[0190] To test the feasibility of cutaneous gene therapy
with human epidermal stem cells, human skin organoids
were cultured from primary epidermal keratinocytes isolated
from human newborn foreskin. When infected with lentivi-
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rus, the grafted human cells exhibited robust expression of
the exogenous Luciferase gene (FIG. 13A). The grafted
tissue showed normal skin stratification when stained for
early or late epidermal differentiation markers (FIG. 13B).
[0191] To examine CRISPR-mediated genome editing in
human epidermal cells, vectors encoding two gRNAs tar-
geting human AAVS1 (adeno-associated virus integration
site 1) locus, and an AAVS1-targeting vector (FIG. 16A) that
harbors a tetracycline-inducible expression cassette encod-
ing the GLP-1 and IgG-Fc fragment fusion protein were
used. Human epidermal keratinocytes were transfected with
the targeting vector together with plasmids encoding Cas9
and the gRNAs. Clones were isolated and correct integration
confirmed by southern blotting analysis (FIG. 13C). Like
mouse cells, engineered human epidermal cells exhibited
strong GLP1 production upon dose-dependent stimulation
with doxycycline (FIG. 13D). The GLP1 fusion protein
secreted from these cells induced insulin secretion in vitro
(FIG. 13E), confirming the release of functional GLP1 from
these cells.

[0192] Expression of the GLP1 fusion protein in human
cells did not significantly change cell proliferation (FIG.
16B) or differentiation (FIGS. 16C and 16D) in vitro. The
engineered cells stratified and formed skin organoids in
vitro, which were transplanted to nude hosts (FIG. 13F).
Grafted skin exhibited normal epidermal stratification and
proliferation regardless of doxycycline treatment (FIGS.
16E-16G). When fed with food containing doxycycline,
significant secretion of GLP1 was detected in the blood from
the nude mice that were grafted with GLP1-expressing cells
(FIG. 13G).

Discussion

[0193] Somatic gene therapy provides a promising thera-
peutic approach for treatment of a variety of otherwise
terminal or severely disabling diseases (Collins and
Thrasher, 2015). Skin epidermal stem cells represent an
ideal platform for ex vivo gene therapy, allowing efficient
genetic manipulation with minimal risk of tumorigenesis or
other detrimental complications in vivo (Christensen et al.,
2002; Del Rio et al., 2004). In addition to expression of
therapeutic agent (e.g., hormones and/or protein factors),
such as GLP-1, ectopic expression of metabolic enzymes in
skin epidermal cells can also transform engineered tissue
organoids into a potential “metabolic sink” for correction of
various metabolic disorders (Christensen et al., 2002). Thus,
the applicability of such a cutaneous gene therapy platform
is very broad. Because of the minimally invasive and safe
nature of skin transplantation, should an efficient preclinical
model for cutaneous gene therapy be established and
encouraging results be obtained from animal models, human
clinical tests could start relatively easily.

[0194] Diabetes is a major health issue worldwide
(Ahima, 2011; Ashcroft and Rorsman, 2012). The peptide
hormone GLP1 has the essential requisite properties to
maintain homeostatic levels of glucose in order to effec-
tively treat diabetes. Compounds that elongate half-life of
endogenous GLP1 or synthetic GLP1 receptor agonists have
already been clinically used for adjunctive antidiabetic treat-
ments (Ross and Ekoe, 2010; Sandoval and D’Alessio,
Physiology of proglucagon peptides: role of glucagon and
GLP-1 in health and disease. Physio. Rev. 95, 513-548
(2015)). Somatic gene transfer that can stably deliver GLP1
to the patients has been proposed as a more effective way for
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diabetes treatment (Prud’homme et al., 2007; Rowzee et al.,
2011). In this regard, skin constitutes a tempting target
organ, providing a long-lasting, safe, and affordable way for
GLP1 delivery. Here, controllable release of GLP1 was
demonstrated in engineered tissue organoids and proven to
be therapeutically effective in vivo, thus laying the essential
groundwork for developing novel therapeutic approach for
combating obesity and diabetes.

[0195] Gene therapy-derived products can be recognized
as foreign antigens by the host immune system, which may
mount an immune response leading to the clearance of
genetically modified cells (Collins and Thrasher, 2015).
However, the model developed in this study provides a
unique approach. Within normal skin epidermis, the Langer-
hans cells function as the sole cell type that expresses major
histocompatibility complex (MHC) class II and presents
antigen (Haniffa et al., 2015). Epidermal keratinocytes only
express MHC class I molecules on their cell surface, and are
considered as “non-professional” antigen presenting cells.
Thus, in the engineered tissue organoids described here
(generated from epidermal stem cells), without the presence
of Langerhans cells or leukocytes as antigen presenting
cells, potential antigenicity and immunogenicity are signifi-
cantly reduced. It has been shown that skin allografts
developed from cultured human keratinocytes can been
clinically used for the treatment of wounds, without eliciting
significant immune reaction (Centanni et al., 2011; Zauly-
anov and Kirsner, 2007). The present results demonstrate for
the first time that grafted skin stem cells expressing thera-
peutic proteins can be efficiently and stably grafted to host
mice with intact immune systems. The present results further
demonstrate the potential of cutaneous gene therapy for the
treatment of various human diseases in the future.

Example No. 3: Tissue Organoids for Treating
Cocaine Addiction

Introduction

[0196] Drug addiction is characterized by the develop-
ment of compulsive drug-seeking and taking and a high
likelihood of relapse when an addicted individual is exposed
to drugs or drug-associated cues, even long after abstention
(Kalivas et al. Drug addiction as a pathology of staged
neuroplasticity. Neuropsychopharmacology: official publi-
cation of the American College of Neuropsychopharmacol-
ogy 33: 166-180 (2008); Koob et al. Neurocircuitry of
addiction. Neuropsychopharmacology: official publication
of the American College of Neuropsychopharmacology 35:
217-238 (2010); O’Brien et al. Conditioning factors in drug
abuse: can they explain compulsion? Journal of psychop-
harmacology 12: 15-22 (1998)). Cocaine is a commonly
abused drug that causes significant morbidity and mortality.
Although a variety of pharmacological targets and behav-
ioral interventions have been explored, there are currently no
FDA-approved medications for treating cocaine use or
relapse in users, and there are no effective interventions for
the acute emergencies that result from cocaine overdose
(Heard et al. Mechanisms of acute cocaine toxicity. The
open pharmacology journal 2: 70-78, (2008); Zimmerman,
J. L. Cocaine intoxication. Critical care clinics 28: 517-526
(2012)). We recently demonstrated that the epidermal pro-
genitor cells of the skin can be readily genome edited in vitro
using CRISPR (clustered regularly interspaced short palin-
dromic repeats) and transplanted back into donor mice (see
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Liu, Het al.,, 2015; Yue, J et al., 2016; Yue et al. Engineered
epidermal progenitor cells can correct diet-induced obesity
and diabetes. Cell stem cell (2017)). This unique ex vivo
platform can provide a long-lasting, effective, and safe way
for somatic gene delivery. Here, we report that this skin stem
cell-based platform for long-term delivery of a cocaine
hydrolase in vivo can efficiently and specifically protect
against cocaine-seeking and acute overdose.

[0197] BChE (butyrylcholinesterase) is a natural enzyme
that is present in hepatocytes and plasma and hydrolyzes its
normal substrate acetylcholine. BChE can also hydrolyze
cocaine at low catalytic efficiency into benzoic acid and
ecgonine methylester, which are low in toxicity and reward-
ing properties, i.e., they are not addictive substances. Recent
advances in protein engineering have greatly enhanced
catalytic potency and substrate specificity of BChE for
cocaine hydrolysis, and for protecting against cocaine-in-
duced behaviors, including acquisition and reinstatement of
IVSA (intravenous self-administration). The modified
hBChE (E30-6) has more than 4400 times higher catalytic
efficiency (k_,/K,, than wild-type (VVT) hBChE with
significantly reduced activity for acetylcholine (see Zheng et
al. A highly efficient cocaine-detoxifying enzyme obtained
by computational design. Nat Commun. 5: 3457 (2014)).
However, purified recombinant hBChE has a short half-life
in vivo after i.v. injection, making it useful only for acute
treatment of cocaine abuse. In recent clinical trials, an
hBChE-albumin fusion protein, TV-1380, was ineffective in
facilitating cocaine-abstinence in dependent individuals,
most likely due to the short half-life of the protein and also
the inefficient intramuscular route of injection (Cohen-Barak
et al. Safety, pharmacokinetics, and pharmacodynamics of
TV-1380, a novel mutated butyrylcholinesterase treatment
for cocaine addiction, after single and multiple intramuscu-
lar injections in healthy subjects. Journal of clinical phar-
macology 55: 573-583 (2015); Gilgun-Sherki et al. Placebo-
controlled evaluation of a bioengineered, cocaine-
metabolizing fusion protein, TV-1380 (AlbuBChE), in the
treatment of cocaine dependence. Drug and alcohol depen-
dence 166: 13-20 (2016)). Therefore, the ability to stably
deliver engineered hBChE in vivo to allow continuous
activity could lead to cocaine abstinence in dependent
individuals and prevent establishment of cocaine depen-
dence in others.

Experimental Procedures

[0198]

[0199] Unless indicated to the contrary, reagents and
experimental procedures follow those described in Example
No. 2 above. Human BChE quantikine ELISA kit was
obtained from R&D systems (Minneapolis, Minn.).

[0200] Human (SEQ ID NO: 41) and mouse BChE (SEQ
ID NO: 43) with point mutations {Zheng, 2014 #794} were
codon-optimized and synthesized from IDT (Integrated
DNA Technology, Coralville, Iowa), and PCR amplified
with primers A-D, respectively: GCT CTA GAG CCA CCA
TGC AGA CTC AGC ATA CCA AGG (SEQ ID NO: 47),
CGG GAT CCACCG GTTTAG AGA GCT GTA CAA GAT
TCT TTC TTG (SEQ ID NO: 48), CCC AAG CTT GCC
ACC ATG CAT AGC AAA GTC ACA ATC (SEQ ID NO:
49), ACG CGT CGACTTAGAGAC CCACACAACTTT
CTT TCT TG (SEQ ID NO: 50).

Reagents and Plasmid DNA Constructions
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[0201] Skin Organoid Culture and Transplantation
[0202] Skin organoid culture and transplantation was per-
formed following the procedures described in Example No.
2 above.

[0203] Engrafiment

[0204] Engraftiment followed the procedures described in
Example No. 2 above unless otherwise indicated below.
[0205] Cocaine-Induced Behaviors

[0206] For all behavioral experiments except where noted,
C57BL/6] mice were used. Roughly equal numbers of adult
male and female mice were group-housed until surgery.
Mice were maintained under controlled temperature and
humidity conditions on a 12 h:12 h light:dark cycle (lights
on at 7:00). Water and food were available ad libitum. Mice
weighed around 25-30 g at the beginning of the experiments.
All procedures followed National Institutes of Health Guide
for the Care and Use of Laboratory Animal and were
approved by the University of Chicago Institutional Animal
Care and Use Committee.

[0207] Drug: Cocaine HCl and methamphetamine HCl
(Sigma-Aldrich, Saint Louis, MO) were dissolved in sterile
saline and delivered intraperitoneally at appropriates doses
in a volume of 10 ml/kg. Ethanol (Sigma-Aldrich, Saint
Louis, Mo., 95%, density=0.816) was prepared in 20% (v/v)
diluted in sterile saline and delivered intraperitoneally at
appropriate doses. Vehicle (sterile saline) was intraperitone-
ally administered at 10 ml/kg as a control.

[0208] CPP apparatus: The CPP apparatus (FIG. 17; Med
Associates, E. Fairfield, Vt., USA) consisted of two larger
chambers (16.8x12.7x12.7 cm), which were separated by a
smaller chamber (7.2x12.7x12.7 cm) as previously
described (Yan et al., 2013). Each chamber had a unique
combination of visual and tactile properties (one large
chamber had black walls and a rod floor, the other larger
chamber had white walls with a mesh floor, whereas the
middle chamber had gray walls and a solid gray floor). Each
compartment had a light embedded in a clear, Plexiglas
hinged lid. Time spent in each chamber was measure via
photobeam breaks and recorded. CPP was determined on
testing days via time spent in the drug-paired side minus
time spent in the saline-paired side.

[0209] Acquisition of CPP: A biased CPP procedure was
used similar to that from a previous study (Yan et al., 2013).
Acquisition of CPP consisted of three sequential proce-
dures—pretest, conditioning, and test. After 7-12 days of
recovery from engrafting surgeries, mice underwent pretest
on Day 1, where mice were allowed to freely explore the
entire chamber for 20 min once daily. Mice that spent more
than 500 s in the grey compartment or more than 800 s in
either of the large compartments were excluded from the
study. Following the pretest day, mice underwent condition-
ing and testing on Days 2-5. Starting on Day 2, mice
received an ip. injection of drug (10 mg/kg cocaine in
cocaine CPP or 2 g/kg ethanol in ethanol CPP) and were
confined to the white chamber for 30 min. At least 5 hours
after in the same day, mice received an i.p. injection of saline
and were confined to the black compartment for 30 min. On
Day 6 (test day) mice were allowed to explore the entire
chambers for 20 min and time spent in each area was
recorded.

[0210] Extinction and reinstatement of CPP: Following
CPP acquisition, mice underwent extinction, in which the
procedure was identical to that in the test day. In each
extinction day, mice were allowed to explore the entire
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chambers for 20 min and time spent in each area was
recorded. Extinction was performed until the CPP decreased
to a level that was not different from that of the pretest in
consecutive two days. On the following day of the last
extinction, mice underwent reinstatement procedures, in
which mice that were trained for cocaine CPP received an
ip. injection of 15 mg/kg cocaine, and mice that were
trained for ethanol CPP received an i.p. injection of 1 g/kg
ethanol. Immediate after injection, mice were allowed to
explore the entire chambers for 20 min and time spent in
each area was recorded.

[0211] Acute drug overdose test: Two weeks after grafting
surgery, 4 groups of GhBChE and 4 groups of GWT mice
(n=8 each in each group) received i.p. injections of cocaine
at 40, 80, 120, and 160 mg/kg. As a control, 4 groups of
GhBChE and 4 groups of GWT mice (n=8 each) received
ip. injections of methamphetamine (METH) at 34, 68
(LD50), 100, and 160 mg/kg. Two each of GhBChE and
GVVT mice with CD1 mice as hosts were also used to
videotape acute cocaine (80 mg/kg) induced behaviors.
Mice were monitored for 2 h following injection and percent
of cocaine- and METH-induced lethality was calculated.
[0212] Specific methods: One group of GhBChE and one
group of GVVT mice (n=9 in each group) were trained for
cocaine CPP 7 days after engraftment (FIG. 18A). Mice
underwent pretest on Day 1, four days of cocaine condi-
tioning day 2 to Day 5, and CPP test on Day 6. One group
of GhBChE and one group of GWT mice (n=8 in each
group) were trained for ethanol CPP 7 days after engraft-
ment (FIG. 18B). Mice underwent pretest on Day 1, four
ethanol conditioning day 2 to Day 5, and CPP test on Day
6. Two groups of drug-naiive wildtype mice (n=8 in each
group) were trained for cocaine CPP from day 1 to Day 6
(FIG. 18C). On the following day, mice underwent engraft-
ing surgery. The behavioral procedure resumed after engraft-
ment surgery from Day 18. Extinction was performed from
Day 18 to Day 31. On Day 32, mice underwent reinstate-
ment induced by i.p. injection of cocaine. One group of
GhBChE and one group of GVVT mice (n=8 in each group)
were trained for ethanol CPP from day 1 to Day 6. Extinc-
tion was performed from Day 7 to Day 20 (FIG. 18D). On
Day 21, mice underwent reinstatement procedure induced
by i.p. injection of ethanol.

[0213] Statistical Analysis

[0214] Statistical analysis was performed using Excel or
Originlab software. Box plots are used to describe the entire
population without assumptions on the statistical distribu-
tion. A student t test was used to assess the statistical
significance (P value) of differences between two experi-
mental conditions. For cocaine behavioral analysis, CPP
results were analyzed using repeated-measures ANOVA
with within factor time (testing days) and between factor
treatment (engraftment). Significant effects were further
analyzed with Fisher’s t-tests.

Results and Discussion

[0215] To carry out CRISPR-mediated genome editing in
mouse epidermal progenitor cells, DNA vectors were devel-
oped encoding the D10A mutant of Cas9 (CRISPR associ-
ated protein 9; Ran et al., 2013), two gRNAs (guide RNA)
targeting the mouse Rosa26 locus, and a Rosa26-targeting
vector. The targeting vector contains two homology arms for
the Rosa26 locus, flanking an expression cassette that
encodes the modified hBChE gene (FIG. 19A). Primary
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epidermal basal cells were isolated from newborn mice, and
electroporated with the Rosa26 targeting vector together
with plasmids encoding Cas9 and Rosa26-specific gRNAs.
Clones were isolated upon selection and the correct integra-
tion to the Rosa26 locus was confirmed by both PCR
screening and southern blotting analysis (FIG. 19B). Engi-
neered epidermal cells exhibited robust expression and
secretion of hBChE as shown by immunoblots and ELISA
(enzyme-linked immunosorbent assay) (FIGS. 19C and
19D). The secreted hBChE protein was functional as the
conditioned medium collected from hBChE-expressing cells
but not the control cells significantly induced degradation of
cocaine in vitro (FIG. 19E). Consistent with previous
reports, similar mutations in mBChE (mouse BChE) led to
only residual activity in cocaine hydrolysis (Chen, X. et al.
Kinetic characterization of a cocaine hydrolase engineered
from mouse butyrylcholinesterase. The Biochemical journal
466, 243-251 (2015); FIG. 19E). Expression of hBChE in
epidermal stem cells did not significantly change cell pro-
liferation (FIG. 19F and FIG. 20A) or differentiation (FIG.
20B) in vitro. To confirm that modified epidermal cells were
not tumorigenic, the potential anchorage-independent
growth of cells was examined. The results indicated that
epidermal stem cells with hBChE targeting cannot grow in
suspension. By contrast, cancer initiating cells (Schober, M.
et al. Tumor-initiating stem cells of squamous cell carcino-
mas and their control by TGF-beta and integrin/focal adhe-
sion kinase (FAK) signaling. Proc Natl Acad Sci U S A 108,
10544-10549 (2011)) isolated from mouse SCC (squamous
cell carcinoma) exhibited robust colony forming efficiency
in soft agar medium (FIG. 20C).

[0216] To efficiently transplant mouse epidermal progeni-
tor cells, a new organotypic culture model with mouse
epidermal progenitor cells was developed in vitro by cul-
turing the cells on top of acellularized mouse dermis.
Exposure to the air/liquid interface can induce stratification
of cultured cells to generate a skin-like organoid in vitro.
Expression of hBChE did not change the ability of epider-
mal stem cells to stratify (FIG. 21A). To investigate the
potential therapeutic effect of hBChE expression in vivo, we
transplanted the organoids to isogenic host animals (CD1
and C57BL/6) (FIGS. 22A and 22B). No significant rejec-
tion of the skin grafts was observed for at least 5 months
after transplantation, suggesting that the targeted epidermal
stem cells were well tolerated immunologically in vivo.
Grafted skin exhibited normal epidermal stratification, pro-
liferation, and cell death (FIGS. 21B, 21C, and 22C). The
mice that were grafted with hBChE-expressing cells dis-
played significantly elevated levels of human BChE in the
blood (FIG. 22D). Expression of hBChE in grafted animals
was stable for more than 10 weeks (FIG. 22D). Consistent
with previous observations, our results confirm that a skin-
derived therapeutic protein can cross the basement mem-
brane barrier and enter circulation in vivo.

[0217] To first determine whether engrafting hBChE-ex-
pressing cells protects mice from acute systemic toxicity of
cocaine, we delivered different doses of cocaine to grafted
mice and calculated the lethality rates of cocaine. Doses of
40, 80, 120, 160 mg/kg of cocaine had nearly O lethality in
mice grafted with hBChE-expressing cells (GhBChE),
whereas 80 mg/kg of cocaine induced roughly 50% lethality
and 120 and 160 mg/kg cocaine induced 100% lethality in
control mice grafted with VVT epidermal cells (GWT) (FIG.
22E). Parallel testing was conducted to test the toxicity of a
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related stimulant METH (methamphetamine) in GhBChE
and GVVT mice. There was no difference in lethality
induced by various doses of METH between GhBChE and
GVVT animals (FIG. 22F). This finding shows that engraft-
ment of hBChE-expressing cells can lead to significant
release of functional hBChE in vivo and protect mice from
the toxicity of an acute cocaine overdose.

[0218] Next, protection against development of cocaine-
seeking was assessed using the conditioned place preference
(CPP) paradigm, which is thought to model reward learning
and seeking because experimental animals approach and
remain in contact with cues that have been paired with the
effects of the reward. hBChE-expressing cells were grafted
to cocaine-naive mice with GVVT animals as controls. After
4 days of place conditioning, GWT mice spent significantly
more time in environments previously associated with
cocaine, whereas GhBChE mice showed no such preference
(FIG. 18A). As an additional control, ethanol CPP was
measured after 4 days of conditioning in GhBChE and GWT
mice. In contrast, both GhBChE and GWT mice spent
significantly more time in ethanol-paired environments
(FIG. 18B). This finding indicates that engraftment of
hBChE-expressing cells efficiently and specifically attenu-
ated cocaine-induced rewarding effect.

[0219] To determine whether engrafting hBChE-express-
ing cells affect cocaine-induced reinstatement of drug-seek-
ing, hBChE-expressing cells were grafted in mice that
previously acquired cocaine CPP. Following 10 days of
recovery, we performed extinction training and drug-elicited
reinstatement. After a priming dose of cocaine injection, the
preference for the previously cocaine-associated environ-
ment was restored in the GVVT mice but not in the GhBChE
mice (FIG. 18C). Because hBChE-expression did not pre-
vent CPP induction by ethanol (FIG. 18B), these GhBChE
and GVVT mice were used to perform extinction training
followed by reinstatement. In contrast to those induced by
cocaine, ethanol CPP was similarly reinstated in both
GhBChE and GWT mice (FIG. 18D). These results suggest
that skin-derived hBChE efficiently and specifically disrupts
cocaine-elicited reinstatement.

[0220] To test the feasibility of cutaneous gene therapy
with human epidermal progenitor cells, we cultured human
skin organoids from primary epidermal keratinocytes iso-
lated from human newborn foreskin. To perform CRISPR-
mediated genome editing in human cells, we developed
vectors encoding two gRNAs targeting human AAVS1 (ad-
eno-associated virus integration site 1) locus, and an
AAVS]1-targeting vector (FIG. 23 A) that harbors the expres-
sion cassette encoding engineered hBChE. Human epider-
mal keratinocytes were electroporated with the targeting
vector together with plasmids encoding Cas9 and the
gRNAs. Clones were isolated and correct integration con-
firmed by southern blotting analysis (FIG. 23B). Like mouse
cells, engineered human epidermal cells exhibited strong
hBChE production as determined by immunoblots and
ELISA (FIGS. 23C and 23D). Expression of the hBChE
protein in human cells did not significantly change cell
proliferation (FIG. 24A) or differentiation (FIG. 24B) in
vitro. The engineered cells stratified and formed skin
organoids in vitro, which were transplanted to nude host
(FIG. 23E). Grafted skin exhibited normal epidermal strati-
fication, proliferation, and apoptosis in vivo (FIG. 23F and
FIGS. 24C-D). Together, these results indicate that CRISPR
editing of human epidermal progenitor cells does not sig-
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nificantly alter cellular dynamics and persistence in vivo.
ELISA confirmed that the mice with engraftment of hBChE-
expressing cells had significantly levels of human BChE in
the blood, whose expression was stable for more than 8
weeks in vivo (FIG. 23G). Our results suggest the potential
clinical relevance of cutaneous gene delivery for treatment
of cocaine abuse and overdose in the future.

[0221] This study demonstrates for the first time that
grafted skin stem cells expressing hBChE can be highly
drug-specific in addressing several key aspects of cocaine
abuse including reducing development of cocaine-seeking,
preventing cocaine-induced reinstatement of drug-seeking
and protecting against acute cocaine overdose. Because of
the high levels of hBChE present, this approach is very
efficient with little individual variation. Cutaneous gene
delivery with engineered epidermal stem cells may provide
therapeutic opportunities for drug abuse or co-abuse beyond
cocaine.

[0222] For instance, glucagon-like peptide 1 (GLP1) is a
major physiological incretin that controls food intake and
glucose homeostasis (Sandoval et al., 2015). Several GLP1
receptor agonists have been approved by the FDA to treat
type 11 diabetes. Our recent study indicates that skin-derived
expression of GLP1 can effectively correct diet-induced
obesity and diabetes in mice (Yue et al., 2017). Interestingly,
GLP1 receptor agonists can also attenuate the reinforcing
properties of alcohol and nicotine in rodents (Skibicka, K. P.,
The central GLP-1: implications for food and drug reward.
Front Neurosci. 7, 181 (2013); Egecioglu et al. The gluca-
gon-like peptide 1 analogue Exendin-4 attenuates alcohol
mediated behaviors in rodents. Psychoneuroendocrinol. 38,
1259-1270 (2013); Shirazi et al., Gut peptide GLP-1 and its
analogue, Exendin-4, decrease alcohol intake and reward.
PLoS One. 8, e61965 (2013); Vallof et al. The glucagon-like
peptide 1 receptor agonist liraglutide attenuates the reinforc-
ing properties of alcohol in rodents. Addict. Biol. 21, 422-
437 (2016)). Thus, future studies will determine whether a
constitutive or inducible expression of GLP1 from skin
transplants can reduce alcohol and nicotine use and relapse
in patients with alcohol use disorder and nicotine depen-
dence. Additionally, it will be important to investigate
whether co-expression of hBChE and GLP1 in skin can be
used for treatment of alcohol and cocaine and ethanol and
nicotine co-abuse, which occurs with high frequency and
significantly increases the risk of drug-related morbidity and
mortality.

[0223] Epidermal stem cells of the skin provide an ideal
platform for ex vivo gene therapy, allowing efficient genetic
manipulation with minimal risk of tumorigenesis or other
detrimental complications in vivo. Cultured human epider-
mal progenitor cells have been used to generate CEA
(cultured epidermal autograft), which has been clinically
used to treat massive burn wounds for decades. Engineered
skin stem cells and CEA have also been used to treat other
skin diseases, including vitiligo and skin genetic disorders,
such as epidermolysis bullosa. The regenerated skin is stable
in vivo and can last for long term in the clinical follow-up
studies. As such, the cutaneous gene therapy is long-lasting,
minimally invasive and safe.

[0224] Gene therapy-derived products can be recognized
as foreign antigens by the host immune system, which may
mount an immune response leading to the neutralization of
the therapeutic molecules or the clearance of genetically
modified cells (Collins and Thrasher, 2015). Our skin trans-

Apr. 30, 2020

plantation model built with WT isogenic animals provides a
unique approach to examine this process in vivo. Skin
epidermal keratinocytes have low immunogenicity. Within
normal skin epidermis, the Langerhans cells function as the
only cell type that expresses major histocompatibility com-
plex (MHC) class II and presents antigen. Epidermal kera-
tinocytes are considered as “non-professional” antigen pre-
senting cells. Thus, in skin substitute generated from
epidermal progenitor cells, without the presence of Langer-
hans cells or leukocytes as antigen presenting cells, potential
antigenicity and immunogenicity are significantly reduced.
Consequently, engineered skin grafts are generally well
taken and immunologically tolerated in VVT isogenic ani-
mals. Indeed, skin-derived expression of hBChE in host
mice with intact immune systems can be stable for more than
10 weeks without significant decrease in the serum level of
engineered enzyme, strongly suggesting that the low immu-
nogenicity of skin environment may help to reduce the
antigenicity and immune reaction toward hBChE. Moreover,
the oldest GhBChE mice are 6 months old and healthy with
no tissue rejections lending further support for the long-
lasting feasibility of cutaneous gene therapy targeting
cocaine abuse. Taken together, these results show promise
for cutaneous gene therapy as a safe and cost-effective
therapeutic option for cocaine abuse in the future.

Example No. 4: Treatment of Alcohol Abuse

Introduction

[0225] Alcohol use disorder (AUD) is one of the foremost
public health problems. AUD involves problems controlling
drinking, continuing to use alcohol even when it causes
problems, having to drink more to get the same effect, or
having withdrawal symptoms when one decreases or stops
drinking (Koob et al. Neurobiology of addiction: a neuro-
circuitry analysis. Lancet Psychiatry 3, 760-773 (2016);
Koob, G. F. Neurocircuitry of alcohol addiction: synthesis
from animal models. Handb. Clin. Neurol. 125, 33-54
(2014)). 7.2 percent or 17 million adults in the United States
ages 18 and older had an AUD in 2012 (Grant et al.
Epidemiology of DSM-5 alcohol use disorder: results from
the national epidemiologic survey on alcohol and related
conditions II1. JAMA Psychiatry 72, 757-766 (2015)). There
are three FDA-approved medications and behavioral coun-
seling for stopping or reducing drinking and preventing
relapse in humans (Johnson, B. A. Update on neuropharma-
cological treatments for alcoholism: scientific basis and
clinical findings. Biochem. Pharmacol. 75, 34-56 (2008)).
However, only 1.3 million receive treatment (NIAAA,
2015). Moreover, not all people respond to these medica-
tions and types of treatment, and not all people follow the
treatment regimens offered (Cohen et al. Alcohol treatment
utilization: findings from the national epidemiologic survey
on alcohol and related conditions. Drug Alcohol Depend. 86,
214-221 (2007)). Consequently, additional approaches are
needed for combating AUD. Indeed, if a treatment were
available that prevented an individual from desiring to
consume alcohol, such a treatment could ultimately lead to
the individual stopping consumption of alcohol.

[0226] Glucagon-like peptide 1 (GLP1) is a gastrointesti-
nal peptide and a major physiological incretin that controls
food intake and glucose homeostasis (Sandoval et al. 2015).
Several GLP1 receptor agonists have been approved by the
FDA to treat type 11 diabetes. Interestingly, GLP1 receptor
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agonists can also attenuate the reinforcing properties of
alcohol in rodents (Skibicka, K. P., The central GLP-1:
implications for food and drug reward. Front Neurosci. 7,
181 (2013); Egecioglu et al. The glucagon-like peptide 1
analogue Exendin-4 attenuates alcohol mediated behaviors
in rodents. Psychoneuroendocrinol. 38, 1259-1270 (2013);
Shirazi et al., Gut peptide GLP-1 and its analogue, Exendin-
4, decrease alcohol intake and reward. PLoS One. 8, 61965
(2013); Vallof et al. The glucagon-like peptide 1 receptor
agonist liraglutide attenuates the reinforcing properties of
alcohol in rodents. Addict. Biol. 21, 422-437 (2016);
Saerensen et al. Effects of the GLP-1 agonist Exendin-4 on
intravenous ethanol self-administration in mice. Alcohol
Clin. Exp. Res. 40, 2247-2252 (2016); Suchankova et al. The
glucagon-like peptide-1 receptor as a potential treatment
target in alcohol use disorder: evidence from human genetic
association studies and a mouse model of alcohol depen-
dence. Transl. Psychi. 5, 583 (2015)).

[0227] While GLP1 may be potentially used in treating
AUD (Suchankova et al. 2015), the native GLP1 must be
delivered through a parenteral route to achieve its effect, and
it has an extremely short circulating half-life (Sandoval and
D’ Alessio, 2015). Therefore, the somatic gene transfer
approach used in Example No. 2 was used to determine the
efficacy of GLP1 in treating AUD in mice.

Experimental Procedures

[0228] Unless indicated to the contrary, reagents and
experimental procedures follow those described in Example
No. 2 above.

[0229] Modified GLP1

[0230] The GLP1 gene (mGLP1 or DImGLP1) was modi-
fied to produce a novel protein with longer half-life in vivo
(Kumar et al., Gene therapy of diabetes using a novel
GLP-1/1gG1-Fc fusion construct normalizes glucose levels
in db/db mice. Gene therapy 14, 162-172, (2007)). To be
able to stably deliver mGLP1 in vivo and control its expres-
sion, we made a Rosa26-targeting vector encoding a Gly8-
mutant mGLP1 and mouse IgG-Fc fragment fusion protein
(SEQ ID NO: 45) driven by a dox-dependent promoter (FIG.
25A; Yue et al. Treatment of diabetes and obesity with
CRISPR-mediated genome editing in epidermal progenitor
cells. Cell Stem Cell, In press (2017); Kumar et al., 2007).
The glycine mutation renders the peptide resistant to DPP-
IV-mediated cleavage (Mentlein et al., Dipeptidyl-peptidase
IV hydrolyses gastric inhibitory polypeptide, glucagon-like
peptide-1 (7-36) amide, peptide histidine methionine and is
responsible for their degradation in human serum. Eur J.
Biochem. 214, 829-835 (1993)).

[0231] Fusion with IgG-Fc further enhances mGLP1 sta-
bility and circulation half-life when expressed in epidermal
cells (Kumar et al., 2007), and it can pass the blood-brain
barrier to reach the brain (Pardridge, W. M., CSF, blood-
brain barrier, and brain drug delivery. Expert Opin. Drug
Deliv. 13, 963-975 (2016)). The Rosa26 allele has been
widely used as a safe locus for gene targeting in mice
(Soriano, P., Generalized lacZ expression with the ROSA26
Cre reporter strain. Nat. Genetics 21, 70-71, (1999)). To use
CRISPR-mediated genome editing, vectors encoding the
D10A mutant Cas9 (CRISPR associated protein 9) (Ran et
al., 2013) and two gRNA (guide RNA) targeting the mouse
Rosa26 allele were developed. The D10A mutation in Cas9
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and double nicking system reduce the undesired off-target
mutagenesis in the genome to a minimum level (Ran et al.,
2013).

[0232] Skin Organoid Culture and Transplantation
[0233] The epidermal progenitor cells were isolated from
newborn pups of CD1 or C57BL/6] mice. Cells were
transfected with the targeting vector and plasmids encoding
Cas9 and Rosa26-specific gRNAs. Targeted clones were
selected in the medium containing puromycin, and correct
incorporation into the Rosa26 locus was confirmed by PCR
and southern blots (FIG. 25B). Mouse skin substitute was
prepared by seeding the targeted cells to the acellularized
newborn dermis and differentiation upon exposure to the
air/liquid interphase and the resultant tissues were trans-
planted to CD1 or C57BL/6J mice (GLP1).

[0234] When fed with dox food, GGLP1 mice began to
display significantly enhanced levels of mGLP1 in the blood
within 3 days (FIG. 25C; Yue et al., 2017). There was a
dose-dependent release of mGLP1 in plasma (not shown).
Expression of mGLP1 in GLP1 mice was stable for up to 4
months in the presence of dox (FIG. 25D).

Results and Discussion

[0235] mGLP1 expression attenuated ethanol-induced
CPP in GLP1 mice (FIG. 26) compared to mock grafted
(GWT).

[0236] GLP1 mice did not exhibit significant ethanol-
induced CPP. Following 2 free explorations (Pre-test) on day
1, separate groups of GLP1 and GWT mice (n=9 each)
received alternative ethanol (2 g/kg) and saline i.p. injec-
tions twice daily for the next 4 days, as previously described
(Chen et al., Dopamine D1 and D3 receptors are differen-
tially involved in cue-elicited cocaine seeking. J. Neuro-
chem. 114, 530-541 (2010); Kong et al., Activation of
dopamine D3 receptors inhibits reward-related learning
induced by cocaine. Neurosci. 176, 152-161 (2011)). CPP
expression was tested on day 6. Results represent
mean+SEM time spent on the drug-paired side minus the
saline-paired side. Repeated-measures ANOVA with test
days as the within group factor and status of grafting as the
between-subject factor were used (Chen et al., 2010; Kong
et al, 2011). F value was calculated and Newman-Keuls
post-hoc test was performed (Chen et al., 2010; Kong et al.,
2011). GLP1 and GVVT mice were on dox food for the
entire duration.

[0237] These results demonstrate that mGLP1 expression
attenuated ethanol-induced CPP. Therefore, tissue organoids
expressing mGLP1 have the potential for treating AUD. In
addition, Egecioglu et al., also reported that GLP-1 receptor
agonist, Exendin-4 (Ex4) attenuates nicotine-induced loco-
motor stimulation, accumbal dopamine release, and the
expression of conditioned place preference in mice (HEge-
cioglu et al., 2013). Therefore, it is believed that tissue
organoids expressing mGLP1 can also be used to treat
nicotine addiction. It follows that tissue organoids express-
ing mGLP1 can also be used to treat individuals with AUD
who are addicted to nicotine at the same time. Moreover, it
is believed that tissue organoids designed to express mul-
tiple therapeutic agents, such as mGLP1 and hBChE can be
used to reduce incidents of cocaine and ethanol and/or
nicotine co-abuse and potentially reduce abuse and co-abuse
of other drugs, such as amphetamines (see Skibicka K. P.
The central GLP-1: implications for food and drug reward,
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Front Neurosci. 7:181 (2013)). It is also contemplated herein
to that GLP-1 analogs (see above) can be employed in a
similar fashion.

Example No. 5: Tissue Organoids for Treating
Alcohol Abuse

[0238] Alcoholism is a debilitating disease characterized
by dependence on alcohol consumption and is often asso-
ciated with social and/or health problems. Medications are
available to treat alcoholism that discourage alcohol con-
sumption by causing nausea when consuming alcohol, by
reducing the pleasure associated with drinking, or by reduc-
ing the craving for alcohol. However, as with all medica-
tions, treatment compliance is difficult. Treatment compli-
ance is further complicated when the medications are for
breaking an addiction and require self-administration.
Therefore, automatic administration of a therapeutic agent
for combatting alcoholism induced when alcohol is con-
sumed would be desirable.

[0239] Therefore, a tissue organoid engineered to express
one or more alcohol-inducible genes encoding a spider-
derived pain peptides, such as DkTx (S2-DkTx; SEQ ID
NO: 36) or VaTx (S2-VaTx3; SEQ ID NO: 35) is prepared
as described above (see FIG. 27). In addition, a GLP-1
and/or a GLP-1 analog can be further added to the tissue
organoid for simultaneous or on-demand expression along
with DkTx or VaTx. It is envisioned that any of these
therapeutic agents can be expressed, and/or administered,
individually or in any combination.

[0240] After engineering an alcohol-inducible therapeutic
tissue organoid, the organoid is transplanted into mice
before and after training mice in a two-bottle choice para-
digm. This paradigm tests how well the system works for
protecting mice from acquiring or relapsing into alcohol
drinking. In the mouse housing cages, there are two liquid
bottles with one containing regular drinking water, and the
other a certain percentage of an alcohol solution. The
amount of alcohol or water consumption is measured daily.
Previous work has established that mice prefer drinking
alcohol over water over a period, reflecting the rewarding
effects of alcohol.

[0241] Therefore, with an alcohol-inducible therapeutic
tissue organoid implanted, mice are expected to never
develop the preference (acquisition) or relapse into alcohol
drinking (relapse).

[0242] Similarly, a human patient with a biointegrated
tissue organoid, according to this example, experiences 1)
pain or discomfort from the expressed toxin and 2) lack of
reward from the expressed GLP-1/GLP-1 analog when
alcohol metabolites activate the expression of the therapeu-
tic agent (e.g., a spider-derived toxin and GLP-1 or GLP-1
analog). In this way, the therapeutic agents expressed in
response to alcohol metabolites work synergistically, and the
patient is disinclined to drink.

Example No. 6: Tissue Organoids for Monitoring
Silent Heart Attack

[0243] Silent heart attacks have few or no overt “classical”
symptoms, such as chest pressure, chest heaviness, arm pain,
neck pain, jaw pain, shortness of breath, sweating, extreme
fatigue, dizziness, and nausea. However, though nearly half
of heart attacks are silent, they are correlated with similar
risk of death as “overt” heart attacks, and if successfully
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diagnosed, they may treated with similar medications and
lifestyle changes. Therefore, the ability to monitor factors
indicative of silent heart attacks would be beneficial, such as
Heart-type Fatty Acid-Binding Protein (H-FABP) and myo-
cardial myoglobin.

[0244] A tissue organoid engineered to report occurrence
of a silent heart attack is prepared as described above using
a targeting vector harboring genes encoding reporter mol-
ecules specific for H-FABP (SEQ ID NO: 62) and myocar-
dial myoglobin (SEQ ID NO: 63).

Example No. 7: Tissue Organoids for Monitoring
Stroke

[0245] Cerebrovascular accidents or “strokes” are the sud-
den death of brain cells due to lack of oxygen when the
blood flow to the brain is impaired by blockage or blood
vessel rupture. Glial fibrillary acidic protein (GFAP) (SEQ
ID NO: 64) is a biomarker associated with symptoms of
acute stroke. S100B (SEQ ID NO: 65) is a marker associated
with astrocyte damage and increased BBB permeability
associated with stroke. The ability to monitor such markers
of strokes would permit earlier intervention when an indi-
vidual experiences a stroke.

[0246] Therefore, a tissue organoid engineered to report
occurrence of a stroke is prepared as described herein using
a targeting vector harboring genes encoding reporter mol-
ecules specific for GFAP (SEQ ID NO: 64) and S100B (SEQ
ID NO: 65).

Example No. 8: Tissue Organoids for Treating
Phenylketonuria (PKU)

Introduction

[0247] PKU is the most prevalent inherited disease involv-
ing the metabolism of amino acids. It results from mutations
in the gene encoding a key hepatic enzyme, phenylalanine
hydroxylase (PAH), which catalyzes the hydroxylation reac-
tion that converts phenylalanine to tyrosine. If untreated,
PKU will lead to a dramatic increase of plasma phenylala-
nine levels, causing profound and irreversible mental dis-
ability, epilepsy, and other behavioral problems. The current
treatment of PKU is stringent dietary restriction of natural
protein intake and supplementation of amino acids other
than phenylalanine by a chemically manufactured protein
substitute, which can prevent most of the complications of
the disease after birth. However, it has been well docu-
mented that neuropsychological deficits still exist for
patients with dietary restriction, and maintaining the dietary
control has been proven difficult, especially in adolescents,
young adults, and pregnant women. Somatic gene therapy
holds the potential for development of more effective treat-
ment for PKU.

[0248] Although PAH is naturally a hepatic enzyme, it has
been speculated that circulating phenylalanine could be
adequately cleared by ectopic expression of PAH in tissues
other than liver, such as T cells, muscle cells, and skin
epidermal cells. However, a potential issue is that catalytic
activity of PAH requires a non-protein cofactor, BH4 (tet-
rahydrobiopterin), which is synthesized de novo from
guanosine triphosphate in hepatocytes by a three-enzyme
pathway involving GTP cyclohydrolase I (GTPCH), 6-pyru-
voyltetrahydrobiopterin synthase (PTPS), and sepiapterin
reductase (SR). Without sufficient supplement of BH4 or
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reconstitution of the BH4 synthetic pathway, ectopic expres-
sion of PAH cannot function properly. Transgenic mice that
express both PAH and GTPCH, the rate limiting enzyme for
BH4 synthesis, under various skin specific promoters cannot
sufficiently rescue the phenylalanine defects in vivo, sug-
gesting that alternative approaches must be pursued to
convert skin epidermis to an effective “phenylalanine sink.”
[0249] Enzyme replacement therapy has been proposed
for treatment of PKU. Phenylalanine ammonia-lyase (PAL)
is an attractive alternative for clearance of phenylalanine.
PAL can carry out non-oxidative deamination of L-phenyl-
alanine to form ammonia and trans-cinnamic acid (cinna-
mate), which can be excreted as hippurate in urine, along
with small amounts of cinnamic and benzoic acid. Unlike
PAH, PAL is an autocatalytic enzyme that requires no
cofactors, making it a simple and effective way to remove
plasma phenylalanine.

[0250] Preliminary results in mouse epidermal keratino-
cytes show efficient expression of PAL upon infection with
lentivirus encoding PAL and degradation of phenylalanine in
culture media much faster than cells expressing PAH. Exog-
enous expression of PAL in epidermal progenitor cells does
not significantly alter cell proliferation or differentiation in
vitro, and the cells readily generate skin organoids when
cultured on top of acellularized dermis. Therefore, using
CRISPR-mediated genome editing with epidermal progeni-
tor cell technology the possibility for treatment of PKU by
cutaneous expression of PAL is investigated.

[0251] The mouse model of PKU has been developed by
ENU (N-ethyl-N-nitrosourea)-mediated mutagenesis in
BTBR strain (Jax strain 002232).

[0252] With establishment of skin engraftment in PAH
mutant mice, plasma phenylalanine level are monitored.
Three weeks post skin grafting with PAL expressing cells or
control cells (BTBR epidermal progenitor cells treated with
control vectors), blood samples are collected from the tail
clipping biweekly for up to 30 weeks. Plasma is separated by
centrifugation. Phenylalanine concentration is determined
by established fluorometric protocol. Lowering of phenyl-
alanine level restores melanin biosynthesis, and leads to a
change of fur color. Potential alteration in fur coat color is
recorded weekly for all the grafted animals. It has been
demonstrated before that treatment of PKU has gender-
dependent response, for both viral vector-mediated therapy
and enzyme replacement therapy with modified PAL. Thus,
two different cohorts of animals (male and female) are
established to test the potential gender-dependent effect of
cutaneous gene therapy in vivo.

[0253] At the endpoint of the experiment (30 weeks),
grafted animals are euthanized and tissue samples (grafted
skin, host skin, and liver) are collected. Presence of enzyme
activity in the tissues is determined by PAH and PAL activity
assay.

[0254] In vitro analysis demonstrated that exogenous
expression of PAL in mouse epidermal cells can clear ~120
nmol of phenylalanine/hour/10° cells. Thus, two 1 cm?
epidermal grafts that contain 2x107 metabolically active
cells is likely to remove 57 umol of phenylalanine per day,
which would be sufficient for a complete reversal of hyper-
phenylalaninemia (PAH mutant mice usually have ~2 mM of
plasma phenylalanine). A complete phenotypic change from
brown hair coat to dark black fur is also expected. For tissue
enzymatic analysis, PAL activity detection in grafted skin is
expected but not in other tissues. PAH activity is absent in
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the liver of the mutant mice. Female mice are more resistant
to PKU therapy. If this is the case for cutaneous gene
therapy, female PAH mutant mice are tested to determine
whether they require larger skin grafts or more grafts than
male mice for correction of hyperphenylalaninemia.

[0255] One potential issue is that overexpression of PAL
can lead to excessive removal of phenylalanine in mice and
cause hypophenylalaninemia, which has been reported for
human PKU patients receiving enzyme replacement therapy
with recombinant PAL. If this occurs, a Tet (tetracycline)-
inducible system to drive PAL expression as described
above can be used. Expression level of PAL can be con-
trolled by administration of different dose of Doxycycline.
[0256] Approach 1: Express PAL Gene in Grafted Cells

[0257] Although exogenous expression of PAL does not
alter cell proliferation or differentiation program in mouse
epidermal keratinocytes, expression of PAL could impair
human keratinocyte growth or skin regeneration. If this
occurs, a Tet-inducible system to drive PAL gene expression
is used (see FIG. 28).

[0258] Approach 2: Immune Intolerance of PAL

[0259] If exogenous expression of PAL indeed leads to a
severe immune response that cannot be suppressed, expres-
sion of PAH, the natural phenylalanine processing enzyme,
is tested for use in treatment of PKU. Although PAH requires
BH4 as cofactor, it has been shown that co-expression of
GTPCH and PTPS together with PAH in muscle can result
in stable and long-term reduction of plasma phenylalanine in
mice model. Therefore, a Rosa26 targeting vector harboring
atriple-cistronic expression cassette encoding PAH (SEQ ID
NO: 54), GTPCH (SEQ ID NO: 55), and PTPS (SEQ ID
NO: 56) is developed.

[0260] Targeted epidermal progenitor cells are examined
both in vitro and in vivo for phenylalanine clearance and
potential therapeutic effect for PKU. If co-expression of
PAH, GTPCH, and PTPS is not sufficient, a Rosa26 target-
ing vector harboring a quadruple-cistronic expression cas-
sette encoding PAH, GTPCH, PTPS, and SR (SEQ ID NO:
57) is developed to reconstitute the entire BH4 de novo
synthesis pathway in a tissue organoid.

Example No. 9: Tissue Organoids for Treating
Hemophilia

Introduction

[0261] Hemophilia is an inherited blood clotting disorder
caused by a deficiency of clotting Factor VIII (type A) or IX
(type B) in the blood plasma. The unstoppable bleeding
itself can be life-threatening, but hemophiliacs usually also
suffer from recurrent bleeding into soft tissues, joints and
muscles, leading to chronic synovitis, crippling arthropathy
and physical disability. Hemophilia is an excellent candidate
for cutaneous gene therapy because both Factor VIII and IX
are secreted proteins and, therefore, their exogenous expres-
sion in epidermal cells could correct the deficiency. In
addition, particularly for hemophilia A, the coding sequence
of Factor VIII is more than 7 kb (kilobase), far beyond the
packaging limitation of typical viral vectors used for gene
therapy, such as AAV (adeno-associated virus) vectors.
Somatic gene therapy in skin provides a more sustained and
affordable treatment for hemophilia A than the current
standard therapy by intravenous infusions with purified
Factor VIII.
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[0262] Previous work has demonstrated that Factor VIII
and IX can be expressed in human or mouse epidermal
keratinocytes, and exogenously expressed clotting factors
can pass the epidermal/dermal barrier to reach the circula-
tion. Particularly, when transgenic skin that expresses Factor
VIII under the involucrin promoter is grafted onto immu-
nocompromised hosts (Factor VIII and Ragl double knock-
out), epidermal expression of Factor VIII significantly
restores the plasma Factor VIII level, strongly supporting the
feasibility of treatment of hemophilia A with cutaneous gene
therapy approach.

[0263] A Factor VIII expression gene with B domain
deletion (SEQ ID NO: 58) is envisioned, where the B
domain, which is a long internal domain and functionally
disposable for blood coagulation is removed. The transfec-
tion targeting vector is envisioned to further incorporate a
Tet-inducible system to control excessive expression of
Factor VIII.

[0264] Development of an inhibitory antibody against
Factor VIII is the most severe complication of current
enzyme replacement therapy. If expression of mouse Factor
VIII in the mutant mice (Factor VIlI-deficient) induces
antibody production, three approaches are employed:

[0265] 1) Instead of B domain-deleted Factor VIII, a full
length Factor VIII (SEQ ID NO: 59) for cutaneous gene
therapy is used. Although B domain is not essential for blood
coagulation, meta-analysis of prospective clinical results
suggests that deletion of B domain can shorten the half-life
of recombinant Factor VIII, increase bleeding incidence in
patients, and significantly increase the risk for development
of neutralizing antibody.

[0266] 2) The Fc domain of immunoglobulin (mouse [gG1
Fe (SEQ ID NO: 34) or human IgG1 Fe (SEQ ID NO: 39))
is conjugated with Factor VIII. The Fc domain of IgG can
interact with neonatal Fc receptor, which can protect IgG
from catabolism and elongate its half-life in circulation. It
has been shown that fusion of human Factor VIII with 1gG1
Fc domain can significantly increase its half-life in patients.
In addition, current clinical results suggest that Fc conjuga-
tion of Factor VIII will not induce neutralizing antibody
production in patients. Consistently, it has been shown that
the Fc-Factor VIII conjugate elicits much lower immune
reaction compared to non-conjugated Factor VIII in hemo-
philia A mouse model.

[0267] 3) Factor VIII is coupled with albumin (SEQ ID
NO: 60). Albumin is the most abundant plasma protein and
a natural carrier for a variety of molecules in circulation.
Albumin has very long half-life in blood and low immuno-
genicity. Hence, conjugation with albumin will likely
enhance the effectiveness of cutaneous gene therapy for
hemophilia A. It has been demonstrated that albumin con-
jugation with Factor IX (SEQ ID NO: 61) can significantly
protect Factor IX in circulation and reduce its immunoge-
nicity. Although fusion of Factor VIII with albumin has not
been successfully pursued before, different strategies of
fusion are employed (e.g., conjugation to amino- or car-
boxyl-terminal of Factor VIII and/or using different linker
peptide for fusion) and effects in vitro and in vivo are
examined.

[0268] For Hemophilia B, similar approaches are taken as
those described above using Factor IX.
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Example No. 10: Evaluating Immune Response on
Skin Grafting

[0269] Development of skin engraftment procedures with
immunocompetent mice provides a unique opportunity to
evaluate potential immune responses after cutaneous gene
therapy. To examine potential inflammatory infiltration in
vivo upon tissue organoid engraftment, grafted skin tissues
are collected at different time points post engraftment.
Potential infiltration of immune cells are assessed by immu-
nofluorescence staining with a-CD3, a-CD4, a-CD8 (T
cell), a-B220 (B cell), a-CDl11c (dendritic cell), a-Mac-1
(macrophage), a-CD335 (NK cells), and a-Grl (granulo-
cytes) antibodies. The presence of Langerhans cells in the
skin grafts is determined by staining with an a-CDla
antibody. In addition, skin samples are stained for MHC
class I and II antigens, including HLA-ABC and HLA-DR,
as indicators for potential graft rejection, tissue antigenicity,
and epidermal reactivity.

[0270] As a secondary approach, immune responses are
assessed by flow cytometry (fluorecence-activated cell sort-
ing), which allows for a more comprehensive and quantita-
tive analysis of immune cell populations. For this purpose,
specific panels of antibodies are developed to more closely
examine the phenotypes of immune cells that are changing
in response to engraftment. These experiments are guided by
results from immunofluorescence staining of sections. For
example, if differences in the number and/or location of
macrophages in stainings are seen, then a ‘macrophage
panel’ is set up that allows determination of whether the
recruited macrophages adopt a pro-inflammatory M1
(CD38, CD274, CD319) or an anti-inflammatory M2
(CD206, CD163, TFRC) phenotype using surface markers.
Similarly, if the staining experiments indicate a T-cell
response, then a ‘T cell panel’ comprised of CD3 (all T
cells), CD4 (helper T cell), CDS (killer T cell), FoxP3/ CD25
(regulatory T cell), and CD44/CD62L. (activated T cell) is
implemented. Understanding the precise nature of the
immune response (i.e., immunogenic vs. tolerogenic) is
required to determine whether the host response to engraft-
ment requires modulation.

[0271] To determine whether engraftment of modified-
epidermis can increase the host white blood cells specific for
grafted keratinocytes, in vitro cellular proliferation assay are
carried out. Peripheral blood mononuclear cells (PBMC) are
isolated before and after skin transplantation, and assessed
for cellular proliferation assay with either irradiated autolo-
gous PBMC or irradiated epidermal progenitor cells with
modified expression. Phytohemagglutinin is used as a posi-
tive control.

[0272] To examine NK (natural killer) cells activity
toward epidermal progenitor cells, PBMC isolated from
grafted animals are used. An in vitro cytotoxicity assay is
performed to determine the activity of NK cells at different
effector: target ratios. A NK-sensitive cell line is used as a
positive control.

[0273] To examine the immunogenicity of the modified
protein, blood samples from grafted animals at different time
points (up to 6 months) are collected. Serum antibody levels
are determined by ELISA (enzyme-linked immunosorbent
assay) analysis. As a positive control, an intravenous injec-
tion of the recombinant modified protein is injected into the
mice.
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Example No. 11: Removal of Skin Grafts
Non-Surgically

[0274] Biointegrated tissue organoids can be for tempo-
rary use and removed surgically. However, skin stem cell
technology permits another non-invasive and effective way
to achieve clearance of grafted cells.

[0275] To test this possibility, a Rosa26 targeting vector
encoding phenylalanine ammonia lyase (PAL) (SEQ ID NO:
51) together with inducible “suicide” genes HSV-TK (Her-
pes Simplex Virus Thymidine Kinase) (SEQ ID NO: 52) and
yCD (yeast cytosine deaminase) (SEQ ID NO: 53) was used
for epidermal progenitor cell transfection. Results (data not
shown) indicate that both suicide genes were expressed
safely in epidermal progenitor cells, and efficiently induced
cell death upon treatment with prodrugs (ganciclovir and
S5-fluorocytosine, respectively).

[0276] A potential issue is that high level of suicide gene
expression (TK or yCD) may lead to bystander effect that
causes cell death in the surrounding tissue. To prevent this,
a Tet promoter can be used to drive the suicide gene
expression resulting in suicide gene expression levels being
controlled by administration of doxycycline.

[0277] Therefore, tissue organoids are contemplated that
encode a reporter molecule and/or a therapeutic agent along
with an inducible suicide gene to remove the biointegrated
tissue organoid by non-surgical means.

Example No. 12: Tissue Organoids for Treating
Obesity

[0278] Recent reports have shown that nearly 40% of
American adults and approximately 20% of children are
obese. Peptide YY (PYY) (SEQ ID NO: 66) is associated
with hunger and satiation and is released from cells in the
ileum and colon in response to feeding. Increased levels of
PYY are believed to be associated with satiation. The
administration of PYY, in accordance with the present
disclosure, may allow those that suffer from obesity to
decrease their food intake, thereby making it possible for
them to not only lose weight, but maintain weight loss.
[0279] Therefore, a tissue organoid engineered to treat
and/or prevent obesity is prepared as described herein using
a targeting vector encoding PYY (SEQ ID NO: 66). It is
anticipated that increased PYY levels will decrease craving
in individuals receiving the PY Y-expressing tissue organoid.
As a result, it is anticipated that the individuals will expe-
rience decreased food seeking and consumption thereby
treating and/or preventing obesity.

Example No. 13: Tissue Organoids for Anti-Aging
Effects

[0280] The global anti-aging market is estimated to be
$250 Billion. Effects of aging include, but are not limited to,
vascular and heart diseases and decreases in immune
response. Tissue inhibitor of metalloproteinases 2 (TIMP2)
(SEQ ID NO: 67) encodes a protein that is a natural inhibitor
of matrix metalloproteinases (MMP). TIMP2 is found in
high concentrations very early in age but declines with age.
Memory studies with mice have shown that older mice
perform comparably with younger mice following injections
with TIMP2 (Castellano et al., Nature, 544, 488-492
(2017)). Controlled administration of TIMP2 may have
anti-aging effects such as memory improvement.
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[0281] Therefore, a tissue organoid engineered to treat
and/or prevent the effects of aging is prepared as described
herein using a targeting vector encoding TIMP2 (SEQ ID
NO: 67). It is anticipated that increased TIMP2 levels will
exhibit anti-aging effects in individuals receiving the
TIMP2-expressing tissue organoid. As a result, it is antici-
pated that treated individuals can experience a decrease in
the negative effects of aging, which can include memory
loss, reduced vascular response, and/or reduced immune
response.

Example No. 14: Tissue Organoids for Nicotine
Abuse

[0282] Similarly, tobacco use is a major cause of death
from cardiovascular disease, pulmonary disease and cancer
(Nature, 362, 2295-2303 (2010)). The Center for Disease
Control claims that nearly 480,000 people die each year
from tobacco-related deaths. It has been long determined
that nicotine is responsible for the additive properties of
tobacco. Nicotine replacement therapies which include the
transdermal nicotine patch and nicotine gum were the first
FDA approved treatments for use in smoking cessation.
While nicotine replacement is commonly used, other forms
of treatment are available which include antibdepressant
bupropion (National Institute on Drug Abuse, Tobacco/
Nicotine, Research Report Series (2012). Despite the numer-
ous treatments available, nicotine abuse still remains preva-
lent. Egecioglu et al., reported that GLP-1 receptor agonist,
Exendin-4 (Ex4) attenuates nicotine-induced locomotor
stimulation, accumbal dopamine release, and the expression
of conditioned place preference in mice (Egecioglu et al.,
2013). Therefore, it is believed that tissue organoids express-
ing mGLP1 can also be used to treat nicotine addiction.

Experimental Procedures

[0283] Unless indicated to the contrary, reagents and
experimental procedures follow those described in Example
No. 2 above.

[0284] Modified GLP1

[0285] The GLP1 gene (mGLP1) was modified to produce
a novel protein with longer half-life in vivo (Kumar et al.,
Gene therapy of diabetes using a novel GLP-1/IgG1-Fc
fusion construct normalizes glucose levels in db/db mice.
Gene therapy 14, 162-172, (2007)). To be able to stably
deliver mGLP1 in vivo and control its expression, we made
a Rosa26-targeting vector encoding a Gly8-mutant mGLP1
and mouse IgG-Fc fragment fusion protein (SEQ ID NO:
45) driven by a dox-dependent promoter (FIG. 25A; Yue et
al. Treatment of diabetes and obesity with CRISPR-medi-
ated genome editing in epidermal progenitor cells. Cell Stem
Cell, In press (2017); Kumar et al., 2007). The glycine
mutation renders the peptide resistant to DPP-IV-mediated
cleavage (Mentlein et al., Dipeptidyl-peptidase IV hydroly-
ses gastric inhibitory polypeptide, glucagon-like peptide-1
(7-36) amide, peptide histidine methionine and is respon-
sible for their degradation in human serum. Eur. J. Biochem.
214, 829-835 (1993)).

[0286] Fusion with IgG-Fc further enhances mGLP1 sta-
bility and circulation half-life when expressed in epidermal
cells (Kumar et al., 2007), and it can pass the blood-brain
barrier to reach the brain (Pardridge, W. M., CSF, blood-
brain barrier, and brain drug delivery. Expert Opin. Drug
Deliv. 13, 963-975 (2016)). The Rosa26 allele has been
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widely used as a safe locus for gene targeting in mice
(Soriano, P., Generalized lacZ expression with the ROSA26
Cre reporter strain. Nat. Genetics 21, 70-71, (1999)). To use
CRISPR-mediated genome editing, vectors encoding the
D10A mutant Cas9 (CRISPR associated protein 9) (Ran et
al., 2013) and two gRNA (guide RNA) targeting the mouse
Rosa26 allele were developed. The D10A mutation in Cas9
and double nicking system reduce the undesired off-target
mutagenesis in the genome to a minimum level (Ran et al.,
2013).

[0287] Skin Organoid Culture and Transplantation
[0288] The epidermal progenitor cells were isolated from
newborn pups of CD1 or C57BL/6] mice. Cells were
transfected with the targeting vector and plasmids encoding
Cas9 and Rosa26-specific gRNAs. Targeted clones were
selected in the medium containing puromycin, and correct
incorporation into the Rosa26 locus was confirmed by PCR
and southern blots (FIG. 25B). Mouse skin substitute was
prepared by seeding the targeted cells to the acellularized
newborn dermis and differentiation upon exposure to the
air/liquid interphase and the resultant tissues were trans-
planted to CD1 or C57BL/6J mice (GLP1).

[0289] When fed with dox food, mGLP1 mice began to
display significantly enhanced levels of mGLP1 in the blood
within 3 days (FIG. 25C; Yue et al., 2017). There was a
dose-dependent release of GLP1 in plasma (not shown).
Expression of mGLP1 in mGLP1 mice was stable for up to
4 months in the presence of dox (FIG. 25D).

Results and Discussion

[0290] GLP1 expression attenuated nicotine-induced CPP
in GLP1 mice (FIG. 29) compared to mock grafted (GWT).

[0291] GLP1 mice did not exhibit significant nicotine-
induced CPP. Following 2 free explorations (Pre-test) on day
1, separate groups of mGLP1 and GWT (n=7 each) received
alternative nicotine (0.4 mg/kg) and saline i.p. injections
twice daily for the next 4 days, as previously described
(Chen et al., Dopamine D1 and D3 receptors are differen-
tially involved in cue-elicited cocaine seeking. J. Neuro-
chem. 114, 530-541 (2010); Kong et al.,, Activation of
dopamine D3 receptors inhibits reward-related learning
induced by cocaine. Neurosci. 176, 152-161 (2011)). CPP
expression was tested on day 6. Results represent mean
+SEM time spent on the drug-paired side minus the saline-
paired side. Repeated-measures ANOVA with test days as
the within group factor and status of grafting as the between-
subject factor were used (Chen et al.,, 2010; Kong et al.,
2011). F value was calculated and Newman-Keuls post-hoc
test was performed (Chen et al., 2010; Kong et al., 2011).
GLP1 and GVVT mice were on dox food for the entire
duration.

[0292] These results demonstrate that mGLP1 expression
attenuated nicotine-induced CPP. Therefore, tissue
organoids expressing mGLP1 have the potential for treating
nicotine abuse. Moreover, it is believed that tissue organoids
designed to express multiple therapeutic agents, such as
mGLP1 and hBChE can be used to reduce incidents of
cocaine and ethanol and/or nicotine co-abuse and potentially
reduce abuse and co-abuse of other drugs, such as amphet-
amines (see Skibicka K. P. The central GLP-1: implications
for food and drug reward, Front Neurosci. 7:181 (2013)). It
is also contemplated herein to that GLP-1 analogs (see
above) can be employed in a similar fashion.
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Sequences
[0293]

SEQ ID NO: 1 Luciferase

SEQ ID NO: 2 H2B-RFP

SEQ ID NO: 3 gRNA expression cassette forward primer

SEQ ID NO: 4 gRNA expression cassette reverse primer

SEQ ID NO: 5 Rosa26 - targeting gRNA forward primer 1

SEQ ID NO: 6 Rosa26 - targeting gRNA reverse primer 1

SEQ ID NO: 7 Rosa26 - targeting gRNA forward primer 2

SEQ ID NO: 8 Rosa26 - targeting gRNA reverse primer 2

SEQ ID NO: 9 AAVSI - targeting gRNA forward primer 1

SEQ ID NO: 10 AAVSI - targeting gRNA reverse primer 1

SEQ ID NO: 11 AAVSI - targeting gRNA forward primer 2

SEQ ID NO: 12 AAVS] - targeting gRNA reverse primer 2

SEQ ID NO: 13 Rosa26 targeting vector forward primer 1

SEQ ID NO: 14 Rosa26 targeting vector reverse primer 1

SEQ ID NO: 15 Rosa26 targeting vector forward primer 2

SEQ ID NO: 16 Rosa26 targeting vector reverse primer 2

SEQ ID NO: 17 Rosa26 targeting vector forward primer 3

SEQ ID NO: 18 Rosa26 targeting vector reverse primer 3

SEQ ID NO: 19 AAVSI targeting vector constructed with
AAVS1 hPGK-PuroR-pA donor forward
primer 1

SEQ ID NO: 20 AAVSI targeting vector constructed with
AAVS1 hPGK-PuroR-pA donor reverse
primer 1

SEQ ID NO: 21 AAVSI targeting vector constructed with
AAVS1 hPGK-PuroR-pA donor forward
primer 2

SEQ ID NO: 22 AAVSI targeting vector constructed with
AAVS1 hPGK-PuroR-pA donor reverse
primer 2

SEQ ID NO: 23 AAVSI targeting vector constructed with
AAVS1 hPGK-PuroR-pA donor forward
primer 3

SEQ ID NO: 24 AAVSI targeting vector constructed with
AAVS1 hPGK-PuroR-pA donor reverse
primer 3

SEQ ID NO: 25 Genotyping primer for CRISPR mediated
knockin #1

SEQ ID NO: 26 Genotyping primer for CRISPR mediated
knockin #2

SEQ ID NO: 27 Genotyping primer for CRISPR mediated
knockin #3

SEQ ID NO: 28 CFP/YFP FRET sensor with A213R/L238S
double mutant of GGBP

SEQ ID NO: 29 Cas9 D10A

SEQ ID NO: 30 Rosa26 gRNA1

SEQ ID NO: 31 Rosa26 gRNA2

SEQ ID NO: 32 Rosa26 targeting vector

SEQ ID NO: 33 Rosa26 targeting vector with GGBP

SEQ ID NO: 34 IgG Fe (mouse)

SEQ ID NO: 35 S2-VaTx3 with signal

SEQ ID NO: 36 S2-DkTx with signal

SEQ ID NO: 37 VatX3 target vector cassette: signal->VaTx3-
>Furin->IgGFc

SEQ ID NO: 38 DkTx target vector cassette: signal->DkTx-
>Furin->IgGFc

SEQ ID NO: 39 IgG Fec (human)

SEQ ID NO: 40 AAVSI targeting vector

SEQ ID NO: 41 Human mutant BChE

SEQ ID NO: 42 Nucleic acid sequence encoding the amino
acid sequence of SEQ ID NO: 41

SEQ ID NO: 43 Mouse mutant BChE

SEQ ID NO: 44 Nucleic acid sequence encoding the amino
acid sequence of SEQ ID NO: 43

SEQ ID NO: 45 mGLP-1 (GLY® mutant with IgG-Fc fusion)

SEQ ID NO: 46 Nucleic acid sequence encoding the amino
acid sequence of SEQ ID NO: 45

SEQ ID NO: 47 Primer A

SEQ ID NO: 48 Primer B

SEQ ID NO: 49 Primer C

SEQ ID NO: 50 Primer D

SEQ ID NO: 51 PAL

SEQ ID NO: 52 HSV-TK

SEQ ID NO: 53 yCD
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-continued
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-continued

SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

PAH
GTPCH
PTPS

SR (sepiapterin reductase)
Factor VIII minus B

Factor VIII

Albumin
Factor IX

SEQ ID NO: 62 H-FABP

SEQ ID NO: 63 Myocardial myoglobin
SEQ ID NO: 64 GFAP

SEQ ID NO: 65 S100B

SEQ ID NO: 66 PYY (Homo sapiens)
SEQ ID NO: 67 TIMP2 (Homo sapiens)

Name

Sequence

SEQ ID NO:

SEQ ID NO:

1

2

ATGCCAGAGCCAGCGAAGTCTGCTCCCGCCCCGARRAAAGGGCTCC
AAGAAGGCGGTGACTAAGGCGCAGAAGAAAGGCGGCAAGAAGCGC
AAGCGCAGCCGCAAGGAGAGCTATTCCATCTATGTGTACAAGGTTC
TGAAGCAGGTCCACCCTGACACCGGCATTTCGTCCAAGGCCATGGG
CATCATGAACTCGTTTGTGAACGACATTTTCGAGCGCATCGCAGGTG
AGGCTTCCCGCCTGGCGCATTACAACAAGCGCTCGACCATCACCTC
CAGGGAGATCCAGACGGCCGTGCGCCTGCTGCTGCCTGGGGAGTT
GGCCAAGCACGCCGTGTCCGAGGGTACTAAGGCCATCACCAAGTAC
ACCAGCGCTAAGGATCCACCGGTCGCCACCATGGCCTCCTCCGAG
GACGTCATCAAGGAGTTCATGCGCTTCAAGGTGCGCATGGAGGGCT
CCGTGAACGGCCACGAGTTCGAGATCGAGGGCGAGGGCGAGGGC
CGCCCCTACGAGGGCACCCAGACCGCCAAGCTGAAGGTGACCAAG
GGCGGCCCCCTGCCCTTCGCCTGGGACATCCTGTCCCCTCAGTTCC
AGTACGGCTCCAAGGCCTACGTGAAGCACCCCGCCGACATCCCCG
ACTACTTGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGT
GATGAACTTCGAGGACGGCGGCGTGGTGACCGTGACCCAGGACTC
CTCCCTGCAGGACGGCGAGTTCATCTACAAGGTGAAGCTGCGCGG
CACCAACTTCCCCTCCGACGGCCCCGTAATGCAGAAGAAGACCATG
GGCTGGGAGGCCTCCACCGAGCGGATGTACCCCGAGGACGGCGC
CCTGAAGGGCGAGATCAAGATGAGGCTGAAGCTGAAGGACGGCGG
CCACTACGACGCCGAGGTCAAGACCACCTACATGGCCAAGAAGCCC
GTGCAGCTGCCCGGCGCCTACAAGACCGACATCAAGCTGGACATCA
CCTCCCACAACGAGGACTACACCATCGTGGAACAGTACGAGCGCGC
CGAGGGCCGCCACTCCACCGGCGCC

ATGGAAGACGCCAAAAACATAAAGAAAGGCCCGGCGCCATTCTATC
CGCTGGAAGATGGAACCGCTGGAGAGCAACTGCATAAGGCTATGAA
GAGATACGCCCTGGTTCCTGGAACAATTGCTTTTACAGATGCACATA
TCGAGGTGGACATCACTTACGCTGAGTACTTCGAAATGTCCGTTCG
GTTGGCAGAAGCTATGAAACGATATGGGCTGAATACAAATCACAGAA
TCGTCGTATGCAGTGAAAACTCTCTTCAATTCTTTATGCCGGTGTTG
GGCGCGTTATTTATCGGAGTTGCAGTTGCGCCCGCGAACGACATTT
ATAATGAACGTGAATTGCTCAACAGTATGGGCATTTCGCAGCCTACC
GTGGTGTTCGTTTCCAAAAAGGGGTTGCAAAAAATTTTGAACGTGCA
AAAAAAGCTCCCAATCATCCAAAAAATTATTATCATGGATTCTAAAAC
GGATTACCAGGGATTTCAGTCGATGTACACGTTCGTCACATCTCATC
TACCTCCCGGTTTTAATGAATACGATTTTGTGCCAGAGTCCTTCGAT
AGGGACAAGACAATTGCACTGATCATGAACTCCTCTGGATCTACTGG
TCTGCCTAAAGGTGTCGCTCTGCCTCATAGAACTGCCTGCGTGAGA
TTCTCGCATGCCAGAGATCCTATTTTTGGCAATCAAATCATTCCGGA
TACTGCGATTTTAAGTGTTGTTCCATTCCATCACGGTTTTGGAATGTT
TACTACACTCGGATATTTGATATGTGGATTTCGAGTCGTCTTAATGTA
TAGATTTGAAGAAGAGCTGTTTCTGAGGAGCCTTCAGGATTACAAGA
TTCAAAGTGCGCTGCTGGTGCCAACCCTATTCTCCTTCTTCGCCAAA
AGCACTCTGATTGACAAATACGATTTATCTAATTTACACGAAATTGCT
TCTGGTGGCGCTCCCCTCTCTAAGGAAGTCGGGGAAGCGGTTGCCA
AGAGGTTCCATCTGCCAGGTATCAGGCAAGGATATGGGCTCACTGA
GACTACATCAGCTATTCTGATTACACCCGAGGGGGATGATAAACCG
GGCGCGGTCGGTAAAGTTGTTCCATTTTTTGAAGCGAAGGTTGTGG
ATCTGGATACCGGGAAAACGCTGGGCGTTAATCAAAGAGGCGAACT
GTGTGTGAGAGGTCCTATGATTATGTCCGGTTATGTAAACAATCCGG
AAGCGACCAACGCCTTGATTGACAAGGATGGATGGCTACATTCTGG
AGACATAGCTTACTGGGACGAAGACGAACACTTCTTCATCGTTGACC
GCCTGAAGTCTCTGATTAAGTACAAAGGCTATCAGGTGGCTCCCGC
TGAATTGGAATCCATCTTGCTCCAACACCCCAACATCTTCGACGCAG
GTGTCGCAGGTCTTCCCGACGATGACGCCGGTGAACTTCCCGCCG
CCGTTGTTGTTTTGGAGCACGGAAAGACGATGACGGAAAAAGAGAT
CGTGGATTACGTCGCCAGTCAAGTAACAACCGCGAAAAAGTTGCGC
GGAGGAGTTGTGTTTGTGGACGAAGTACCGAAAGGTCTTACCGGAA
AACTCGACGCAAGAAAAATCAGAGAGATCCTCATAAAGGCCAAGAA
GGGCGGAAAGATCGCCG
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Name Sequence
SEQ ID NO: 3 AAG GAA AAA AGC CCC CCC TGT ACA AAA ARG CAG G
SEQ ID NO: 4 gGA ATT CTA ATG CCA ACT TTG TAC
SEQ ID NO: 5 ACA CCG GCA GGC TTA AAG GCT AAC CG
SEQ ID NO: 6 ARAA ACG GTT AGC CTT TAA GCC TGC CG
SEQ ID NO: 7 ACA CCG AGG ACA ACG CCC ACA CAC Cg
SEQ ID NO: 8 ARAA ACG CTC TGT GGG CGT TGT CCT CG
SEQ ID NO: 9 ACA CCG TCA CCA ATC CTG TCC CTA GG

SEQ ID NO: 10 AAA ACC TAG GGA CAG GAT TGG TGA CG

SEQ ID NO: 11 ACA CCG CCC CAC ACT GGG GCC ACT AG

SEQ ID NO: 12 AAA ACT ACT CCC CCC ACT CTC GGG CG

SEQ ID NO: 13 GAC TAG TGA ATT CCC ATC CTT AAT TAA CCC CTC CCC GCC
GGG TTT TGG CG

SEQ ID NO: 14 GAC TAG TCC CCC CCC ATC CAC CCC TCA GGA ACA GGT GGT
CCC ccce cc

SEQ ID NO: 15 CCC GAT CCA CCG CTC ACC GCA GAG GAA GCC TTC TAA C

SEQ ID NO: 16 TCC CCC GGG TAC AAA ATC AGA ACC ACA GGG AAG

SEQ ID NO: 17 GGA ATT CAA TAA AAT ATC TTT ATT TTC ATT ACA TC

SEQ ID NO: 18 CCT TAA TTA ACC ATC CAC CCC TGT TTA AAC ACC GGT TTT ACG
AGG GTA GGA AGT GGT AC

SEQ ID NO: 19 CCC AAG CTT CTC GAG TTG GGG TTG CCC CTT TTC CAA G

SEQ ID NO: 20 CCC AAG CTT CCA TAG AGC CCA CCG CAT CCC C

SEQ ID NO: 21 CAG GGT CTA GAC GCC GGA TCC GGT ACC CTG TGC CTT CTA
GTT GC

SEQ ID NO: 22 GGA TCC CCC CTC TAG ACC CTG GGG AGA GAG CTC GGT G

SEQ ID NO: 23 CCG CTC GAG AAT AAA ATA TCT TTA TTT TCA TTA CAT C

SEQ ID NO: 24 GCT CTA GAC CAA CTC ACG ATC ACA CCC ATC

SEQ ID NO: 25 GAG CTG GGA CCA CCT TAT ATT C

SEQ ID NO: 26 GGT GCA TGA CCC GCA AG

SEQ ID NO: 27 GAG AGA TGG CTC CAG GAA ATG

SEQ ID NO: 28 ATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATC
CTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTG
TCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTG
AAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCC
TCGTGACCACCCTGACCTGGGGCGTGCAGTGCTTCAGCCGCTACCC
CGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAA
GGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACT
ACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGA
ACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACAT
CCTGGGGCACAAGCTGGAGTACAACTACATCAGCCACAACGTCTAT
ATCACCGCCGACAAGCAGAAGAACGGCATCAAGGCCAACTTCAAGA
TCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACT
ACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCG
ACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAA
CGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGC
CGGGATCACTCTCGGCATGGACGAGCTGTACAAGGGTGGTACCGG
AGGCGCCGCTGATACTCGCATTGGTGTAACAATCTATAAGTACGAC
GATAACTTTATGTCTGTAGTGCGCAAGGCTATTGAGCAAGATGCGAA
AGCCGCGCCAGATGTTCAGCTGCTGATGAATGATTCTCAGAATGAC
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Name

Sequence

SEQ ID NO:

29

CAGTCCAAGCAGAACGATCAGATCGACGTATTGCTGGCGARAAGGGG
TGAAGGCACTGGCAATCAACCTGGTTGACCCGGCAGCTGCGGGTAC
GGTGATTGAGAAAGCGCGTGGGCAAAACGTGCCGGTGGTTTTCTTC
AACAAAGAACCGTCTCGTAAGGCGCTGGATAGCTACGACAAAGCCT
ACTACGTTGGCACTGACTCCAAAGAGTCCGGCATTATTCAAGGCGAT
TTGATTGCTAAACACTGGGCGGCGAATCAGGGTTGGGATCTGAACA
AAGACGGTCAGATTCAGTTCGTACTGCTGAAAGGTGAACCGGGCCA
TCCGGATGCAGAAGCACGTACCACTTACGTGATTAAAGAATTGAACG
ATAAAGGCATCAAAACTGAACAGTTACAGTTAGATACCGCAATGTGG
GACACCGCTCAGGCGAAAGATAAGATGGACGCCTGGCTGTCTGGC
CCGAACGCCAACAAAATCGAAGTGGTTATCGCCAACAACGATCYGAT
GGCAATGGGCGCGGTTGAAGCGCTGAAAGCACACAACAAGTCCAG
CATTCCGGTGTTTGGCGTCGATGCGLcGCCAGAAGCGCTGGCGCTG
GTGAAATCCGGTGCACTGGCGGGCACCGTACTGAACGATGCTAACA
ACCAGGCGAAAGCGACCTTTGATCTGGCGAAAAACCTGGCCGATGG
TAAAGGTGCGGCTGATGGCACCAACTGGAAAATCGACAACAAAGTG
GTCCGCGTACCTTATGTTGGCGTAGATAAAGACAACCTGGCTGAATT
CAGCAAGAAAGGCGCCGGTACCGGTGGAATGGTGAGCAAGGGCGA
GGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGG
CGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGG
CGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACC
GGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCTTCGGC
TACGGCCTGCAGTGCTTCGCCCGCTACCCCGACCACATGAAGCAGC
ACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCG
CACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAG
GTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAG
GGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTG
GAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCA
GAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAG
GACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCC
ATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGC
TACCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACA
TGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCAT
GGACGAGCTG

GCCACCATGGACAAGAAGTACTCCATTGGGCTCGCTATCGGCACAA
ACAGCGTCGGCTGGGCCGTCATTACGGACGAGTACAAGGTGCCGA
GCAAAAAATTCAAAGTTCTGGGCAATACCGATCGCCACAGCATAAAG
AAGAACCTCATTGGCGCCCTCCTGTTCGACTCCGGGGAGACGGCC
GAAGCCACGCGGCTCAAAAGAACAGCACGGCGCAGATATACCCGC
AGAAAGAATCGGATCTGCTACCTGCAGGAGATCTTTAGTAATGAGAT
GGCTAAGGTGGATGACTCTTTCTTCCATAGGCTGGAGGAGTCCTTTT
TGGTGGAGGAGGATAAAAAGCACGAGCGCCACCCAATCTTTGGCAA
TATCGTGGACGAGGTGGCGTACCATGAAAAGTACCCAACCATATATC
ATCTGAGGAAGAAGCTTGTAGACAGTACTGATAAGGCTGACTTGCG
GTTGATCTATCTCGCGCTGGCGCATATGATCAAATTTCGGGGACACT
TCCTCATCGAGGGGGACCTGAACCCAGACAACAGCGATGTCGACAA
ACTCTTTATCCAACTGGTTCAGACTTACAATCAGCTTTTCGAAGAGAA
CCCGATCAACGCATCCGGAGTTGACGCCAAAGCAATCCTGAGCGCT
AGGCTGTCCAAATCCCGGCGGCTCGAAAACCTCATCGCACAGCTCC
CTGGGGAGAAGAAGAACGGCCTGTTTGGTAATCTTATCGCCCTGTC
ACTCGGGCTGACCCCCAACTTTAAATCTAACTTCGACCTGGCCGAA
GATGCCAAGCTTCAACTGAGCAAAGACACCTACGATGATGATCTCGA
CAATCTGCTGGCCCAGATCGGCGACCAGTACGCAGACCTTTTTTTG
GCGGCAAAGAACCTGTCAGACGCCATTCTGCTGAGTGATATTCTGC
GAGTGAACACGGAGATCACCAAAGCTCCGCTGAGCGCTAGTATGAT
CAAGCGCTATGATGAGCACCACCAAGACTTGACTTTGCTGAAGGCC
CTTGTCAGACAGCAACTGCCTGAGAAGTACAAGGAAATTTTCTTCGA
TCAGTCTAAAAATGGCTACGCCGGATACATTGACGGCGGAGCAAGC
CAGGAGGAATTTTACAAATTTATTAAGCCCATCTTGGAAAAAATGGA
CGGCACCGAGGAGCTGCTGGTAAAGCTTAACAGAGAAGATCTGTTG
CGCAAACAGCGCACTTTCGACAATGGAAGCATCCCCCACCAGATTC
ACCTGGGCGAACTGCACGCTATCCTCAGGCGGCAAGAGGATTTCTA
CCCCTTTTTGAAAGATAACAGGGAAAAGATTGAGAAAATCCTCACAT
TTCGGATACCCTACTATGTAGGCCCCCTCGCCCGGGGAAATTCCAG
ATTCGCGTGGATGACTCGCAAATCAGAAGAGACCATCACTCCCTGG
AACTTCGAGGAAGTCGTGGATAAGGGGGCCTCTGCCCAGTCCTTCA
TCGAAAGGATGACTAACTTTGATAAAAATCTGCCTAACGAAAAGGTG
CTTCCTAAACACTCTCTGCTGTACGAGTACTTCACAGTTTATAACGA
GCTCACCAAGGTCAAATACGTCACAGAAGGGATGAGAAAGCCAGCA
TTCCTGTCTGGAGAGCAGAAGAAAGCTATCGTGGACCTCCTCTTCAA
GACGAACCGGAAAGTTACCGTGAAACAGCTCAAAGAAGACTATTTCA
AAAAGATTGAATGTTTCGACTCTGTTGAAATCAGCGGAGTGGAGGAT
CGCTTCAACGCATCCCTGGGAACGTATCACGATCTCCTGAAAATCAT
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Name

Sequence

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

30

31

32

TAAAGACAAGGACTTCCTGGACAATGAGGAGAACGAGGACATTCTT
GAGGACATTGTCCTCACCCTTACGTTGTTTGAAGATAGGGAGATGAT
TGAAGAACGCTTGAAAACTTACGCTCATCTCTTCGACGACAAAGTCA
TGAAACAGCTCAAGAGGCGCCGATATACAGGATGGGGGCGGCTGT
CAAGAAAACTGATCAATGGGATCCGAGACAAGCAGAGTGGAAAGAC
AATCCTGGATTTTCTTAAGTCCGATGGATTTGCCAACCGGAACTTCA
TGCAGTTGATCCATGATGACTCTCTCACCTTTAAGGAGGACATCCAG
ARAGCACAAGTTTCTGGCCAGGGGGACAGTCTTCACGAGCACATCG
CTAATCTTGCAGGTAGCCCAGCTATCAAAAAGGGAATACTGCAGACC
GTTAAGGTCGTGGATGAACTCGTCAAAGTAATGGGAAGGCATAAGC
CCGAGAATATCGTTATCGAGATGGCCCGAGAGAACCAAACTACCCA
GAAGGGACAGAAGAACAGTAGGGAAAGGATGAAGAGGATTGAAGA
GGGTATAAAAGAACTGGGGTCCCAAATCCTTAAGGAACACCCAGTT
GAAAACACCCAGCTTCAGAATGAGAAGCTCTACCTGTACTACCTGCA
GAACGGCAGGGACATGTACGTGGATCAGGAACTGGACATCAATCGG
CTCTCCGACTACGACGTGGATCATATCGTGCCCCAGTCTTTTCTCAA
AGATGATTCTATTGATAATAAAGTGTTGACAAGATCCGATAAAAATAG
AGGGAAGAGTGATAACGTCCCCTCAGAAGAAGTTGTCAAGAAAATG
AAAAATTATTGGCGGCAGCTGCTGAACGCCAAACTGATCACACAAC
GGAAGTTCGATAATCTGACTAAGGCTGAACGAGGTGGCCTGTCTGA
GTTGGATAAAGCCGGCTTCATCAAAAGGCAGCTTGTTGAGACACGC
CAGATCACCAAGCACGTGGCCCAARATTCTCGATTCACGCATGAACA
CCAAGTACGATGAAAATGACAAACTGATTCGAGAGGTGAAAGTTATT
ACTCTGAAGTCTAAGCTGGTCTCAGATTTCAGAAAGGACTTTCAGTT
TTATAAGGTGAGAGAGATCAACAATTACCACCATGCGCATGATGCCT
ACCTGAATGCAGTGGTAGGCACTGCACTTATCAAAAAATATCCCAAG
CTTGAATCTGAATTTGTTTACGGAGACTATAAAGTGTACGATGTTAG
GAAAATGATCGCAAAGTCTGAGCAGGAAATAGGCAAGGCCACCGCT
AAGTACTTCTTTTACAGCAATATTATGAATTTTTTCAAGACCGAGATT
ACACTGGCCAATGGAGAGATTCGGAAGCGACCACTTATCGAAACAA
ACGGAGAAACAGGAGAAATCGTGTGGGACAAGGGTAGGGATTTCGC
GACAGTCCGGAAGGTCCTGTCCATGCCGCAGGTGAACATCGTTARA
AAGACCGAAGTACAGACCGGAGGCTTCTCCAAGGAAAGTATCCTCC
CGAAAAGGAACAGCGACAAGCTGATCGCACGCAAAAAAGATTGGGA
CCCCAAGAAATACGGCGGATTCGATTCTCCTACAGTCGCTTACAGTG
TACTGGTTGTGGCCAAAGTGGAGAAAGGGAAGTCTAAAAAACTCAAA
AGCGTCAAGGAACTGCTGGGCATCACAATCATGGAGCGATCAAGCT
TCGAAAAAAACCCCATCGACTTTCTCGAGGCGAAAGGATATAAAGAG
GTCAAAAAAGACCTCATCATTAAGCTTCCCAAGTACTCTCTCTTTGAG
CTTGAAAACGGCCGGAAACGAATGCTCGCTAGTGCGGGCGAGCTG
CAGAAAGGTAACGAGCTGGCACTGCCCTCTAAATACGTTAATTTCTT
GTATCTGGCCAGCCACTATGAAAAGCTCAAAGGGTCTCCCGAAGAT
AATGAGCAGAAGCAGCTGTTCGTGGAACAACACAAACACTACCTTGA
TGAGATCATCGAGCAAATAAGCGAATTCTCCAAAAGAGTGATCCTCG
CCGACGCTAACCTCGATAAGGTGCTTTCTGCTTACAATAAGCACAGG
GATAAGCCCATCAGGGAGCAGGCAGAAAACATTATCCACTTGTTTAC
TCTGACCAACTTGGGCGCGCCTGCAGCCTTCAAGTACTTCGACACC
ACCATAGACAGAAAGCGGTACACCTCTACAAAGGAGGTCCTGGACG
CCACACTGATTCATCAGTCAATTACGGGGCTCTATGAAACAAGAATC
GACCTCTCTCAGCTCGGTGGAGACAGCAGGGCTGACCCCAAGAAG
AAGAGGAAGGTGTGA

GGCAGGCTTAAAGGCTAACCTGG

GACTGGAGTTGCAGATCACGAGG

CCGCGGCAGGCCCTCCGAGCGTGGTGGAGCCGTTCTGTGAGACAG
CCGGGTACGAGTCGTGACGCTGGAAGGGGCAAGCGGGTGGTGGG
CAGGAATGCGGTCCGCCCTGCAGCAACCGGAGGGGGAGGGAGAA
GGGAGCGGAAAAGTCTCCACCGGACGCGGCCATGGCTCGGGGEGE
GGGGGGGCAGCGGAGGANCGCTTCCGGCCGACGTCTCGTCGCTGA
TTGGCTTNTTTTCCTCCCGCCGTGTGTGAAAACACAAATGGCGTGTT
TTGGTTGGCGTAAGGCGCCTGTCAGTTAACGGCAGCCGGAGTGCG
CAGCCGCCGGCAGCCTCGCTCTGCCCACTGGGTGGGGCGGGAGG
TAGGTGGGGTGAGGCGAGCTGNACGTGCGGGCGCGGTCGGCCTCT
GGCGGGGCGGGGGAGGGGAGGGAGGGT CAGCGAAAGTAGCTCGC
GCGCGAGCGGCCGCCCACCCTCCCCTTCCTCTGGGGGAGTCGTTT
TACCCGCCGCCGGCCGGGCCTCGTCGTCTGATTGGCTCTCGGGGC
CCAGAAAACTGGCCCTTGCCATTGGCTCGTGTTCGTGCAAGTTGAG
TCCATCCGCCGGCCAGCGGGGGCGGCGAGGAGGCGCTCCCAGGT
TCCGGCCCTCCCCTCGGCCCCGCGCCGCAGAGTCTGGCCGCGCGC
CCCTGCGCAACGTGGCAGGAAGCGCGCGCTGGGGGCGGGGACGG
GCAGTAGGGCTGAGCGGCTGCGGGGCGGGTGCAAGCACGTTTCCG
ACTTGAGTTGCCTCAAGAGGGGCGTGCTGAGCCAGACCTCCATCGC
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Name

Sequence

GCACTCCGGGGAGTGGAGGGAAGGAGCGAGGGCTCAGTTGGGCT
GTTTTGGAGGCAGGAAGCACTTGCTCTCCCAAAGTCGCTCTGAGTT
GTTATCAGTAAGGGAGCTGCAGTGGAGTAGGCGGGGAGAAGGCCG
CACCCTTCTCCGGAGGGGGGAGGGGAGTGTTGCAATACCTTTCTGG
GAGTTCTCTGCTGCCTCCTGGCTTCTGAGGACCGCCCTGGGCCTGG
GAGAATCCCTTGCCCCCTCTTCCCCTCGTGATCTGCAACTCCAGTCT
TTCTAGTGAATTCGGATCCTTAATTAAGGCCTCCGCGCCGGGTTTTG
GCGCCTCCCGCGGGCGCCCCCCTCCTCACGGCGAGCGCTGCCAC
GTCAGACGAAGGGCGCAGCGAGCGTCCTGATCCTTCCGCCCGGAC
GCTCAGGACAGCGGCCCGCTGCTCATAAGACTCGGCCTTAGAACCC
CAGTATCAGCAGAAGGACATTTTAGGACGGGACTTGGGTGACTCTA
GGGCACTGGTTTTCTTTCCAGAGAGCGGAACAGGCGAGGAAAAGTA
GTCCCTTCTCGGCGATTCTGCGGAGGGATCTCCGTGGGGCGGTGA
ACGCCGATGATTATATAAGGACGCGCCGGGTGTGGCACAGCTAGTT
CCGTCGCAGCCGGGATTTGGGTCGCGGTTCTTGTTTGTGGATCGCT
GTGATCGTCACTTGGTCTAGACGCCACCATGGTGTCCAAGGGCGAG
GAGGTGATCAAGGAGTTCATGCGCTTCAAGGTGCGCATGGAGGGCT
CCATGAACGGCCACGAGTTCGAGAT CGAGGGCGAGGGCGAGGGCC
GCCCCTACGAGGGCACCCAGACCGCCAAGCTGAAGGTGACCAAGG
GCGGCCCCCTGCCCTTCGCCTGGGACATCCTGTCCCCCCAGTTCAT
GTACGGCTCCAAGGCCTACGTGAAGCACCCCGCCGACATCCCCGA
CTACAAGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTG
ATGAACTTCGAGGACGGCGGCCTGGTGACCGTGACCCAGGACTCC
TCCCTGCAGGACGGCACCCTGATCTACAAGGTGAAGATGCGCGGCA
CCAACTTCCCCCCCGACGGCCCCGTGATGCAGAAGAAGACCATGG
GCTGGGAGGCCTCCACCGAGCGCCTGTACCCCCGCGACGGCGTGC
TGAAGGGCGAGATCCACCAGGCCCTGAAGCTGAAGGACGGCGGCC
ACTACCTGGTGGAGTTCAAGACCATCTACATGGCCAAGAAGCCCGT
GCAGCTGCCCGGCTACTACTACGTGGACACCAAGCTGGACATCACC
TCCCACAACGAGGACTACACCATCGTGGAGCAGTACGAGCGCTCCG
AGGGCCGCCACCACCTGTTCCTGACCGGTGAGGGCAGAGGAAGCC
TTCTAACATGCGGTGACGTGGAGGAGAATCCCGGCCCTTCCGGGAT
GACCGAGTACAAGCCCACGGTGCGCCTCGCCACCCGCGACGACGT
CCCCAGGGCCGTACGCACCCTCGCCGCCGCGTTCGCCGACTACCC
CGCCACGCGCCACACCGTCGATCCGGACCGCCACATCGAGCGGGT
CACCGAGCTGCAAGAACTCTTCCTCACGCGCGTCGGGCTCGACATC
GGCAAGGTGTGGGTCGCGGACGACGGCGCCGCGGTGGCGGTCTG
GACCACGCCGGAGAGCGTCGAAGCGGGGGCGGTGTTCGCCGAGAT
CGGCCCGCGCATGGCCGAGTTGAGCGGTTCCCGGCTGGCCGCGCA
GCAACAGATGGAAGGCCTCCTGGCGCCGCACCGGCCCAAGGAGCT
CGCGTGGTTCCTGGCCACCGTCGGCGTCTCGCCCGACCACCAGGG
CAAGGGTCTGGGCAGCGCCGTCGTGCTCCCCGGAGTGGAGGCGG
CCGAGCGCGCCGGGGTGCCCGCCTTCCTGGAGACCTCCGCGCCCC
GCAACCTCCCCTTCTACGAGCGGCTCGGCTTCACCGTCACCGCCGA
CGTCGAGGTGCCCGAAGGACCGCGCACCTGGTGCATGACCCGCAA
GCCCGGTGCCTGAATCTAGGTCGACCTGCAGAAGCTTGCCTCGAGC
AGCGCTGCTCGAGAGATCTACGGGTGGCATCCCTGTGACCCCTCCC
CAGTGCCTCTCCTGGCCCTGGAAGTTGCCACTCCAGTGCCCACCAG
CCTTGTCCTAATAAAATTAAGTTGCATCATTTTGTCTgACTAGGTGTC
CTTCTATAATATTATGGGGTGGAGGGGGGTGGTATGGAGCAAGGGG
CAAGTTGGGAAGACAACCTGTAGGGCCTGCGGGGTCTATTGGGAAC
CAAGCTGGAGTGCAGTGGCACAATCLTGGCTCACTGCAATCTCCGCC
TCCTGGGTTCAAGCGATTCTCCTGCCTCAGCCTCCCGAGTTGTTGG
GATTCCAGGCATGCATGACCAGGCTCAGCTAATTTTTGTTTTTTTGG
TAGAGACGGGGt TTCACCATATTGGCCAGGCTGGTCTCCAACTCCTA
ATCTCAGGTGATCTACCCACCTTGGCCTCCCAAATTGCTGGGATTAC
AGGCGTGAACCACTGCTCCCTTCCCTGTCCTTCTGATTTTGTACCCG
gGACTAGAAGATGGGCGGGAGTCTTCTGGGCAGGCTTAAAGGCTAA
CCTGGTGTGTGGGCGTTGTCCTGCAGGGGAATTGAACAGGTGTAAA
ATTGGAGGGACAAGACTTCCCACAGATTTTCGGTTTTGTCGGGAAGT
TTTTTAATAGGGGCAAATAGGAAAATGGAGGATAGGAGTCATCTGGG
GTTTATGCAGCAAAACTACAGGTATATTGCTTGTATCCGCCTCGGAG
ATTTCCATGAGGAGATAAAGACATGTCACCCGAGTTTATACTCTCCT
GCTTAGATCCTACTACAGTATGAAATACAGTGTNGCGAGGTAGACTA
TGTAAGCAGATTTAATCATTTTAAAGAGCCCAGTACTTCATATCCATT
TCTCCCGCTCCTTCTGCAGCCTTATCAAAAGGTATTTAGAACACTCA
TTTTAGCCCCATTTTCATTTATTATACTGGCTTATCCAACCCCTAGAC
AGAGCATTGGCATTTTCCCTTTCCTGATCTTAGAAGTCTGATGACTC
ATGAAACCAGACAGATTAGTTACATACACCACAAATCGAGGCTGTAG
CTGGGGCCTCAACACTGCAGTTCTTTTATAACTCCTTAGTACACTTTT
TGTTGATCCTTTGCCTTGATCCTTAATTTTCAGTGTCTATCACCTCTC
CCGTCAGGTGGTGTTCCACATTTGGGCCTATTCTCAGT CCAGGGAG
TTTTACAACAATAGATGTATTGAGAATCCAACCTAAAGCTTAACTTTC
CACTCCCATGAATGCCTCTCTCCTTTTTCTCCATTATAACTGAGCTAT
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Name Sequence

NACCATTAATGGTTTCAGGTGGATGTCTCCTCCCCCAATATACCTGA
TGTATCTACATATTGCCAGGCTGATATTTTAAGACATNAAAGGTATAT
TTCATTATTGAGCCACATGGTATTGATTACTGCTACTAAAATTTTGTC
ATTGTACACATCTGTAAAAGGTGGTTCCTTTTGGAATGCAAAGTTCA
GGTGTTTGTTGTCTTTCCTGACCTAAGGTCTTGTGAGCTTGTATTTTT
TCTATTTAAGCAGTGCTTTCTCTTGGACTGGCTTGACTCATGGCATT
CTACACGTTATTGCTGGTCTAAATGTGATTTTGCCAAGCTTCTTCAG
GACCTATAATTTTGCTTGACTTGTAGCCAAACACAAGTAAAATGATTA
AGCAACAAATGTATTTGTGAAGCTTGGTTTTTAGGTTGTTGTGTTGTG
TGTGCTTGTGCTCTATAATAATACTAT CCAGGGGCTGGAGAGGTGG
CTCGGAGTTCAAGAGCACAGACTGCTCTTCCAGAAGTCCTGAGTTC
AATTCCCAGCAACCACATGGTGGCTCACAACCATCTGTAATGGGATC
TGATGCCCTCTTCTGGTGTGTCTGAAGACCACAAGTGTATTCACATT
AAATAAATAATCCTCCTTCTTCTTCTTTTTTTTTTTTTARAGAGAATNCT
GTCTCCAGTAGAATTACTGAAGTAATGAAATACTTTGTGTTTGTTCCA
ATATGGNAGCCAATAATCAAATACTCTTNAGCACTGGAAATGTACCAA
GGAACTATTTTATTTAAGTGNACTGTGGACAGAGGAGCCATAACTGC
AGACTTGTGGGATACAGAAGACCAATGCAGACTTAATGTCTTTTCTC
TTACACTAAGCAATAAAGAAATAAAAATTGAACTTCTAGTATCCTATTT
GTTAAACTGCTAGCTTTACTAACTTTTGTGCTTCATCTATACAAAGCT
GAAAGCTAAGTCTGCAGCCATTACTAAACATGAAAGCAAGTAATGAT
AATTTTGGATTTCAAAAATGTAGGGCCAGAGTTTAGCCAGCCAGTGG
TGGTGCTTGCCTTTATGCCTTAATCCCAGCACTCTGGAGGCAGAGA
CAGGCAGATCTCTGAGTTTGAGCCCAGCCTGGTCTACACATCAAGTT
CTATCTAGGATAGCCAGGAATACACACAGAAACCCTGTTGGGGAGG
GGGGCTCTGAGATTTCATAAAATTATAATTGAAGCATTCCCTAATGA
GCCACTATGGATGTGGCTAAATCCGTCTACCTTTCTGATGAGATTTG
GGTATTATTTTTTCTGTCTCTGCTGTTGGTTGGGTCTTTTGACACTGT
GGGCTTTCTTAAAGCCTCCTTCCCTGCCATGTGGTCTCTTGTTTGCT
ACTAACTTCCCATGGCTTAAATGGCATGGCTTTTTGCCTTCTAAGGG
CAGCTGCTGAGNTTTGCAGCCTGATTTCCAGGGTGGGGTTGGGAAA
TCTTTCAAACACTAAAATTGTCCTTTAATTTTTTTT TAAAAAATGGGTT
ATATAATAAACCTCATAAAATAGTTATGAGGAGTGAGGTGGACTAATA
TTAATGAGTCCCTCCCCTATAAAAGAGCTATTAAGGCTTTTTGTCTTA
TACTAACTTTTTTTTTAAATGTGGTATCTTTAGAACCAAGGGTCTTAG
AGTTTTAGTATACAGAAACTGTTGCATCGCTTAATCAGATTTTCTAGT
TTCAAATCCAGAGAATCCAAATTCTTCACAGCCAAAGTCAAATTAAGA
ATTTCTGACTTTAATGTTATTTGCTACTGTGAATATAAAATGATAGCTT
TTCCTGAGGCAGGGTCTCACTATGTATCTCTGCCTGATCTGCAACAA
GATATGTAGACTAAAGTTCTGCCTGCTTTTGTCTCCTGAATACTAAG
GTTAAAATGTAGTAATACTTTTGGAACTTGCAGGTCAGATTCTTTTAT
AGGGGACACACTAAGGGAGCTTGGGTGATAGTTGGTAAATGTGTTT
AAGTGATGAAAACTTGAATTATTATCACCGCAACCTACTTTTTAAAAA
AAAAAGCCAGGCCTGTTAGAGCATGCTAAGGGATCCCTAGGACTTG
CTGAGCACACAAGAGTAGTACTTGGCAGGCTCCTGGTGAGAGCATA
TTTCAAAAAACAAGGCAGACAACCAAGAAACTACAGTAAGGTTACCT
GTCTTTAACCATCTGCATATACACAGGGATATTAAAATATTCCAAATA
ATATTTCATTCAAGTTTTCCCCCATCAAATTGGGACATGGATTTCTCC
GGTGAATAGGCAGAGTTGGAAACTAAACAAATGTTGGTTTTGTGATT
TGTGAAATTGTTTTCAAGTGATAGT TAAAGCCCATGAGATACAGAAC
AAAGCTGCTATTTCGAGGTCTCTTGGT TATACTCAGAAGCACTTCTTT
GGGTTTCCCTGCACTATCCTGATCATGTGCTAGGCCTNCCTTAGGCT
GATTGTTGTTCAAATAACTTAAGTTTCCTGTCAGGTGATGTCATATGA
TTTCATATATCAAGGCAAAACATGTTATATATGT TAAACATTTGNACTT
AATGTGAAAGTTAGGTCTTTGTGGGTTTTGATTTTAATTTCAAAACCT
GAGCTAAATAAGTCATTTTACATGTCTTACATTTGGTGAATTGTATAT
TGTGGTTTGCAGGCAAGACTCTCTGACCTAGTAACCCTCCTATAGAG
CACTTTGCTGGGTCACAAGTCTAGGAGTCAAGCATTTCACCTTGAAG
TTGAGACGTTTTGT TAGTGTATACTAGTTATATGTTGGAGGACATGTT
TATCCAGAAGATATTCAGGACTATTTTTGACTGGGCTAAGGAATTGA
TTCTGATTAGCACTGTTAGTGAGCATTGAGTGGCCTTTAGGCTTGAA
TTGGAGTCACTTGTATATCTCAAATAATGCTGGCCTTTTT TNAAAAGC
CCTTGTTCTTTATCACCCTGTTTTCTACATAATTTTTGTTCAAAGAAAT
ACTTGTTTGGATCTCCTTTTGACAACAATAGCATGTTTTCAAGCCATA
TTTTTTTTCCTTTTTTTTTTTTTTTTTGGTTTTT CGAGACAGGGTTTCTC
TGTATAGCCCTGGCTGTCCTGGAACTCACTTTGTAGACCAGGCTGG
CCTCGAACTCAGAAATCCGCCTGCCTCTGCCTCCTGAGTGCCGGGA
TTAAAGGCGTGCACCACCACGCCTGGCTAAGTTGGATATTTTGTATA
TAACTATAACCAATACTAACTCCACTGGGTGGATTTTTAATTCAGTCA
GTAGTCTTAAGTGGTCTTTATTGGCCCTTATTAAAATCTACTGTTCAC
TCTAACAGAGGCTGTTGGACTAGTGGNACTAAGCAACTTCCTACGGA
TATACTAGCAGATAAGGGTCAGGGATAGAAACTAGTCTAGCGTTTTG
TATACCTACCAGCTTATACTACCTTGTTCTGATAGAAATATTTAGGAC
ATCTAGCTTATCGATCCG
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SEQ ID NO: 33 CCGCGGCAGGCCCTCCGAGCGTGGTGGAGCCGTTCTGTGAGACAG
CCGGGTACGAGTCGTGACGCTGGAAGGGGCAAGCGGGTGGTGGG
CAGGAATGCGGTCCGCCCTGCAGCAACCGGAGGGGGAGGGAGAA
GGGAGCGGAAAAGTCTCCACCGGACGCGGCCATGGCTCGGGGEGE
GGGGGGGCAGCGGAGGANCGCTTCCGGCCGACGTCTCGTCGCTGA
TTGGCTTNTTTTCCTCCCGCCGTGTGTGAAAACACAAATGGCGTGTT
TTGGTTGGCGTAAGGCGCCTGTCAGTTAACGGCAGCCGGAGTGCG
CAGCCGCCGGCAGCCTCGCTCTGCCCACTGGGTGGGGCGGGAGG
TAGGTGGGGTGAGGCGAGCTGNACGTGCGGGCGCGGTCGGCCTCT
GGCGGGGCGGGGGAGGGGAGGGAGGGT CAGCGAAAGTAGCTCGC
GCGCGAGCGGCCGCCCACCCTCCCCTTCCTCTGGGGGAGTCGTTT
TACCCGCCGCCGGCCGGGCCTCGTCGTCTGATTGGCTCTCGGGGC
CCAGAAAACTGGCCCTTGCCATTGGCTCGTGTTCGTGCAAGTTGAG
TCCATCCGCCGGCCAGCGGGGGCGGCGAGGAGGCGCTCCCAGGT
TCCGGCCCTCCCCTCGGCCCCGCGCCGCAGAGTCTGGCCGCGCGC
CCCTGCGCAACGTGGCAGGAAGCGCGCGCTGGGGGCGGGGACGG
GCAGTAGGGCTGAGCGGCTGCGGGGCGGGTGCAAGCACGTTTCCG
ACTTGAGTTGCCTCAAGAGGGGCGTGCTGAGCCAGACCTCCATCGC
GCACTCCGGGGAGTGGAGGGAAGGAGCGAGGGCTCAGTTGGGCT
GTTTTGGAGGCAGGAAGCACTTGCTCTCCCAAAGTCGCTCTGAGTT
GTTATCAGTAAGGGAGCTGCAGTGGAGTAGGCGGGGAGAAGGCCG
CACCCTTCTCCGGAGGGGGGAGGGGAGTGTTGCAATACCTTTCTGG
GAGTTCTCTGCTGCCTCCTGGCTTCTGAGGACCGCCCTGGGCCTGG
GAGAATCCCTTGCCCCCTCTTCCCCTCGTGATCTGCAACTCCAGTCT
TTCTAGTGAATTCGGATCCTTAATTAAGGCCTCCGCGCCGGGTTTTG
GCGCCTCCCGCGGGCGCCCCCCTCCTCACGGCGAGCGCTGCCAC
GTCAGACGAAGGGCGCAGCGAGCGTCCTGATCCTTCCGCCCGGAC
GCTCAGGACAGCGGCCCGCTGCTCATAAGACTCGGCCTTAGAACCC
CAGTATCAGCAGAAGGACATTTTAGGACGGGACTTGGGTGACTCTA
GGGCACTGGTTTTCTTTCCAGAGAGCGGAACAGGCGAGGAAAAGTA
GTCCCTTCTCGGCGATTCTGCGGAGGGATCTCCGTGGGGCGGTGA
ACGCCGATGATTATATAAGGACGCGCCGGGTGTGGCACAGCTAGTT
CCGTCGCAGCCGGGATTTGGGTCGCGGTTCTTGTTTGTGGATCGCT
GTGATCGTCACTTGGT CTAGAGGATCCGGGCCGCATGGTGAGCAAG
GGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTG
GACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGC
GAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCA
CCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCC
TGACCTGGGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAA
GCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAG
GAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCG
CCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGC
TGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAA
GCTGGAGTACAACTACATCAGCCACAACGTCTATATCACCGCCGAC
AAGCAGAAGAACGGCATCAAGGCCAACTTCAAGATCCGCCACAACA
TCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACA
CCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACC
TGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCG
ATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCT
CGGCATGGACGAGCTGTACAAGGGTGGTACCGGAGGCGCCGCTGA
TACTCGCATTGGTGTAACAATCTATAAGTACGACGATAACTTTATGTC
TGTAGTGCGCAAGGCTATTGAGCAAGATGCGAAAGCCGCGCCAGAT
GTTCAGCTGCTGATGAATGATTCTCAGAATGACCAGTCCAAGCAGAA
CGATCAGATCGACGTATTGCTGGCGAAAGGGGTGAAGGCACTGGCA
ATCAACCTGGTTGACCCGGCAGCTGCGGGTACGGTGATTGAGAAAG
CGCGTGGGCAAAACGTGCCGGTGGTTTTCTTCAACAAAGAACCGTC
TCGTAAGGCGCTGGATAGCTACGACAAAGCCTACTACGTTGGCACT
GACTCCAAAGAGTCCGGCATTATTCAAGGCGATTTGATTGCTAAACA
CTGGGCGGCGAATCAGGGT TGGGATCTGAACAAAGACGGTCAGATT
CAGTTCGTACTGCTGAAAGGTGAACCGGGCCATCCGGATGCAGAAG
CACGTACCACTTACGTGATTAAAGAATTGAACGATAAAGGCATCAAA
ACTGAACAGTTACAGTTAGATACCGCAATGTGGGACACCGCTCAGG
CGAAAGATAAGATGGACGCCTGGCTGTCTGGCCCGAACGCCAACAA
AATCGAAGTGGTTATCGCCAACAACGATCGGATGGCAATGGGCGCG
GTTGAAGCGCTGAAAGCACACAACAAGTCCAGCATTCCGGTGTTTG
GCGTCGATGCGTCGCCAGAAGCGCTGGCGCTGGTGAAATCCGGTG
CACTGGCGGGCACCGTACTGAACGATGCTAACAACCAGGCGAAAGC
GACCTTTGATCTGGCGAAAAACCTGGCCGATGGTAAAGGTGCGGCT
GATGGCACCAACTGGAAAATCGACAACAAAGTGGTCCGCGTACCTT
ATGTTGGCGTAGATAAAGACAACCTGGCTGAATTCAGCAAGAAAGG
CGCCGGTACCGGTGGAATGGTGAGCAAGGGCGAGGAGCTGTTCAC
CGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTARACGG
CCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTA
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CGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCC
GTGCCCTGGCCCACCCTCGTGACCACCTTCGGCTACGGCCTGCAGT
GCTTCGCCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAA
GTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTC
AAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAG
GGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCA
AGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAA
CAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATC
AAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGC
AGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCC
CCGTGCTGCTGCCCGACAACCACTACCTGAGCTACCAGTCCGCCCT
GAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGA
GTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTA
CAAGGGAGGTGGCGGAAGCTCCGGTGAGGGCAGAGGAAGCCTTCT
AACATGCGGTGACGTGGAGGAGAATCCCGGCCCTTCCGGGATGAC
CGAGTACAAGCCCACGGTGCGCCTCGCCACCCGCGACGACGTCCC
CAGGGCCGTACGCACCCTCGCCGCCGCGTTCGCCGACTACCCCGC
CACGCGCCACACCGTCGATCCGGACCGCCACATCGAGCGGGTCAC
CGAGCTGCAAGAACTCTTCCTCACGCGCGTCGGGCTCGACATCGGC
AAGGTGTGGGTCGCGGACGACGGCGCCGCGGTGGCGGTCTGGAC
CACGCCGGAGAGCGTCGAAGCGGGGGCGGTGTTCGCCGAGATCG
GCCCGCGCATGGCCGAGTTGAGCGGTTCCCGGCTGGCCGCGCAGT
AACAGATGGAAGGCCTCCTGGCGCCGCACCGGCCCAAGGAGCCCG
CGTGGTTCCTGGCCACCGTCGGCGTCTCGCCCGACCACCAGGGCA
AGGGTCTGGGCAGCGCCGTCGTGCTCCCCGGAGTGGAGGCGGLC
GAGCGCGCCGGGGTGCCCGCCTTCCTGGAGACCTCCGCGCCCCG
CAACCTCCCCTTCTACGAGCGGCTCGGCTTCACCGTCACCGCCGAC
GTCGAGGTGCCCGAAGGACCGCGCACCTGGTGCATGACCCGCAAG
CCCGGTGCCTGAATCTAGGTCGACCTGCAGAAGCTTGCCTCGAGCA
GCGCTGCTCGAGAGATCTACGGGTGGCATCCCTGTGACCCCTCCCC
AGTGCCTCTCCTGGCCCTGGAAGTTGCCACTCCAGTGCCCACCAGC
CTTGTCCTAATAAAATTAAGTTGCATCATTTTGTCTGACTAGGTGTCC
TTCTATAATATTATGGGGTGGAGGGGGGTGGTATGGAGCAAGGGGC
AAGTTGGGAAGACAACCTGTAGGGCCTGCGGGGTCTATTGGGAACC
AAGCTGGAGTGCAGTGGCACAATCTTGGCTCACTGCAATCTCCGCC
TCCTGGGTTCAAGCGATTCTCCTGCCTCAGCCTCCCGAGTTGTTGG
GATTCCAGGCATGCATGACCAGGCTCAGCTAATTTTTGTTTTTTTGG
TAGAGACGGGGTTTCACCATATTGGCCAGGCTGGTCTCCAACTCCT
AATCTCAGGTGATCTACCCACCTTGGCCTCCCAAATTGCTGGGATTA
CAGGCGTGAACCACTGCTCCCTTCCCTGTCCTTCTGATTTTGTACCC
GGGACTAGAAGATGGGCGGGAGT CTTCTGGGCAGGCTTAAAGGCT
AACCTGGTGTGTGGGCGTTGTCCTGCAGGGGAATTGAACAGGTGTA
ARAATTGGAGGGACAAGACTTCCCACAGATTTTCGGTTTTGTCGGGAA
GTTTTTTAATAGGGGCAAATAGGAAAATGGAGGATAGGAGTCATCTG
GGGTTTATGCAGCAAAACTACAGGTATATTGCTTGTATCCGCCTCGG
AGATTTCCATGAGGAGATAAAGACATGTCACCCGAGTTTATACTCTC
CTGCTTAGATCCTACTACAGTATGAAATACAGTGTNGCGAGGTAGAC
TATGTAAGCAGATTTAATCATTTTAAAGAGCCCAGTACTTCATATCCA
TTTCTCCCGCTCCTTCTGCAGCCTTATCAAAAGGTATTTAGAACACTC
ATTTTAGCCCCATTTTCATTTATTATACTGGCTTATCCAACCCCTAGA
CAGAGCATTGGCATTTTCCCTTTCCTGATCTTAGAAGTCTGATGACT
CATGAAACCAGACAGATTAGTTACATACACCACAAATCGAGGCTGTA
GCTGGGGCCTCAACACTGCAGTTCTTTTATAACTCCTTAGTACACTT
TTTGTTGATCCTTTGCCTTGATCCTTAATTTTCAGTGTCTATCACCTC
TCCCGTCAGGTGGTGTTCCACATTTGGGCCTATTCTCAGTCCAGGG
AGTTTTACAACAATAGATGTATTGAGAATCCAACCTAAAGCTTAACTT
TCCACTCCCATGAATGCCTCTCTCCTTTTTCTCCATTATAACTGAGCT
ATNACCATTAATGGTTTCAGGTGGATGTCTCCTCCCCCAATATACCT
GATGTATCTACATATTGCCAGGCTGATATTTTAAGACATNAAAGGTAT
ATTTCATTATTGAGCCACATGGTATTGATTACTGCTACTAAAATTTTG
TCATTGTACACATCTGTAAAAGGTGGTTCCTTTTGGAATGCAAAGTTC
AGGTGTTTGTTGTCTTTCCTGACCTAAGGTCTTGTGAGCTTGTATTTT
TTCTATTTAAGCAGTGCTTTCTCTTGGACTGGCTTGACTCATGGCATT
CTACACGTTATTGCTGGTCTAAATGTGATTTTGCCAAGCTTCTTCAG
GACCTATAATTTTGCTTGACTTGTAGCCAAACACAAGTAAAATGATTA
AGCAACAAATGTATTTGTGAAGCTTGGTTTTTAGGTTGTTGTGTTGTG
TGTGCTTGTGCTCTATAATAATACTATCCAGGGGCTGGAGAGGTGG
CTCGGAGTTCAAGAGCACAGACTGCTCTTCCAGAAGTCCTGAGTTC
AATTCCCAGCAACCACATGGTGGCTCACAACCATCTGTAATGGGATC
TGATGCCCTCTTCTGGTGTGTCTGAAGACCACAAGTGTATTCACATT
AAATAAATAATCCTCCTTCTTCTTCTTTTTTTTTTTTTAAAGAGAATNC
TGTCTCCAGTAGAATTACTGAAGTAATGAAATACTTTGTGTTTGTTCC
AATATGGNAGCCAATAATCAAATACTCTTNAGCACTGGAAATGTACC
AAGGAACTATTTTATTTAAGTGNACTGTGGACAGAGGAGCCATAACT
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GCAGACTTGTGGGATACAGAAGACCAATGCAGACTTAATGTCTTTTC
TCTTACACTAAGCAATAAAGAAATAAAAATTGAACTTCTAGTATCCTA
TTTGTTAAACTGCTAGCTTTACTAACTTTTGTGCTTCATCTATACAAA
GCTGAAAGCTAAGTCTGCAGCCATTACTAAACATGAAAGCAAGTAAT
GATAATTTTGGATTTCAAAAATGTAGGGCCAGAGTTTAGCCAGCCAG
TGGTGGTGCTTGCCTTTATGCCTTAATCCCAGCACTCTGGAGGCAG
AGACAGGCAGATCTCTGAGTTTGAGCCCAGCCTGGTCTACACATCA
AGTTCTATCTAGGATAGCCAGGAATACACACAGAAACCCTGTTGGG
GAGGGGGGCTCTGAGATTTCATAAAATTATAATTGAAGCATTCCCTA
ATGAGCCACTATGGATGTGGCTAAATCCGTCTACCTTTCTGATGAGA
TTTGGGTATTATTTTTTCTGTCTCTGCTGTTGGTTGGGTCTTTTGACA
CTGTGGGCTTTCTTAAAGCCTCCTTCCCTGCCATGTGGTCTCTTGTT
TGCTACTAACTTCCCATGGCTTAAATGGCATGGCTTTTTGCCTTCTAA
GGGCAGCTGCTGAGNTTTGCAGCCTGATTTCCAGGGTGGGGTTGG
GAAATCTTTCAAACACTAAAATTGTCCTTTAATTTTTTTTTAAAAAATG
GGTTATATAATAAACCTCATAAAATAGTTATGAGGAGTGAGGTGGAC
TAATATTAATGAGTCCCTCCCCTATAAAAGAGCTATTAAGGCTTTTTG
TCTTATACTAACTTTTTTTTTAAATGTGGTATCTTTAGAACCAAGGGTC
TTAGAGTTTTAGTATACAGAAACTGTTGCATCGCTTAATCAGATTTTC
TAGTTTCAAATCCAGAGAATCCAAATTCTTCACAGCCAAAGTCAAATT
AAGAATTTCTGACTTTAATGTTATTTGCTACTGTGAATATAAAATGATA
GCTTTTCCTGAGGCAGGGTCTCACTATGTATCTCTGCCTGATCTGCA
ACAAGATATGTAGACTAAAGTTCTGCCTGCTTTTGTCTCCTGAATACT
AAGGTTAAAATGTAGTAATACTTTTGGAACTTGCAGGTCAGATTCTTT
TATAGGGGACACACTAAGGGAGCTTGGGTGATAGTTGGTAAATGTG
TTTAAGTGATGAAAACTTGAATTATTATCACCGCAACCTACTTTTTAA
AAAAAAAAGCCAGGCCTGTTAGAGCATGCTAAGGGATCCCTAGGAC
TTGCTGAGCACACAAGAGTAGTACTTGGCAGGCTCCTGGTGAGAGC
ATATTTCAAAAAACAAGGCAGACAACCAAGAAACTACAGTAAGGTTA
CCTGTCTTTAACCATCTGCATATACACAGGGATATTAAAATATTCCAA
ATAATATTTCATTCAAGTTTTCCCCCATCAAATTGGGACATGGATTTC
TCCGGTGAATAGGCAGAGTTGGAAACTAAACAAATGTTGGTTTTGTG
ATTTGTGAAATTGTTTTCAAGTGATAGTTAAAGCCCATGAGATACAGA
ACAAAGCTGCTATTTCGAGGTCTCTTGGTTATACTCAGAAGCACTTC
TTTGGGTTTCCCTGCACTATCCTGATCATGTGCTAGGCCTNCCTTAG
GCTGATTGTTGTTCAAATAACTTAAGTTTCCTGTCAGGTGATGTCATA
TGATTTCATATATCAAGGCAAAACATGTTATATATGTTAAACATTTGN
ACTTAATGTGAAAGTTAGGTCTTTGTGGGTTTTGATTTTAATTTCAAA
ACCTGAGCTAAATAAGTCATTTTACATGTCTTACATTTGGTGAATTGT
ATATTGTGGTTTGCAGGCAAGACTCTCTGACCTAGTAACCCTCCTAT
AGAGCACTTTGCTGGGTCACAAGTCTAGGAGTCAAGCATTTCACCTT
GAAGTTGAGACGTTTTGTTAGTGTATACTAGTTATATGTTGGAGGAC
ATGTTTATCCAGAAGATATTCAGGACTATTTTTGACTGGGCTAAGGA
ATTGATTCTGATTAGCACTGTTAGTGAGCATTGAGTGGCCTTTAGGC
TTGAATTGGAGTCACTTGTATATCTCAAATAATGCTGGCCTTTTTTNA
AAAGCCCTTGTTCTTTATCACCCTGTTTTCTACATAATTTTTGTTCAAA
GAAATACTTGTTTGGATCTCCTTTTGACAACAATAGCATGTTTTCAAG
CCATATTTTTTTTCCTTTTTTTTTTTTTTTTTGGTTTT TCGAGACAGGG
TTTCTCTGTATAGCCCTGGCTGTCCTGGAACTCACTTTGTAGACCAG
GCTGGCCTCGAACTCAGAAATCCGCCTGCCTCTGCCTCCTGAGTGC
CGGGATTAAAGGCGTGCACCACCACGCCTGGCTAAGTTGGATATTT
TGTATATAACTATAACCAATACTAACTCCACTGGGTGGATTTTTAATT
CAGTCAGTAGTCTTAAGTGGTCTTTATTGGCCCTTATTAAAATCTACT
GTTCACTCTAACAGAGGCTGTTGGACTAGTGGNACTAAGCAACTTCC
TACGGATATACTAGCAGATAAGGGT CAGGGATAGAAACTAGTCTAGC
GTTTTGTATACCTACCAGCTTATACTACCTTGTTCTGATAGAAATATT
TAGGACATCTAGCTTATCGATCCG

SEQ ID NO: 34 ATGTACAGGATGCAACTCCTGTCTTGCATTGCACTAAGTCTTGCACT
TGTCACGAATTCGATATCGGCCATGGTTAGATCTGGTTGTAAGCCTT
GCATATGTACAGTCCCAGAAGTATCATCTGTCTTCATCTTCCCCCCA
AAGCCCAAGGATGTGCTCACCATTACTCTGACTCCTAAGGTCACGTG
TGTTGTGGTAGACATCAGCAAGGATGATCCCGAGGTCCAGTTCAGC
TGGTTTGTAGATGATGTGGAGGTGCACACAGCTCAGACGCAACCCC
GGGAGGAGCAGTTCAACAGCACTTTCCGCTCAGTCAGTGAACTTCC
CATCATGCACCAGGACTGGCTCAATGGCAAGGAGTTCAAATGCAGG
GTCAACAGTGCAGCTTTCCCTGCCCCCATCGAGAAAACCATCTCCAA
AACCAAAGGCAGACCGAAGGCTCCACAGGTGTACACCATTCCACCT
CCCAAGGAGCAGATGGCCAAGGATAAAGTCAGTCTGACCTGCATGA
TAACAGACTTCTTCCCTGAAGACATTACTGTGGAGTGGCAGTGGAAT
GGGCAGCCAGCGGAGAACTACAAGAACACTCAGCCCATCATGGACA
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SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

35

36

37

38

39

CAGATGGCTCTTACTTCGTCTACAGCAAGCTCAATGTGCAGAAGAGC
AACTGGGAGGCAGGAAATACTTTCACCTGCTCTGTGTTACATGAGG
GCCTGCACAACCACCATACTGAGAAGAGCCTCTCCCACTCTCCTGG
TAAA

ATGCGCCGCGGCCGCCTGCTGGAGATCGCCCTGGGCTTCACCGTG

CTGCTGGCCTCCTACACCTCCCACGGCGCCGACGCCGCTGAATTCG
AGTGCCGCTGGTACCTGGGCGGCTGCAAGGAGGACTCCGAGTGCT

GCGAGCACCTGCAGTGCCACTCCTACTGGGAGTGGTGCCTGTGGG

ACGGCTCCTTCTAA

SIGNAL PEPTIDE-> VATX3 CODING

ATGCGCCGCGGCCGCCTGCTGGAGATCGCCCTGGGCTTCACCGTG

CTGCTGGCCTCCTACACCTCCCACGGCGCCGACGCCGCTGAATTCG
GATCTGACTGCGCCAAGGAGGGCGAGGTGTGCTCCTGGGGCAAGA

AGTGCTGCGACCTGGACAACTTCTACTGCCCCATGGAGTTCATCCC
CCACTGCAAGAAGTACAAGCCCTACGTGCCCGTGACCACCAACTGC
GCCAAGGAGGGCGAGGTGTGCGGCTGGGGCTCCAAGTGCTGCCAC

GGCCTGGACTGCCCCCTGGCCTTCATCCCCTACTGCGAGAAGTACC
GCTAA

SIGNAL PEPTIDE-> DKTX CODING

ATGTACAGGATGCAACTCCTGTCTTGCATTGCACTAAGTCTTGCACT
TGTCACGAATTCGGGATCTGAGTGCCGCTGGTACCTGGGCGGCTGC
AAGGAGGACTCCGAGTGCTGCGAGCACCTGCAGTGCCACTCCTACT
GGGAGTGGTGCCTGTGGGACGGCTCCTTCCGACGGAAGCGAGGG
ATATCGGCCATGGTTAGATCTGGTTGTAAGCCTTGCATATGTACAGT
CCCAGAAGTATCATCTGTCTTCATCTTCCCCCCAAAGCCCAAGGATG
TGCTCACCATTACTCTGACTCCTAAGGTCACGTGTGTTGTGGTAGAC
ATCAGCAAGGATGATCCCGAGGTCCAGTTCAGCTGGTTTGTAGATG
ATGTGGAGGTGCACACAGCTCAGACGCAACCCCGGGAGGAGCAGT
TCAACAGCACTTTCCGCTCAGTCAGTGAACTTCCCATCATGCACCAG
GACTGGCTCAATGGCAAGGAGTTCAAATGCAGGGTCAACAGTGCAG
CTTTCCCTGCCCCCATCGAGAAAACCATCTCCAAAACCAAAGGCAGA
CCGAAGGCTCCACAGGTGTACACCATTCCACCTCCCAAGGAGCAGA
TGGCCAAGGATAAAGTCAGTCTGACCTGCATGATAACAGACTTCTTC
CCTGAAGACATTACTGTGGAGTGGCAGTGGAATGGGCAGCCAGCG
GAGAACTACAAGAACACTCAGCCCATCATGGACACAGATGGCTCTTA
CTTCGTCTACAGCAAGCTCAATGTGCAGAAGAGCAACTGGGAGGCA
GGAAATACTTTCACCTGCTCTGTGTTACATGAGGGCCTGCACAACCA
CCATACTGAGAAGAGCCTCTCCCACTCTCCTGGTAAAt aa

SIGNAL PEPTIDE-> VATX3 CODING-> FURIN SITE-> IGG-FC

ATGTACAGGATGCAACTCCTGTCTTGCATTGCACTAAGTCTTGCACT
TGTCACGAATTCGGGATCTGACTGCGCCAAGGAGGGCGAGGTGTG
CTCCTGGGGCAAGAAGTGCTGCGACCTGGACAACTTCTACTGCCCC
ATGGAGTTCATCCCCCACTGCAAGAAGTACAAGCCCTACGTGCCCG
TGACCACCAACTGCGCCAAGGAGGGCGAGGTGTGCGGCTGGGGCT
CCAAGTGCTGCCACGGCCTGGACTGCCCCCTGGCCTTCATCCCCTA
CTGCGAGAAGTACCGCCGGAAGCGAGGGATATCGGCCATGGTTAG
ATCTGGTTGTAAGCCTTGCATATGTACAGTCCCAGAAGTATCATCTG
TCTTCATCTTCCCCCCAAAGCCCAAGGATGTGCTCACCATTACTCTG
ACTCCTAAGGTCACGTGTGTTGTGGTAGACATCAGCAAGGATGATC
CCGAGGTCCAGTTCAGCTGGTTTGTAGATGATGTGGAGGTGCACAC
AGCTCAGACGCAACCCCGGGAGGAGCAGTTCAACAGCACTTTCCGC
TCAGTCAGTGAACTTCCCATCATGCACCAGGACTGGCTCAATGGCA
AGGAGTTCAAATGCAGGGTCAACAGTGCAGCTTTCCCTGCCCCCAT
CGAGAAAACCATCTCCAAAACCAAAGGCAGACCGAAGGCTCCACAG
GTGTACACCATTCCACCTCCCAAGGAGCAGATGGCCAAGGATAAAG
TCAGTCTGACCTGCATGATAACAGACTTCTTCCCTGAAGACATTACT
GTGGAGTGGCAGTGGAATGGGCAGCCAGCGGAGAACTACAAGAAC
ACTCAGCCCATCATGGACACAGATGGCTCTTACTTCGTCTACAGCAA
GCTCAATGTGCAGAAGAGCAACTGGGAGGCAGGAAATACTTTCACC
TGCTCTGTGTTACATGAGGGCCTGCACAACCACCATACTGAGAAGA
GCCTCTCCCACTCTCCTGGTAAATAA

SIGNAL PEPTIDE-> DKTX CODING-> FURIN SITE-> IGG-FC

GACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAACTCCTGG
GGGGACCGTCAGTCTTCCTCTTCCCCCCAAAACCCAAGGACACCCT
CATGATCTCCCGGACCCCTGAGGTCACATGCGTGGTGGTGGACGTG
AGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGCG
TGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTACA

ACAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGA
CTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCC
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CTCCCAGCCCCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGC
CCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGAGGAGA
TGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTA
TCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGA
GAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCC
TTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGC
AGGGGAACGTCTTCTCATGCTCCGTGATGCACGAGGCTCTGCACAA
CCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAA

TGCTTTCTCTGACCAGCATTCTCTCCCCTGGGCCTGTGCCGCTTTCT
GTCTGCAGCTTGTGGCCTGGGTCACCTCTACGGCTGGCCCAGATCC
TTCCCTGCCGCCTCCTTCAGGTTCCGTCTTCCTCCACTCCCTCTTCC
CCTTGCTCTCTGCTGTGTTGCTGCCCAAGGATGCTCTTTCCGGAGC
ACTTCCTTCTCGGCGCTGCACCACGTGATGTCCTCTGAGCGGATCC
TCCCCGTGTCTGGGTCCTCTCCGGGCATCTCTCCTCCCTCACCCAA
CCCCATGCCGTCTTCACTCGCTGGGTTCCCTTTTCCTTCTCCTTCTG
GGGCCTGTGCCATCTCTCGTTTCTTAGGATGGCCTTCTCCGACGGA
TGTCTCCCTTGCGTCCCGCCTCCCCTTCTTGTAGGCCTGCATCATCA
CCGTTTTTCTGGACAACCCCAAAGTACCCCGTCTCCCTGGCTTTAGC
CACCTCTCCATCCTCTTGCTTTCTTTGCCTGGACACCCCGTTCTCCT
GTGGATTCGGGTCACCTCTCACTCCTTTCATTTGGGCAGCTCCCCTA
CCCCCCTTACCTCTCTAGTCTGTGCTAGCTCTTCCAGCCCCCTGTCA
TGGCATCTTCCAGGGGTCCGAGAGCTCAGCTAGTCTTCTTCCTCCA
ACCCGGGCCCCTATGTCCACTTCAGGACAGCATGTTTGCTGCCTCC
AGGGATCCTGTGTCCCCGAGCTGGGACCACCTTATATTCCCAGGGC
CGGTTAATGTGGCTCTGGTTCTGGGTACTTTTATCTGTCCCCTCCAC
CCCACAGTGGGGCAAGCTTCTCGAGTTGGGGTTGCGCCTTTTCCAA
GGCAGCCCTGGGTTTGCGCAGGGACGCGGCTGCTCTGGGCGTGGET
TCCGGGAAACGCAGCGGCGCCGACCCTGGGTCTCGCACATTCTTCA
CGTCCGTTCGCAGCGTCACCCGGATCTTCGCCGCTACCCTTGTGGG
CCCCCCGGCGACGCTTCCTGCTCCGCCCCTAAGTCGGGAAGGTTC
CTTGCGGTTCGCGGCGTGCCGGACGTGACAAACGGAAGCCGCACG
TCTCACTAGTACCCTCGCAGACGGACAGCGCCAGGGAGCAATGGCA
GCGCGCCGACCGCGATGGGCTGTGGCCAATAGCGGCTGCTCAGCA
GGGCGCGCCGAGAGCAGCGGCCGGGAAGGGGCGGTGCGGGAGE
CGGGGTGTGGGGCGGTAGTGTGGGCCCTGTTCCTGCCCGCGCGGT
GTTCCGCATTCTGCAAGCCTCCGGAGCGCACGTCGGCAGTCGGCT
CCCTCGTTGACCGAATCACCGACCTCTCTCCCCAGGGTCTAGACGC
CACCATGGTGTCCAAGGGCGAGGAGGTGAT CAAGGAGTTCATGCG
CTTCAAGGTGCGCATGGAGGGCTCCATGAACGGCCACGAGTTCGA
GATCGAGGGCGAGGGCGAGGGCCGCCCCTACGAGGGCACCCAGA
CCGCCAAGCTGAAGGTGACCAAGGGCGGCCCCCTGCCCTTCGCCT
GGGACATCCTGTCCCCCCAGTTCATGTACGGCTCCAAGGCCTACGT
GAAGCACCCCGCCGACATCCCCGACTACAAGAAGCTGTCCTTCCCC
GAGGGCTTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGC
CTGGTGACCGTGACCCAGGACTCCTCCCTGCAGGACGGCACCCTG
ATCTACAAGGTGAAGATGCGCGGCACCAACTTCCCCCCCGACGGCC
CCGTGATGCAGAAGAAGACCATGGGCTGGGAGGCCTCCACCGAGC
GCCTGTACCCCCGCGACGGCGTGCTGAAGGGCGAGATCCACCAGG
CCCTGAAGCTGAAGGACGGCGGCCACTACCTGGTGGAGTTCAAGA
CCATCTACATGGCCAAGAAGCCCGTGCAGCTGCCCGGCTACTACTA
CGTGGACACCAAGCTGGACATCACCTCCCACAACGAGGACTACACC
ATCGTGGAGCAGTACGAGCGCTCCGAGGGCCGCCACCACCTGTTC
CTGGGATCCGAGGGCAGAGGAAGCCTTCTAACATGCGGTGACGTG
GAGGAGAATCCCGGCCCTTCCGGGATGACCGAGTACAAGCCCACG
GTGCGCCTCGCCACCCGCGACGACGTCCCCAGGGCCGTACGCACC
CTCGCCGCCGCGTTCGCCGACTACCCCGCCACGCGCCACACCGTC
GATCCGGACCGCCACATCGAGCGGGTCACCGAGCTGCAAGAACTC
TTCCTCACGCGCGTCGGGCTCGACATCGGCAAGGTGTGGGTCGCG
GACGACGGCGCCGCGGTGGCGGTCTGGACCACGCCGGAGAGCGT
CGAAGCGGGGGCGGTGTTCGCCGAGATCGGCCCGCGCATGGCCG
AGTTGAGCGGTTCCCGGCTGGCCGCGCAGCAACAGATGGAAGGCC
TCCTGGCGCCGCACCGGCCCAAGGAGCCCGCGTGGTTCCTGGCCA
CCGTCGGCGTCTCGCCCGACCACCAGGGCAAGGGTCTGGGCAGCG
CCGTCGTGCTCCCCGGAGTGGAGGCGGCCGAGCGCGCCGGGGETG
CCCGCCTTCCTGGAGACCTCCGCGCCCCGCAACCTCCCCTTCTACG
AGCGGCTCGGCTTCACCGTCACCGCCGACGTCGAGGTGCCCGAAG
GACCGCGCACCTGGTGCATGACCCGCAAGCCCGGTGCCTGAATCT
AGGTCGACATTCTACTTGGTACCCTGTGCCTTCTAGTTGCCAGCCAT
CTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGC
CACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATT
GTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGG
ACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGG
ATGCGGTGGGCTCTATGGAAGCTTTACTAGGGACAGGATTGGTGAC
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AGAAAAGCCCCATCCTTAGGCCTCCTCCTTCCTAGTCTCCTGATATT
GGGTCTAACCCCCACCTCCTGTTAGGCAGATTCCTTATCTGGTGACA
CACCCCCATTTCCTGGAGCCATCTCTCTCCTTGCCAGAACCTCTAAG
GTTTGCTTACGATGGAGCCAGAGAGGATCCTGGGAGGGAGAGCTTG
GCAGGGGGTGGGAGGGAAGGGGGGGATGCGTGACCTGCCCGGTT
CTCAGTGGCCACCCTGCGCTACCCTCTCCCAGAACCTGAGCTGCTC
TGACGCGGCTGTCTGGTGCGTTTCACTGATCCTGGTGCTGCAGCTT
CCTTACACTTCCCAAGAGGAGAAGCAGTTTGGAAAAACAAAATCAGA
ATAAGTTGGTCCTGAGTTCTAACTTTGGCTCTTCACCTTTCTAGTCCC
CAATTTATATTGTTCCTCCGTGCGTCAGTTTTACCTGTGAGATAAGG
CCAGTAGCCAGCCCCGTCCTGGCAGGGCTGTGGTGAGGAGGGGG
GTGTCCGTGTGGAAAACTCCCTTTGTGAGAATGGTGCGTCCTAGGT
GTTCACCAGGTCGTGGCCGCCTCTACTCCCTTTCTCTTTCTCCATCC
TTCTTTCCTTAAAGAGTCCCCAGTGCTATCTGGGACATATTCCTCCG
CCCAGAGCAGGGTCCCGCTTCCCTAAGGCCCTGCTCTGGGCTTCTG
GGTTTGAGTCCTTGGCAAGCCCAGGAGAGGCGCTCAGGCTTCCCTG
TCCCCCTTCCTCGTCCACCATCTCATGCCCCTGGCTCTCCTGCCCCT
TCCCTACAGGGGTTCCTGGCTCTGCTCT

SEQ ID NO: 41 MHSKVTIICIRFLFWFLLLCMLIGKSHTEDDIIIATKNGKVRGMNLTVFGG
TVTAFLGIPYAQPPLGRLRFKKPQSLTKWSDIWNATKYANSCCQONIDQS
FPGFHGSEMWNPNTDLSEDCLYLNVWIPAPKPKNATVLIWIYGGGFQT
GTSSLHVYDGKFLARVERVIVVSMNYRVGALGFLALPGNPEAPGNMGL
FDQOLALQWVQKNIAAFGGNPKSVTLFGES SGAASVSLHLLSPGSHSL
FTRAILQSGSANAPWAVTSLYEARNRTLNLAKLTGCSRENETEIIKCLRN
KDPQEILLNEAFVVPYGTALGVNFGPTVDGDFLTDMPDILLELGQFKKT
QILVGVNKDEGTWFLVGGAPGFSKDNNSIITRKEFQEGLKIFFPGVSEF
GKESILFHYTDWVDDQRPENYREALGDVVGDYNFICPALEFTKKFSEW
GNNAFFYYFEHRSSKLPWPEWMGVMHGYEIEFVFGLPLERRDNYTKA
EEILSRSIVKRWANFAKYGNPNETQNNSTSWPVFKSTEQKYLTLNTEST
RIMTKLRAQQCRFWTSFFPKVLEMTGNIDEAEWEWKAGFHRWNNYM
MDWKNQFNDYTSKKESCVGL

SEQ ID NO: 42 ATGCACAGCAAGGTGACCATCATCTGCATCAGGTTCCTGTTCTGGTT
CCTGCTGCTGTGCATGCTGATCGGCAAGAGCCACACCGAGGACGA
CATCATCATCGCCACCAAGAACGGCAAGGTGAGGGGCATGAACCTG
ACCGTGTTCGGCGGCACCGTGACCGCCTTCCTGGGCATCCCCTAC
GCCCAGCCCCCCCTGGGCAGGCTGAGGTTCAAGAAGCCCCAGAGC
CTGACCAAGTGGAGCGACATCTGGAACGCCACCAAGTACGCCAACA
GCTGCTGCCAGAACATCGACCAGAGCTTCCCCGGCTTCCACGGCAG
CGAGATGTGGAACCCCAACACCGACCTGAGCGAGGACTGCCTGTAC
CTGAACGTGTGGATCCCCGCCCCCAAGCCCAAGAACGCCACCGTG
CTGATCTGGATCTACGGCGGCGGCTTCCAGACCGGCACCAGCAGC
CTGCACGTGTACGACGGCAAGTTCCTGGCCAGGGTGGAGAGGGTG
ATCGTGGTGAGCATGAACTACAGGGTGGGCGCCCTGGGCTTCCTG
GCCCTGCCCGGCAACCCCGAGGCCCCCGGCAACATGGGCCTGTTC
GACCAGCAGCTGGCCCTGCAGTGGGTGCAGAAGAACATCGCCGCC
TTCGGCGGCAACCCCAAGAGCGTGACCCTGTTCGGCGAGAGCAGC
GGCGCCGCCAGCGTGAGCCTGCACCTGCTGAGCCCCGGCAGCCAC
AGCCTGTTCACCAGGGCCATCCTGCAGAGCGGCAGCGCCAACGCC
CCCTGGGCCGTGACCAGCCTGTACGAGGCCAGGAACAGGACCCTG
AACCTGGCCAAGCTGACCGGCTGCAGCAGGGAGAACGAGACCGAG
ATCATCAAGTGCCTGAGGAACAAGGACCCCCAGGAGATCCTGCTGA
ACGAGGCCTTCGTGGTGCCCTACGGCACCGCCCTGGGCGTGAACT
TCGGCCCCACCGTGGACGGCGACTTCCTGACCGACATGCCCGACA
TCCTGCTGGAGCTGGGCCAGTTCAAGAAGACCCAGATCCTGGTGGG
CGTGAACAAGGACGAGGGCACCTGGTTCCTGGTGGGCGGCGCCCC
CGGCTTCAGCAAGGACAACAACAGCATCATCACCAGGAAGGAGTTC
CAGGAGGGCCTGAAGATCTTCTTCCCCGGCGTGAGCGAGTTCGGC
AAGGAGAGCATCCTGTTCCACTACACCGACTGGGTGGACGACCAGA
GGCCCGAGAACTACAGGGAGGCCCTGGGCGACGTGGTGGGCGACT
ACAACTTCATCTGCCCCGCCCTGGAGTTCACCAAGAAGTTCAGCGA
GTGGGGCAACAACGCCTTCTTCTACTACTTCGAGCACAGGAGCAGC
AAGCTGCCCTGGCCCGAGTGGATGGGCGTGATGCACGGCTACGAG
ATCGAGTTCGTGTTCGGCCTGCCCCTGGAGAGGAGGGACAACTACA
CCAAGGCCGAGGAGATCCTGAGCAGGAGCATCGTGAAGAGGTGGG
CCAACTTCGCCAAGTACGGCAACCCCAACGAGACCCAGAACAACAG
CACCAGCTGGCCCGTGTTCAAGAGCACCGAGCAGAAGTACCTGACC
CTGAACACCGAGAGCACCAGGATCATGACCAAGCTGAGGGCCCAG
CAGTGCAGGTTCTGGACCAGCTTCTTCCCCAAGGTGCTGGAGATGA
CCGGCAACATCGACGAGGCCGAGTGGGAGTGGAAGGCCGGCTTCC
ACAGGTGGAACAACTACATGATGGACTGGAAGAACCAGTTCAACGA
CTACACCAGCAAGAAGGAGAGCTGCGTGGGCCTG
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43

44

45

46

MOTQHTKVTQTHFLLWILLLCMPFGKSHTEEDFIITTKTGRVRGLSMPVL
GGTVTAFLGIPYAQPPLGSLRFKKPQPLNKWPDIHNATQYANSCYQNID
QAFPGFQGSEMWNPNTNLSEDCLYLNVWIPVPKPKNATVMVWIYGGG
FQTGTSSLPVYDGKFLARVERVIVVSMNYRVGALGFLAFPGNPDAPGN
MGLFDQQLALQWVQRNIAAFGGNPKSITIFGESSGAASVSLHLLCPQSY
PLFTRAILESGSANAPWAVKHPEEARNRTLTLAKFTGCSKENEMEMIKC
LRSKDPQEILRNERFVLPSDSALGINFGPTVDGDFLTDMPHTLLQLGKV
KKAQILVGVNKDEGTWFLVGGAPGF SKDNDSLITRKEFQEGLNMYFPG
VSRLGKEAVLFYYVDWLGEQSPEVYRDALDDVIGDYNIICPALEFTKKFA
ELENNAFFYFFEHRSSKLPWPEWMGVMHGYEIEFVFGLPLGRRVNYTR
AEEIFSRSIMKTWANFAKYGHPNGTQGNSTMWPVFTSTEQKYLTLNTE
KSKIYSKLRAPQCQFWRLFFPKVLEMTGDIDETEQEWKAGFHRWSNY
MMDWONQFNDYTSKKESCTAL

ATGCAGACCCAGCACACCAAGGTGACCCAGACCCACTTCCTGCTGT
GGATCCTGCTGCTGTGCATGCCCTTCGGCAAGAGCCACACCGAGGA
GGACTTCATCATCACCACCAAGACCGGCAGGGTGAGGGGCCTGAG
CATGCCCGTGCTGGGCGGCACCGTGACCGCCTTCCTGGGCATCCC
CTACGCCCAGCCCCCCCTGGGCAGCCTGAGGTTCAAGAAGCCCCA
GCCCCTGAACAAGTGGCCCGACATCCACAACGCCACCCAGTACGCC
AACAGCTGCTACCAGAACATCGACCAGGCCTTCCCCGGCTTCCAGG
GCAGCGAGATGTGGAACCCCAACACCAACCTGAGCGAGGACTGCC
TGTACCTGAACGTGTGGATCCCCGTGCCCAAGCCCAAGAACGCCAC
CGTGATGGTGTGGATCTACGGCGGCGGCTTCCAGACCGGCACCAG
CAGCCTGCCCGTGTACGACGGCAAGTTCCTGGCCAGGGTGGAGAG
GGTGATCGTGGTGAGCATGAACTACAGGGTGGGCGCCCTGGGCTT
CCTGGCCTTCCCCGGCAACCCCGACGCCCCCGGCAACATGGGCCT
GTTCGACCAGCAGCTGGCCCTGCAGTGGGTGCAGAGGAACATCGC
CGCCTTCGGCGGCAACCCCAAGAGCATCACCATCTTCGGCGAGAG
CAGCGGCGCCGCCAGCGTGAGCCTGCACCTGCTGTGCCCCCAGAG
CTACCCCCTGTTCACCAGGGCCATCCTGGAGAGCGGCAGCGCCAA
CGCCCCCTGGGCCGTGAAGCACCCCGAGGAGGCCAGGAACAGGAC
CCTGACCCTGGCCAAGTTCACCGGCTGCAGCAAGGAGAACGAGAT
GGAGATGATCAAGTGCCTGAGGAGCAAGGACCCCCAGGAGATCCT
GAGGAACGAGAGGTTCGTGCTGCCCAGCGACAGCGCCCTGGGCAT
CAACTTCGGCCCCACCGTGGACGGCGACTTCCTGACCGACATGCCC
CACACCCTGCTGCAGCTGGGCAAGGTGAAGAAGGCCCAGATCCTG
GTGGGCGTGAACAAGGACGAGGGCACCTGGTTCCTGGTGGGCGGEC
GCCCCCGGCTTCAGCAAGGACAACGACAGCCTGATCACCAGGAAG
GAGTTCCAGGAGGGCCTGAACATGTACTTCCCCGGCGTGAGCAGG
CTGGGCAAGGAGGCCGTGCTGTTCTACTACGTGGACTGGCTGGGC
GAGCAGAGCCCCGAGGTGTACAGGGACGCCCTGGACGACGTGATC
GGCGACTACAACATCATCTGCCCCGCCCTGGAGTTCACCAAGAAGT
TCGCCGAGCTGGAGAACAACGCCTTCTTCTACTTCTTCGAGCACAG
GAGCAGCAAGCTGCCCTGGCCCGAGTGGATGGGCGTGATGCACGG
CTACGAGATCGAGTTCGTGTTCGGCCTGCCCCTGGGCAGGAGGGT
GAACTACACCAGGGCCGAGGAGATCTTCAGCAGGAGCATCATGAAG
ACCTGGGCCAACTTCGCCAAGTACGGCCACCCCAACGGCACCCAG
GGCAACAGCACCATGTGGCCCGTGTTCACCAGCACCGAGCAGAAGT
ACCTGACCCTGAACACCGAGAAGAGCAAGATCTACAGCAAGCTGAG
GGCCCCCCAGTGCCAGTTCTGGAGGCTGTTCTTCCCCAAGGTGCTG
GAGATGACCGGCGACATCGACGAGACCGAGCAGGAGTGGAAGGCC
GGCTTCCACAGGTGGAGCAACTACATGATGGACTGGCAGAACCAGT
TCAACGACTACACCAGCAAGAAGGAGAGCTGCACCGCCCTG

MYRMQLLSCIALSLALVTNSHGEGTFTSDVSSYLEGQAAKEFIAWLVKG
RGRSGCKPCICTVPEVSSVFIFPPKPKDVLTITLTPKVTCVVVDISKDDPE
VQFSWFVDDVEVHTAQTQPREEQFNSTFRSVSELPIMHQDWLNGKEF
KCRVNSAAFPAPIEKTISKTKGRPKAPQVYTIPPPKEQMAKDKVSLTCMI
TDFFPEDITVEWQWNGQPAENYKNTQPIMDTDGSYFVYSKLNVQKSN
WEAGNTFTCSVLHEGLHNHHTEKSLSHSPGK

ATGTACAGGATGCAGCTGCTGAGCTGCATCGCCCTGAGCCTGGCCC
TGGTGACCAACAGCCACGGCGAGGGCACCTTCACCAGCGACGTGA
GCAGCTACCTGGAGGGCCAGGCCGCCAAGGAGTTCATCGCCTGGC
TGGTGAAGGGCAGGGGCAGGAGCGGCTGCAAGCCCTGCATCTGCA
CCGTGCCCGAGGTGAGCAGCGTGTTCATCTTCCCCCCCAAGCCCAA
GGACGTGCTGACCATCACCCTGACCCCCAAGGTGACCTGCGTGGT
GGTGGACATCAGCAAGGACGACCCCGAGGTGCAGTTCAGCTGGTT
CGTGGACGACGTGGAGGTGCACACCGCCCAGACCCAGCCCAGGGA
GGAGCAGTTCAACAGCACCTTCAGGAGCGTGAGCGAGCTGCCCATC
ATGCACCAGGACTGGCTGAACGGCAAGGAGTTCAAGTGCAGGGTG
AACAGCGCCGCCTTCCCCGCCCCCATCGAGAAGACCATCAGCAAGA
CCAAGGGCAGGCCCAAGGCCCCCCAGGTGTACACCATCCCCCCCC
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47

48

49

50

51

52

CCAAGGAGCAGATGGCCAAGGACAAGGTGAGCCTGACCTGCATGAT
CACCGACTTCTTCCCCGAGGACATCACCGTGGAGTGGCAGTGGAAC
GGCCAGCCCGCCGAGAACTACAAGAACACCCAGCCCATCATGGACA
CCGACGGCAGCTACTTCGTGTACAGCAAGCTGAACGTGCAGAAGAG
CAACTGGGAGGCCGGCAACACCTTCACCTGCAGCGTGCTGCACGA
GGGCCTGCACAACCACCACACCGAGAAGAGCCTGAGCCACAGCCC
CGGCAAG

GCT CTA GAG CCA CCA TGC AGA CTC AGC ATA CCA AGG

CGG GAT CCA CCG GTT TAG AGA GCT GTA CAA GAT TCT TTC TTG

CCC AAG CTT GCC ACC ATG CAT AGC AAA GTC ACA ATC

ACG CGT CGA CTT AGA GAC CCA CAC AAC TTT CTT TCT TG

ATGAAGACGCTGTCACAGGCCCAGTCCAAGACCTCCTCCCAGCAGT
TCTCCTTCACCGGCAACTCCTCCGCCAACGTGATCATCGGCAACCA
GAAGCTGACCATCAACGACGTGGCCCGCGTGGCCCGCAACGGCAC
CCTGGTGTCCCTGACCAACAACACCGACATCCTGCAGGGCATCCAG
GCCTCCTGCGACTACATCAACAACGCCGTGGAGTCCGGCGAGCCC
ATCTACGGCGTGACCTCCGGCTTCGGCGGCATGGCCAACGTGGCC
ATCTCCCGCGAGCAGGCCTCCGAGCTGCAGACCAACCTGGTGTGG
TTCCTGAAGACCGGCGCCGGCAACAAGCTGCCCCTGGCCGACGTG
CGCGCCGCCATGCTGCTGCGCGCCAACTCCCACATGCGCGGCGCC
TCCGGCATCCGCCTCcGAGCTGATCAAGCGCATGGAGATCTTCCTGA
ACGCCGGCGTGACCCCCTACGTGTACGAGTTCGGCTCCATCGGCG
CCTCCGGCGACCTGGTGCCCCTGTCCTACATCACCGGCTCCCTGAT
CGGCCTGGACCCCTCCTTCAAGGTGGACTTCAACGGCAAGGAGATG
GACGCCCCCACCGCCCTGCGCCAGCTGAACCTGTCCCCCCTGACC
CTGCTGCCCAAGGAGGGCCTGGCCATGATGAACGGCACCTCCGTG
ATGACCGGCATCGCCGCCAACTGCGTGTACGACACCCAGATCCTGA
CCGCCATCGCCATGGGTGTACACGCTCTGGACATCCAGGCCCTGAA
CGGCACCAACCAGTCCTTCCACCCCTTCATCCACAACTCCAAGCCC
CACCCCGGCCAGCTGTGGGCCGCCGACCAGATGATCTCCCTCCTC
GCCAACTCCCAGCTGGTGCGCGACGAGCTGGACGGCAAGCACGAC
TACCGCGACCACGAGCTGATCCAGGACCGCTACTCCCTGCGCTGCC
TGCCCCAGTACCTGGGCCCCATCGTGGACGGCATCTCCCAGATCGC
CAAGCAGATCGAGATCGAGATCAACTCCGTGACCGACAACCCCCTG
ATCGACGTGGACAACCAGGCCTCCTACCACGGCGGCAACTTCCTGG
GCCAGTACGTGGGCATGGGCATGGACCACCTGCGCTACTACATCG
GCCTGCTGGCCAAGCACCTGGACGTGCAGATCGCCCTGCTGGCCT
CCCCCGAGTTCTCCAACGGCCTGCCCCCCTCCCTGCTGGGCAACC
GCGAGCGCAAGGTGAACATGGGCCTGAAGGGCCTGCAGATCTGCG
GTAACTCGATAATGCCCCTGCTGACCTTCTACGGCAACTCCATCGCC
GACCGCTTCCCCACCCACGCCGAGCAGTTCAACCAGAACATCAACT
CCCAGGGCTACACCTCCGCCACCCTGGCCCGCCGCTCCGTGGACA
TCTTCCAGAACTACGTGGCCATCGCCCTGATGTTCGGCGTTCAAGC
TGTAGACCTGCGCACCTACAAGAAGACCGGCCACTACGACGCCCGC
GCCTCCCTGTCCCCCGCCACCGAGCGCCTGTACTCCGCCGTGCGC
CACGTGGTGGGCCAGAAGCCCACCTCCGACCGCCCCTACATCTGG
AACGACAACGAGCAGGGCCTGGACGAGCACATCGCCCGCATCTCC
GCCGACATCGCAGCAGGTGGCGTGATCGTGCAGGCCGTGCAGGAC
ATCCTGCCCTCCCTGCAC

ATGGCTTCGTACCCCGGCCATCAGCACGCGTCTGCGTTCGACCAGG
CTGCGCGTTCTCGCGGCCATAGCAACCGACGTACGGCGTTGCGCC
CTCGCCGGCAGCAAGAAGCCACGGAAGTCCGCCCGGAGCAGAAAL
TGCCCACGCTACTGCGGGTTTATATAGACGGTCCCCACGGGATGGG
GAAAACCACCACCACGCAACTGCTGGTGGCCCTGGGTTCGCGCGA
CGATATCGTCTACGTACCCGAGCCGATGACTTACTGGCGGGTGCTG
GGGGCTTCCGAGACAATCGCGAACATCTACACCACACAACACCGCC
TTGACCAGGGTGAGATATCGGCCGGGGACGCGGCGGTGGTAATGA
CAAGCGCCCAGATAACAATGGGCATGCCTTATGCCGTGACCGACGC
CGTTCTGGCTCCTCATATCGGGGGGGAGGCTGGGAGCTCACATGC
CCCGCCCCCGGCCCTCACCCTCATCTTCGACCGCCATCCCATCGCC
GCCCTCCTGTGCTACCCGGCCGCGCGATACCTTATGGGCAGCATGA
CCCCCCAGGCCGTGCTGGCGTTCGTGGCCCTCATCCCGCCGACCT
TGCCCGGCACAAACATCGTGTTGGGGGCCCTTCCGGAGGACAGAC
ACATCGACCGCCTGGCCAAACGCCAGCGCCCCGGCGAGCGGCTTG
ACCTGGCTATGCTGGCCGCGATTCGCCGCGTTTACGGGCTGCTTGC
CAATACGGTGCGGTATCTGCAGGGCGGCGGGTCGTGGCGGGAGGA
TTGGGGACAGCTTTCGGGGACGGCCGTGCCGCCCCAGGGTGCCGA
GCCCCAGAGCAACGCGGGCCCACGACCCCATATCGGGGACACGTT
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ATTTACCCTGTTTCGGGCCCCCGAGTTGCTGGCCCCCAACGGCGAC
CTGTACAACGTGTTTGCCTGGGCCTTGGACGTCTTGGCCAAACGCC
TCCGTCCCATGCACGTCTTTATCCTGGATTACGACCAATCGCCCGCC
GGCTGCCGGGACGCCCTGCTGCAACTTACCTCCGGGATGATCCAG
ACCCACGTCACCACCCCAGGCTCCATACCGACGATCTGCGACCTGG
CGCGCACGTTTGCCCGGGAGATGGGGGAGGCTAAC

SEQ ID NO: 53 ATGGTGACCGGCGGCATGGCCTCCAAGTGGGACCAGAAGGGCATG
GACATCGCCTACGAGGAGGCCGCCCTGGGCTACAAGGAGGGCGGT
GTGCCCATCGGCGGCTGCCTGATCAACAACAAGGACGGCTCCGTG
CTGGGCCGCGGCCACAACATGCGCTTCCAGAAGGGCTCCGCCACC
CTGCACGGCGAGATCTCCACCCTGGAGAACTGCGGCCGCCTGGAG
GGCAAGGTGTACAAGGACACCACCCTGTACACCACCCTGTCCCCCT
GCGACATGTGCACCGGCGCCATCATCATGTACGGCATCCCCCGCTG
CGTGGTGGGCGAGAACGTGAACTTCAAGTCCAAGGGCGAGAAGTA
CCTGCAGACCCGCGGCCACGAGGTGGTGGTGGTGGACGACGAGC
GCTGCAAGAAGATCATGAAGCAGTTCATCGACGAGCGCCCCCAGGA
CTGGTTCGAGGACATCGGCGAG

SEQ ID NO: 54 ATGTCCACTGCGGTCCTGGAAAACCCAGGCTTGGGCAGGAAACTCT
CTGACTTTGGACAGGAAACAAGCTATATTGAAGACAACTGCAATCAA
AATGGTGCCATATCACTGATCTTCTCACTCAAAGAAGAAGTTGGTGC
ATTGGCCAAAGTATTGCGCTTATTTGAGGAGAATGATGTAAACCTGA
CCCACATTGAATCTAGACCTTCTCGTTTAAAGAAAGATGAGTATGAAT
TTTTCACCCATTTGGATAAACGTAGCCTGCCTGCTCTGACAAACATC
ATCAAGATCTTGAGGCATGACATTGGTGCCACTGTCCATGAGCTTTC
ACGAGATAAGAAGAAAGACACAGTGCCCTGGTTCCCAAGAACCATT
CAAGAGCTGGACAGATTTGCCAATCAGATTCTCAGCTATGGAGCGG
AACTGGATGCTGACCACCCTGGTTTTAAAGATCCTGTGTACCGTGCA
AGACGGAAGCAGTTTGCTGACATTGCCTACAACTACCGCCATGGGC
AGCCCATCCCTCGAGTGGAATACATGGAGGAAGAAAAGAAAACATG
GGGCACAGTGTTCAAGACTCTGAAGTCCTTGTATAAAACCCATGCTT
GCTATGAGTACAATCACATTTTTCCACTTCTTGAAAAGTACTGTGGCT
TCCATGAAGATAACATTCCCCAGCTGGAAGACGTTTCTCAATTCCTG
CAGACTTGCACTGGTTTCCGCCTCCGACCTGTGGCTGGCCTGCTTT
CCTCTCGGGATTTCTTGGGTGGCCTGGCCTTCCGAGTCTTCCACTG
CACACAGTACATCAGACATGGATCCAAGCCCATGTATACCCCCGAA
CCTGACATCTGCCATGAGCTGTTGGGACATGTGCCCTTGTTTTCAGA
TCGCAGCTTTGCCCAGTTTTCCCAGGAAATTGGCCTTGCCTCTCTGG
GTGCACCTGATGAATACATTGAAAAGCTCGCCACAATTTACTGGTTT
ACTGTGGAGTTTGGGCTCTGCAAACAAGGAGACT CCATAAAGGCAT
ATGGTGCTGGGCTCCTGTCATCCTTTGGTGAATTACAGTACTGCTTA
TCAGAGAAGCCAAAGCTTCTCCCCCTGGAGCTGGAGAAGACAGCCA
TCCAAAATTACACTGTCACGGAGTTCCAGCCCCTGTATTACGTGGCA
GAGAGTTTTAATGATGCCAAGGAGAAAGTAAGGAACTTTGCTGCCAC
AATACCTCGGCCCTTCTCAGTTCGCTACGACCCATACACCCAAAGGA
TTGAGGTCTTGGACAATACCCAGCAGCTTAAGATTTTGGCTGATTCC
ATTAACAGTGAAATTGGAATCCTTTGCAGTGCCCTCCAGAAAATAAR
G

SEQ ID NO: 55 ATGGAGAAGCCGCGGGGAGTCAGGTGCACCAATGGGTTCTCCGAG
CGTGAACTACCTCGTCCTGGAGCAAGCCCACCTGCAGAGAAGTCCC
GACCTCCTGAAGCAAAGGGCGCACAGCCGGCCGACGCCTGGAAGG
CAGGGCGGCACCGCAGCGAGGAGGAAAACCAGGTGAACCTCCCCA
AACTGGCGGCCGCTTACTCGTCCATTCTGCTCTCGCTGGGCGAGGA
CCCCCAGCGGCAGGGGCTGCTCAAGACGCCCTGGAGGGCGGCCA
CCGCCATGCAGTACTTCACCAAGGGATACCAGGAGACCATCTCAGA
TGTCCTGAATGATGCTATATTTGATGAAGATCATGACGAGATGGTGA
TTGTGAAGGACATAGATATGTTCTCCATGTGTGAGCATCACCTTGTT
CCATTTGTAGGAAGGGTCCATATTGGCTATCTTCCTAACAAGCAAGT
CCTTGGTCTCAGTAAACTTGCCAGGATTGTAGAAATCTACAGTAGAC
GACTACAAGTTCAAGAGCGCCTCACCAAACAGATTGCGGTGGCCAT
CACAGAAGCCTTGCAGCCTGCTGGCGTTGGAGTAGTGATTGAAGCG
ACACACATGTGCATGGTAATGCGAGGCGTGCAGAAAATGAACAGCA
AGACTGTCACTAGCACCATGCTGGGCGTGTTCCGGGAAGACCCCAA
GACTCGGGAGGAGTTCCTCACACTAATCAGGAGC

SEQ ID NO: 56 ATGAGCGCTGCTGGTGATCTTCGTCGTCGTGCGCGACTGTCGCGCC
TCGTGTCCTTCAGCGCGAGCCACCGGCTGCACAGCCCATCTCTGAG
CGATGAAGAGAACTTAAGAGTGTTTGGGAAATGCAACAATCCGAATG
GCCACGGGCACAACTATAAAGTTGTGGTGACAGTCCATGGAGAGAT
TGATCCTGTTACAGGAATGGTTATGAATTTGACCGACCTCAAAGAAT
ACATGGAGGAGGCCATCATGAAGCCTCTTGATCACAAGAACCTGGA
CCTGGATGTGCCGTACTTTGCGGATGCTGTGAGCACGACAGAAAAT
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GTAGCTGTCTACATCTGGGAAAGCCTCCAGAAACTTCTTCCAGTGG
GAGCTCTTTATAAAGTAAAAGTGTTTGAAACCGACAACAACATCGTA
GTCTATAAAGGAGAA

SEQ ID NO: 57 ATGGAGGGCGGGCTGGGGCGTGCTGTGTGCTTGCTGACCGGGGCC
TCCCGCGGCTTCGGCCGGACGCTGGCCCCGCTCCTGGCCTCGCTG
CTGTCGCCCGGCTCCGTGCTTGTCCTTAGCGCCCGCAACGACGAG
GCACTGCGCCAGCTGGAGGCCGAGCTGGGCGCCGAGCGGTCTGG
CCTGCGCGTGGTGCGGGTGCCCGCCGACCTGGGCGCCGAGGCCG
GCTTGCAGCAGCTGCTCGGCGCCCTGCGCGAGCTCCCCCGGCCCA
AGGGGCTGCAGCGACTGCTGCTTATCAACAACGCGGGCTCTCTTGG
GGATGTGTCCAAAGGCTTCGTGGACCTGAGTGACTCCACTCAAGTG
AACAACTACTGGGCACTGAACTTGACCTCCATGCTCTGCCTGACTTC
CAGCGTCCTGAAGGCCTTCCCGGACAGTCCTGGCCTCAACAGAACC
GTGGTTAACATCTCGTCCCTCTGTGCCCTGCAACCTTTCAAAGGCTG
GGCGCTGTACTGTGCAGGAAAGGCTGCTCGTGATATGCTGTTCCAG
GTCCTGGCGCTGGAGGAACCTAATGTGAGGGTGCTGAACTATGCCC
CAGGTCCTCTGGACACAGACATGCAGCAGTTGGCCCGGGAGACCT
CCGTGGACCCAGACATGCGAAAAGGGCTGCAGGAGCTGAAGGCAA
AGGGGAAGCTGGTGGATTGCAAGGTGTCAGCCCAGAAACTGCTGA
GCTTACTGGAAAAGGACGAGTTCAAGTCTGGAGCCCACGTGGACTT
CTATGACAAA

SEQ ID NO: 58 ATGCAAATAGAGCTCTCCACCTGCTTCTTTCTGTGCCTTTTGCGATT
CTGCTTTAGTGCCACCAGAAGATACTACCTGGGTGCAGTGGAACTG
TCATGGGACTATATGCAAAGTGATCTCGGTGAGCTGCCTGTGGACG
CAAGATTTCCTCCTAGAGTGCCAAAATCTTTTCCATTCAACACCTCAG
TCGTGTACAAAAAGACTCTGTTTGTAGAATTCACGGATCACCTTTTCA
ACATCGCTAAGCCAAGGCCACCCTGGATGGGTCTGCTAGGTCCTAC
CATCCAGGCTGAGGTTTATGATACAGTGGTCATTACACTTAAGAACA
TGGCTTCCCATCCTGTCAGTCTTCATGCTGTTGGTGTATCCTACTGG
ARAGCTTCTGAGGGAGCTGAATATGATGATCAGACCAGTCAAAGGG
AGAAAGAAGATGATAAAGTCTTCCCTGGTGGAAGCCATACATATGTC
TGGCAGGTCCTGAAAGAGAATGGTCCAATGGCCTCTGACCCACTGT
GCCTTACCTACTCATATCTTTCTCATGTGGACCTGGTAAAAGACTTG
AATTCAGGCCTCATTGGAGCCCTACTAGTATGTAGAGAAGGGAGTCT
GGCCAAGGAAAAGACACAGACCTTGCACAAATTTATACTACTTTTTG
CTGTATTTGATGAAGGGAAAAGTTGGCACT CAGAAACAAAGAACTCC
TTGATGCAGGATAGGGATGCTGCATCTGCTCGGGCCTGGCCTAAAA
TGCACACAGTCAATGGTTATGTAAACAGGTCTCTGCCAGGTCTGATT
GGATGCCACAGGAAATCAGTCTATTGGCATGTGATTGGAATGGGCA
CCACTCCTGAAGTGCACTCAATATTCCTCGAAGGTCACACATTTCTT
GTGAGGAACCATCGCCAGGCGTCCTTGGAAATCTCGCCAATAACTT
TCCTTACTGCTCAAACACTCTTGATGGACCTTGGACAGTTTCTACTG
TTTTGTCATATCTCTTCCCACCAACATGATGGCATGGAAGCTTATGTC
AAAGTAGACAGCTGTCCAGAGGAACCCCAACTACGAATGAAAAATAR
TGAAGAAGCGGAAGACTATGATGATGATCTTACTGATTCTGAAATGG
ATGTGGTCAGGTTTGATGATGACAACTCTCCTTCCTTTATCCAAATTC
GCTCAGTTGCCAAGAAGCATCCTAAAACTTGGGTACATTACATTGCT
GCTGAAGAGGAGGACTGGGACTATGCTCCCTTAGTCCTCGCCCCCG
ATGACAGAAGTTATAAAAGTCAATATTTGAACAATGGCCCTCAGCGG
ATTGGTAGGAAGTACAAAAAAGTCCGATTTATGGCATACACAGATGA
AACCTTTAAGACTCGTGAAGCTATTCAGCATGAATCAGGAATCTTGG
GACCTTTACTTTATGGGGAAGTTGGAGACACACTGTTGATTATATTTA
AGAATCAAGCAAGCAGACCATATAACATCTACCCTCACGGAATCACT
GATGTCCGTCCTTTGTATTCAAGGAGATTACCAAAAGGTGTAAAACA
TTTGAAGGATTTTCCAATTCTGCCAGGAGAAATATTCAAATATAAATG
GACAGTGACTGTAGAAGATGGGCCAACTAAATCAGATCCTCGGTGC
CTGACCCGCTATTACTCTAGTTTCGTTAATATGGAGAGAGATCTAGC
TTCAGGACTCATTGGCCCTCTCCTCATCTGCTACAAAGAATCTGTAG
ATCAAAGAGGAAACCAGATAATGTCAGACAAGAGGAATGTCATCCTG
TTTTCTGTATTTGATGAGAACCGAAGCTGGTACCTCACAGAGAATAT
ACAACGCTTTCTCCCCAATCCAGCTGGAGTGCAGCTTGAGGATCCA
GAGTTCCAAGCCTCCAACATCATGCACAGCATCAATGGCTATGTTTT
TGATAGTTTGCAGTTGTCAGTTTGTTTGCATGAGGTGGCATACTGGT
ACATTCTAAGCATTGGAGCACAGACTGACTTCCTTTCTGTCTTCTTCT
CTGGATATACCTTCAAACACAAAATGGTCTATGAAGACACACTCACC
CTATTCCCATTCTCAGGAGAAACTGTCTTCATGTCGATGGAAAACCC
AGGTCTATGGATTCTGGGGTGCCACAACTCAGACTTTCGGAACAGA
GGCATGACCGCCTTACTGAAGGTTTCTAGTTGTGACAAGAACACTG
GTGATTATTACGAGGACAGTTATGAAGATATTTCAGCATACTTGCTG
AGTAAAAACAATGCCATTGAACCAAGAAGCTTCTCCCAGAATTCAAG
ACACCCTAGCACTAGGCAAAAGCAATTTAATGCCACCCCACCAGTCT
TGAAACGCCATCAACGGGAAATAACTCGTACTACTCTTCAGTCAGAT
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CAAGAGGAAATTGACTATGATGATACCATATCAGTTGAAATGAAGAA
GGAAGATTTTGACATTTATGATGAGGATGAAAATCAGAGCCCCCGCA
GCTTTCAAAAGAAAACACGACACTATTTTATTGCTGCAGTGGAGAGG
CTCTGGGATTATGGGATGAGTAGCTCCCCACATGTTCTAAGAAACAG
GGCTCAGAGTGGCAGTGTCCCTCAGTTCAAGAAAGTTGTTTTCCAG
GAATTTACTGATGGCTCCTTTACTCAGCCCTTATACCGTGGAGAACT
AAATGAACATTTGGGACTCCTGGGGCCATATATAAGAGCAGAAGTTG
AAGATAATATCATGGTAACTTTCAGAAATCAGGCCTCTCGTCCCTATT
CCTTCTATTCTAGCCTTATTTCTTATGAGGAAGATCAGAGGCAAGGA
GCAGAACCTAGAAAAAACTTTGTCAAGCCTAATGAAACCAARACTTA
CTTTTGGAAAGTGCAACATCATATGGCACCCACTAAAGATGAGTTTG
ACTGCAAAGCCTGGGCTTATTTCTCTGATGTTGACCTGGAAAAAGAT
GTGCACTCAGGCCTGATTGGACCCCTTCTGGTCTGCCACACTAACA
CACTGAACCCTGCTCATGGGAGACAAGTGACAGTACAGGAATTTGC
TCTGTTTTTCACCATCTTTGATGAGACCAAAAGCTGGTACTTCACTGA
AAATATGGAAAGAAACTGCAGGGCTCCCTGCAATATCCAGATGGAA
GATCCCACTTTTAAAGAGAATTATCGCTTCCATGCAATCAATGGCTA
CATAATGGATACACTACCTGGCTTAGTAATGGCTCAGGATCAAAGGA
TTCGATGGTATCTGCTCAGCATGGGCAGCAATGAAAACATCCATTCT
ATTCATTTCAGTGGACATGTGTTCACTGTACGAAAAAAAGAGGAGTA
TAAAATGGCACTGTACAATCTCTATCCAGGTGTTTTTGAGACAGTGG
AAATGTTACCATCCAAAGCTGGAATTTGGCGGGTGGAATGCCTTATT
GGCGAGCATCTACATGCTGGGATGAGCACACTTTTTCTGGTGTACA
GCAATAAGTGTCAGACTCCCCTGGGAATGGCTTCTGGACACATTAG
AGATTTTCAGATTACAGCTTCAGGACAATATGGACAGTGGGCCCCAA
AGCTGGCCAGACTTCATTATTCCGGATCAATCAATGCCTGGAGCACC
AAGGAGCCCTTTTCTTGGATCAAGGTGGATCTGTTGGCACCAATGAT
TATTCACGGCATCAAGACCCAGGGTGCCCGTCAGAAGTTCTCCAGC
CTCTACATCTCTCAGTTTATCATCATGTATAGTCTTGATGGGAAGAAG
TGGCAGACTTATCGAGGAAATTCCACTGGAACCTTAATGGTCTTCTT
TGGCAATGTGGATTCATCTGGGATAAAACACAATATTTTTAACCCTCC
AATTATTGCTCGATACATCCGTTTGCACCCAACTCATTATAGCATTCG
CAGCACTCTTCGCATGGAGTTGATGGGCTGTGATTTAAATAGTTGCA
GCATGCCATTGGGAATGGAGAGTAAAGCAATATCAGATGCACAGATT
ACTGCTTCATCCTACTTTACCAATATGTTTGCCACCTGGTCTCCTTCA
ARAAGCTCGACTTCACCTCCAAGGGAGGAGTAATGCCTGGAGACCTC
AGGTGAATAATCCAAAAGAGTGGCTGCAAGTGGACTTCCAGAAGAC
AATGAAAGTCACAGGAGTAACTACTCAGGGAGTAAAATCTCTGCTTA
CCAGCATGTATGTGAAGGAGTTCCTCATCTCCAGCAGTCAAGATGG
CCATCAGTGGACTCTCTTTTTTCAGAATGGCAAAGTAAAGGTTTTTCA
GGGAAATCAAGACTCCTTCACACCTGTGGTGAACTCTCTAGACCCAC
CGTTACTGACTCGCTACCTTCGAATTCACCCCCAGAGTTGGGTGCA
CCAGATTGCCCTGAGGATGGAGGTTCTGGGCTGCGAGGCACAGGA
CCTCTAC

ATGCAAATAGAGCTCTCCACCTGCTTCTTTCTGTGCCTTTTGCGATT
CTGCTTTAGTGCCACCAGAAGATACTACCTGGGTGCAGTGGAACTG
TCATGGGACTATATGCAAAGTGATCTCGGTGAGCTGCCTGTGGACG
CAAGATTTCCTCCTAGAGTGCCAAAATCTTTTCCATTCAACACCTCAG
TCGTGTACAAAAAGACTCTGTTTGTAGAATTCACGGATCACCTTTTCA
ACATCGCTAAGCCAAGGCCACCCTGGATGGGTCTGCTAGGTCCTAC
CATCCAGGCTGAGGTTTATGATACAGTGGTCATTACACTTAAGAACA
TGGCTTCCCATCCTGTCAGTCTTCATGCTGTTGGTGTATCCTACTGG
ARAGCTTCTGAGGGAGCTGAATATGATGATCAGACCAGTCAAAGGG
AGAAAGAAGATGATAAAGTCTTCCCTGGTGGAAGCCATACATATGTC
TGGCAGGTCCTGAAAGAGAATGGTCCAATGGCCTCTGACCCACTGT
GCCTTACCTACTCATATCTTTCTCATGTGGACCTGGTAAAAGACTTG
AATTCAGGCCTCATTGGAGCCCTACTAGTATGTAGAGAAGGGAGTCT
GGCCAAGGAAAAGACACAGACCTTGCACAAATTTATACTACTTTTTG
CTGTATTTGATGAAGGGAAAAGTTGGCACT CAGAAACAAAGAACTCC
TTGATGCAGGATAGGGATGCTGCATCTGCTCGGGCCTGGCCTAAAA
TGCACACAGTCAATGGTTATGTAAACAGGTCTCTGCCAGGTCTGATT
GGATGCCACAGGAAATCAGTCTATTGGCATGTGATTGGAATGGGCA
CCACTCCTGAAGTGCACTCAATATTCCTCGAAGGTCACACATTTCTT
GTGAGGAACCATCGCCAGGCGTCCTTGGAAATCTCGCCAATAACTT
TCCTTACTGCTCAAACACTCTTGATGGACCTTGGACAGTTTCTACTG
TTTTGTCATATCTCTTCCCACCAACATGATGGCATGGAAGCTTATGTC
AAAGTAGACAGCTGTCCAGAGGAACCCCAACTACGAATGAAAAATAR
TGAAGAAGCGGAAGACTATGATGATGATCTTACTGATTCTGAAATGG
ATGTGGTCAGGTTTGATGATGACAACTCTCCTTCCTTTATCCAAATTC
GCTCAGTTGCCAAGAAGCATCCTAAAACTTGGGTACATTACATTGCT
GCTGAAGAGGAGGACTGGGACTATGCTCCCTTAGTCCTCGCCCCCG
ATGACAGAAGTTATAAAAGTCAATATTTGAACAATGGCCCTCAGCGG
ATTGGTAGGAAGTACAAAAAAGTCCGATTTATGGCATACACAGATGA
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AACCTTTAAGACTCGTGAAGCTATTCAGCATGAATCAGGAATCTTGG
GACCTTTACTTTATGGGGAAGTTGGAGACACACTGTTGATTATATTTA
AGAATCAAGCAAGCAGACCATATAACATCTACCCTCACGGAATCACT
GATGTCCGTCCTTTGTATTCAAGGAGATTACCAAAAGGTGTAAAACA
TTTGAAGGATTTTCCAATTCTGCCAGGAGAAATATTCAAATATAAATG
GACAGTGACTGTAGAAGATGGGCCAACTAAATCAGATCCTCGGTGC
CTGACCCGCTATTACTCTAGTTTCGTTAATATGGAGAGAGATCTAGC
TTCAGGACTCATTGGCCCTCTCCTCATCTGCTACAAAGAATCTGTAG
ATCAAAGAGGAAACCAGATAATGTCAGACAAGAGGAATGTCATCCTG
TTTTCTGTATTTGATGAGAACCGAAGCTGGTACCTCACAGAGAATAT
ACAACGCTTTCTCCCCAATCCAGCTGGAGTGCAGCTTGAGGATCCA
GAGTTCCAAGCCTCCAACATCATGCACAGCATCAATGGCTATGTTTT
TGATAGTTTGCAGTTGTCAGTTTGTTTGCATGAGGTGGCATACTGGT
ACATTCTAAGCATTGGAGCACAGACTGACTTCCTTTCTGTCTTCTTCT
CTGGATATACCTTCAAACACAAAATGGTCTATGAAGACACACTCACC
CTATTCCCATTCTCAGGAGAAACTGTCTTCATGTCGATGGAAAACCC
AGGTCTATGGATTCTGGGGTGCCACAACTCAGACTTTCGGAACAGA
GGCATGACCGCCTTACTGAAGGTTTCTAGTTGTGACAAGAACACTG
GTGATTATTACGAGGACAGTTATGAAGATATTTCAGCATACTTGCTG
AGTAAAAACAATGCCATTGAACCAAGAAGCTTCTCCCAGAATTCAAG
ACACCCTAGCACTAGGCAAAAGCAATTTAATGCCACCACAATTCCAG
AAAATGACATAGAGAAGACTGACCCTTGGTTTGCACACAGAACACCT
ATGCCTAAAATACAAAATGTCTCCTCTAGTGATTTGTTGATGCTCTTG
CGACAGAGTCCTACTCCACATGGGCTATCCTTATCTGATCTCCAAGA
AGCCAAATATGAGACTTTTTCTGATGATCCATCACCTGGAGCAATAG
ACAGTAATAACAGCCTGTCTGAAATGACACACTTCAGGCCACAGCTC
CATCACAGTGGGGACATGGTATTTACCCCTGAGTCAGGCCTCCAATT
AAGATTAAATGAGAAACTGGGGACAACTGCAGCAACAGAGTTGAAG
AAACTTGATTTCAAAGTTTCTAGTACATCAAATAATCTGATTTCAACAA
TTCCATCAGACAATTTGGCAGCAGGTACTGATAATACAAGTTCCTTA
GGACCCCCAAGTATGCCAGTTCATTATGATAGTCAATTAGATACCAC
TCTATTTGGCAAAAAGTCATCTCCCCTTACTGAGTCTGGTGGACCTC
TGAGCTTGAGTGAAGAAAATAATGATTCAAAGTTGT TAGAATCAGGT
TTAATGAATAGCCAAGAAAGTTCATGGGGAAAAAATGTATCGTCAAC
AGAGAGTGGTAGGTTATTTAAAGGGAAAAGAGCTCATGGACCTGCTT
TGTTGACTAAAGATAATGCCTTATTCAAAGTTAGCATCTCTTTGTTAA
AGACAAACAAAACTTCCAATAATTCAGCAACTAATAGAAAGACTCACA
TTGATGGCCCATCATTATTAATTGAGAATAGTCCATCAGTCTGGCAA
AATATATTAGAAAGTGACACTGAGTTTAAAAAAGTGACACCTTTGATT
CATGACAGAATGCTTATGGACAAAAATGCTACAGCTTTGAGGCTAAA
TCATATGTCAAATAAAACTACTTCATCAAAAAACATGGAAATGGTCCA
ACAGAAAAAAGAGGGCCCCATTCCACCAGATGCACAAAATCCAGAT
ATGTCGTTCTTTAAGATGCTATTCTTGCCAGAATCAGCAAGGTGGAT
ACAAAGGACTCATGGAAAGAACTCTCTGAACTCTGGGCAAGGCCCC
AGTCCAAAGCAATTAGTATCCTTAGGACCAGAAAAATCTGTGGAAGG
TCAGAATTTCTTGTCTGAGAAAAACAAAGTGGTAGTAGGAAAGGGTG
AATTTACAAAGGACGTAGGACTCAAAGAGATGGTTTTTCCAAGCAGC
AGAAACCTATTTCTTACTAACTTGGATAATTTACATGAAAATAATACA
CACAATCAAGAAAAAAAAATTCAGGAAGAAATAGAAAAGAAGGAAAC
ATTAATCCAAGAGAATGTAGTTTTGCCTCAGATACATACAGTGACTG
GCACTAAGAATTTCATGAAGAACCTTTTCTTACTGAGCACTAGGCAA
AATGTAGAAGGTTCATATGACGGGGCATATGCTCCAGTACTTCAAGA
TTTTAGGTCATTAAATGATTCAACAAATAGAACAAAGAAACACACAGC
TCATTTCTCAAAAAAAGGGGAGGAAGAAAACTTGGAAGGCTTGGGA
AATCAAACCAAGCAAATTGTAGAGAAATATGCATGCACCACAAGGAT
ATCTCCTAATACAAGCCAGCAGAATTTTGTCACGCAACGTAGTAAGA
GAGCTTTGAAACAATTCAGACTCCCACTAGAAGAAACAGAACTTGAA
AAAAGGATAATTGTGGATGACACCTCAACCCAGTGGTCCAAAAACAT
GAAACATTTGACCCCGAGCACCCTCACACAGATAGACTACAATGAGA
AGGAGAAAGGGGCCATTACTCAGTCTCCCTTATCAGATTGCCTTACG
AGGAGTCATAGCATCCCTCAAGCAAATAGATCTCCATTACCCATTGC
AAAGGTATCATCATTTCCATCTATTAGACCTATATATCTGACCAGGGT
CCTATTCCAAGACAACTCTTCTCATCTTCCAGCAGCATCTTATAGAAA
GAAAGATTCTGGGGTCCAAGAAAGCAGTCATTTCTTACAAGGAGCCA
AAAAAAATAACCTTTCTTTAGCCATTCTAACCTTGGAGATGACTGGTG
ATCAAAGAGAGGTTGGCTCCCTGGGGACAAGTGCCACAAATTCAGT
CACATACAAGAAAGTTGAGAACACTGTTCTCCCGAAACCAGACTTGC
CCAAAACATCTGGCAAAGTTGAATTGCTTCCAAAAGTTCACATTTATC
AGAAGGACCTATTCCCTACGGAAACTAGCAATGGGTCTCCTGGCCA
TCTGGATCTCGTGGAAGGGAGCCTTCTTCAGGGAACAGAGGGAGC
GATTAAGTGGAATGAAGCAAACAGACCTGGAAAAGTTCCCTTTCTGA
GAGTAGCAACAGAAAGCTCTGCAAAGACTCCCTCCAAGCTATTGGAT
CCTCTTGCTTGGGATAACCACTATGGTACTCAGATACCAAAAGAAGA
GTGGAAATCCCAAGAGAAGTCACCAGAAAAAACAGCTTTTAAGAAAA
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AGGATACCATTTTGTCCCTGAACGCTTGTGAAAGCAATCATGCAATA
GCAGCAATAAATGAGGGACAAAATAAGCCCGAAATAGAAGTCACCT
GGGCAAAGCAAGGTAGGACTGAAAGGCTGTGCTCTCAAAACCCACC
AGTCTTGAAACGCCATCAACGGGAAATAACTCGTACTACTCTTCAGT
CAGATCAAGAGGAAATTGACTATGATGATACCATATCAGTTGARATG
AAGAAGGAAGATTTTGACATT TATGATGAGGATGAAAATCAGAGCCC
CCGCAGCTTTCAAAAGAAAACACGACACTATTTTATTGCTGCAGTGG
AGAGGCTCTGGGATTATGGGATGAGTAGCTCCCCACATGTTCTAAG
ARAACAGGGCTCAGAGTGGCAGTGTCCCTCAGTTCAAGAAAGTTGTTT
TCCAGGAATTTACTGATGGCTCCTTTACTCAGCCCTTATACCGTGGA
GAACTAAATGAACATTTGGGACTCCTGGGGCCATATATAAGAGCAGA
AGTTGAAGATAATATCATGGTAACTTTCAGAAATCAGGCCTCTCGTC
CCTATTCCTTCTATTCTAGCCTTATTTCTTATGAGGAAGATCAGAGGC
AAGGAGCAGAACCTAGAAAAAACTTTGTCAAGCCTAATGAAACCAAR
ACTTACTTTTGGAAAGTGCAACATCATATGGCACCCACTAAAGATGA
GTTTGACTGCAAAGCCTGGGCTTATTTCTCTGATGTTGACCTGGAAA
AAGATGTGCACTCAGGCCTGATTGGACCCCTTCTGGTCTGCCACAC
TAACACACTGAACCCTGCTCATGGGAGACAAGTGACAGTACAGGAA
TTTGCTCTGTTTTTCACCATCTTTGATGAGACCAAAAGCTGGTACTTC
ACTGAAAATATGGAAAGAAACTGCAGGGCTCCCTGCAATATCCAGAT
GGAAGATCCCACTTTTAAAGAGAATTATCGCTTCCATGCAATCAATG
GCTACATAATGGATACACTACCTGGCTTAGTAATGGCTCAGGATCAA
AGGATTCGATGGTATCTGCTCAGCATGGGCAGCAATGAAAACATCC
ATTCTATTCATTTCAGTGGACATGTGTTCACTGTACGAAAAAAAGAG
GAGTATAAAATGGCACTGTACAATCTCTATCCAGGTGTTTTTGAGAC
AGTGGAAATGTTACCATCCAAAGCTGGAATTTGGCGGGTGGAATGC
CTTATTGGCGAGCATCTACATGCTGGGATGAGCACACTTTTTCTGGT
GTACAGCAATAAGTGTCAGACTCCCCTGGGAATGGCTTCTGGACAC
ATTAGAGATTTTCAGATTACAGCTTCAGGACAATATGGACAGTGGGC
CCCAAAGCTGGCCAGACTTCATTATTCCGGATCAATCAATGCCTGGA
GCACCAAGGAGCCCTTTTCTTGGATCAAGGTGGATCTGTTGGCACC
AATGATTATTCACGGCATCAAGACCCAGGGTGCCCGTCAGAAGTTCT
CCAGCCTCTACATCTCTCAGTTTATCATCATGTATAGTCTTGATGGGA
AGAAGTGGCAGACTTATCGAGGAAATTCCACTGGAACCTTAATGGTC
TTCTTTGGCAATGTGGATTCATCTGGGATAAAACACAATATTTTTAAC
CCTCCAATTATTGCTCGATACATCCGTTTGCACCCAACTCATTATAGC
ATTCGCAGCACTCTTCGCATGGAGTTGATGGGCTGTGATTTAAATAG
TTGCAGCATGCCATTGGGAATGGAGAGTAAAGCAATATCAGATGCA
CAGATTACTGCTTCATCCTACTTTACCAATATGTTTGCCACCTGGTCT
CCTTCAAAAGCTCGACTTCACCTCCAAGGGAGGAGTAATGCCTGGA
GACCTCAGGTGAATAATCCAAAAGAGTGGCTGCAAGTGGACTTCCA
GAAGACAATGAAAGTCACAGGAGTAACTACTCAGGGAGTAAAATCTC
TGCTTACCAGCATGTATGTGAAGGAGTTCCTCATCTCCAGCAGTCAA
GATGGCCATCAGTGGACTCTCTTTTTTCAGAATGGCAAAGTAAAGGT
TTTTCAGGGAAATCAAGACTCCTTCACACCTGTGGTGAACTCTCTAG
ACCCACCGTTACTGACTCGCTACCTTCGAATTCACCCCCAGAGTTGG
GTGCACCAGATTGCCCTGAGGATGGAGGTTCTGGGCTGCGAGGCA
CAGGACCTCTAC

ATGAAGTGGGTAACCTTTATTTCCCTTCTTTTTCTCTTTAGCTCGGCT
TATTCCAGGGGTGTGTTTCGTCGAGATGCACACAAGAGTGAGGTTG
CTCATCGGTTTAAAGATTTGGGAGAAGAAAATTTCAAAGCCTTGGTG
TTGATTGCCTTTGCTCAGTATCTTCAGCAGTGTCCATTTGAAGATCAT
GTAAAATTAGTGAATGAAGTAACTGAATTTGCAAAAACATGTGTTGCT
GATGAGTCAGCTGAAAATTGTGACAAATCACTTCATACCCTTTTTGG
AGACAAATTATGCACAGTTGCAACTCTTCGTGAAACCTATGGTGAAA
TGGCTGACTGCTGTGCAAAACAAGAACCTGAGAGAAATGAATGCTTC
TTGCAACACAAAGATGACAACCCAAACCTCCCCCGATTGGTGAGAC
CAGAGGTTGATGTGATGTGCACTGCTTTTCATGACAATGAAGAGACA
TTTTTGAAAAAATACTTATATGAAATTGCCAGAAGACATCCTTACTTTT
ATGCCCCGGAACTCCTTTTCTTTGCTAAAAGGTATAAAGCTGCTTTTA
CAGAATGTTGCCAAGCTGCTGATAAAGCTGCCTGCCTGTTGCCAAA
GCTCGATGAACTTCGGGATGAAGGGAAGGCTTCGTCTGCCARACAG
AGACTCAAGTGTGCCAGTCTCCAAAAATTTGGAGAAAGAGCTTTCAA
AGCATGGGCAGTAGCTCGCCTGAGCCAGAGATTTCCCAAAGCTGAG
TTTGCAGAAGTTTCCAAGTTAGTGACAGATCTTACCAAAGTCCACAC
GGAATGCTGCCATGGAGATCTGCTTGAATGTGCTGATGACAGGGCG
GACCTTGCCAAGTATATCTGTGAAAATCAAGATTCGATCTCCAGTAA
ACTGAAGGAATGCTGTGAAAAACCTCTGTTGGAAAAATCCCACTGCA
TTGCCGAAGTGGAAAATGATGAGATGCCTGCTGACTTGCCTTCATTA
GCTGCTGATTTTGTTGAAAGTAAGGATGTTTGCAAAAACTATGCTGA
GGCAAAGGATGTCTTCCTGGGCATGTTTTTGTATGAATATGCAAGAA
GGCATCCTGATTACTCTGTCGTGCTGCTGCTGAGACTTGCCAAGAC
ATATGAAACCACTCTAGAGAAGTGCTGTGCCGCTGCAGATCCTCATG
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AATGCTATGCCAAAGTGTTCGATGAATTTAAACCTCTTGTGGAAGAG
CCTCAGAATTTAATCAAACAAAATTGTGAGCTTTTTGAGCAGCTTGGA
GAGTACAAATTCCAGAATGCGCTATTAGTTCGTTACACCAAGAAAGT
ACCCCAAGTGTCAACTCCAACTCTTGTAGAGGTCTCAAGAAACCTAG
GAAAAGTGGGCAGCAAATGTTGTAAACATCCTGAAGCAAAAAGAATG
CCCTGTGCAGAAGACTATCTATCCGTGGTCCTGAACCAGTTATGTGT
GTTGCATGAGAAAACGCCAGTAAGTGACAGAGTCACCAAATGCTGC
ACAGAATCCTTGGTGAACAGGCGACCATGCTTTTCAGCTCTGGAAGT
CGATGAAACATACGTTCCCAAAGAGTTTAATGCTGAAACATTCACCT
TCCATGCAGATATATGCACACTTTCTGAGAAGGAGAGACAAATCAAG
AAACAAACTGCACTTGTTGAGCTCGTGAAACACAAGCCCAAGGCAA
CAAAAGAGCAACTGAAAGCTGTTATGGATGATTTCGCAGCTTTTGTA
GAGAAGTGCTGCAAGGCTGACGATAAGGAGACCTGCTTTGCCGAGG
AGGGTAAAAAACTTGTTGCTGCAAGTCAAGCTGCCTTAGGCTTA

GCCACCATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCC
TCATCACCATCTGCCTTTTAGGATATCTACTCAGTGCTGAATGTACA
GTTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCARAA
GAGGTATAATTCAGGTAAATTGGAAGAGTTTGTTCAAGGGAACCTTG
AGAGAGAATGTATGGAAGAAAAGTGTAGTTTTGAAGAAGCACGAGAA
GTTTTTGAAAACACTGAAAGAACAACTGAATTTTGGAAGCAGTATGTT
GATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGGCCCCAGTT
GCAAGGATGACATTAATTCCTATGAATGTTGGTGTCCCTTTGGATTT
GAAGGAAAGAACTGTGAATTAGATGTAACATGTAACATTAAGAATGG
CAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATAACAAGGTGGTTT
GCTCCTGTACTGAGGGATATCGACTTGCAGAAAACCAGAAGTCCTG
TGAACCAGCAGTGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAA
CTTCTAAGCTCACCCGTGCTGAGACTGTTTTTCCTGATGTGGACTAT
GTAAATTCTACTGAAGCTGAAACCATTTTGGATAACATCACTCAAAGC
ACCCAATCATTTAATGACTTCACTCGGGTTGT TGGTGGAGAAGATGC
CAAACCAGGTCAATTCCCTTGGCAGGTTGTTTTGAATGGTAAAGTTG
ATGCATTCTGTGGAGGCTCTATCGTTAATGAAAAATGGATTGTAACT
GCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAGG
TGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGARAATG
TGATTCGAATTATTCCTCACCACAACTACAATGCAGCTATTAATAAGT
ACAACCATGACATTGCCCTTCTGGAACTGGACGAACCCTTAGTGCTA
AACAGCTACGTTACACCTATTTGCATTGCTGACAAGGAATACACGAA
CATCTTCCTCAAATTTGGATCTGGCTATGTAAGTGGCTGGGGAAGAG
TCTTCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTT
CCACTTGTTGACCGAGCCACATGTCTTCGATCTACAAAGTTCACCAT
CTATAACAACATGTTCTGTGCTGGCTTCCATGAAGGAGGTAGAGATT
CATGTCAAGGAGATAGTGGGGGACCCCATGTTACTGAAGTGGAAGG
GACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAA
TGAAAGGCAAATATGGAATATATACCAAGGTATCCCGGTATGTCAAC
TGGATTAAGGAAAAAACAAAGCTCACT

ATGGTGGACGCTTTCCTGGGCACCTGGAAGCTAGTGGACAGCAAGA
ATTTCGATGACTACATGAAGTCACTCGCTCATATACTCATAACCTTCC
CCCTACCCTCAGGTGTGGGTTTTGCTACCAGGCAGGTGGCCAGCAT
GACCAAGCCTACCACAATCATCGAAAAGAATGGGGACATTCTCACC
CTAAAAACACACAGCACCTTCAAGAACACAGAGATCAGCTTTAAGTT
GGGGGTGGAGTTCGATGAGACAACAGCAGATGACAGGAAGGTCAA
GTCCATTGTGACACTGGATGGAGGGAAACTTGTTCACCTGCAGAAAT
GGGACGGGCAAGAGACCACACTTGTGCGGGAGCTAATTGATGGARA
ACTCATCCTGACACTCACCCACGGCACTGCAGTTTGCACTCGCACTT
ATGAGAAAGAGGCA

ATGGGGCTCAGCGACGGGGAATGGCAGTTGGTGCTGAACGTCTGG
GGGAAGGTGGAGGCTGACATCCCAGGCCATGGGCAGGAAGTCCTC
ATCAGGCTCTTTAAGGGTCACCCAGAGACTCTGGAGAAGTTTGACAA
GTTCAAGCACCTGAAGTCAGAGGACGAGATGAAGGCGTCTGAGGAC
TTAAAGAAGCATGGTGCCACCGTGCTCACCGCCCTGGGTGGCATCC
TTAAGAAGAAGGGGCATCATGAGGCAGAGATTAAGCCCCTGGCACA
GTCGCATGCCACCAAGCACAAGATCCCCGTGAAGTACCTGGAGTTC
ATCTCGGAATGCATCATCCAGGTTCTGCAGAGCAAGCATCCCGGGG
ACTTTGGTGCTGATGCCCAGGGGGCCATGAACAAGGCCCTGGAGCT
GTTCCGGAAGGACATGGCCTCCAACTACAAGGAGCTGGGCTTCCAG
GGC

ATGGAGAGGAGACGCATCACCTCCGCTGCTCGCCGCTCCTACGTCT
CCTCAGGGGAGATGATGGTGGGGGGCCTGGCTCCTGGCCGCCGTC
TGGGTCCTGGCACCCGCCTCTCCCTGGCTCGAATGCCCCCTCCACT
CCCGACCCGGGTGGATTTCTCCCTGGCTGGGGCACTCAATGCTGG
CTTCAAGGAGACCCGGGCCAGTGAGCGGGCAGAGATGATGGAGCT
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Name

Sequence

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

65

66

67

CAATGACCGCTTTGCCAGCTACATCGAGAAGGTTCGCTTCCTGGAA
CAGCAAAACAAGGCGCTGGCTGCTGAGCTGAACCAGCTGCGGGCC
AAGGAGCCCACCAAGCTGGCAGACGTCTACCAGGCTGAGCTGCGA
GAGCTGCGGCTGCGGCTCGATCAACTCACCGCCAACAGCGCCCGG
CTGGAGGTTGAGAGGGACAATCTGGCACAGGACCTGGCCACTGTG
AGGCAGAAGCTCCAGGATGAAACCAACCTGAGGCTGGAAGCCGAG
AACAACCTGGCTGCCTATAGACAGGAAGCAGATGAAGCCACCCTGG
CCCGTCTGGATCTGGAGAGGAAGATTGAGT CGCTGGAGGAGGAGA
TCCGGTTCTTGAGGAAGATCCACGAGGAGGAGGTTCGGGAACTCCA
GGAGCAGCTGGCCCGACAGCAGGTCCATGTGGAGCTTGACGTGGC
CAAGCCAGACCTCACCGCAGCCCTGAAAGAGATCCGCACGCAGTAT
GAGGCAATGGCGTCCAGCAACATGCATGAAGCCGAAGAGTGGTACC
GCTCCAAGTTTGCAGACCTGACAGACGCTGCTGCCCGCAACGCGGA
GCTGCTCCGCCAGGCCAAGCACGAAGCCAACGACTACCGGCGCCA
GTTGCAGTCCTTGACCTGCGACCTGGAGTCTCTGCGCGGCACGAAC
GAGTCCCTGGAGAGGCAGATGCGCGAGCAGGAGGAGCGGCACGT
GCGGGAGGCGGCCAGTTATCAGGAGGCGCTGGCGCGGCTGGAGG
AAGAGGGGCAGAGCCTCAAGGACGAGATGGCCCGCCACTTGCAGG
AGTACCAGGACCTGCTCAATGTCAAGCTGGCCCTGGACATCGAGAT
CGCCACCTACAGGAAGCTGCTAGAGGGCGAGGAGAACCGGATCAC
CATTCCCGTGCAGACCTTCTCCAACCTGCAGATTCGAGGGGGCAAA
AGCACCAAAGACGGGGAAAATCACAAGGTCACAAGATATCTCAAAA
GCCTCACAATACGAGTTATACCAATACAGGCTCACCAGATTGTAAAT
GGAACGCCGCCGGCTCGCGGT

ATGTCTGAGCTGGAGAAGGCCATGGTGGCCCTCATCGACGTTTTCC
ACCAATATTCTGGAAGGGAGGGAGACAAGCACAAGCTGAAGAAATC
CGAACTGAAGGAGCTCATCAACAATGAGCTTTCCCATTTCTTAGAGG
AAATCAAAGAGCAGGAGGTTGTGGACAAAGTCATGGAAACACTGGA
CAATGATGGAGACGGCGAATGTGACTTCCAGGAATTCATGGCCTTT
GTTGCCATGGTTACTACTGCCTGCCACGAGTTCTTTGAACATGAG

GCCCCTGGAGGAACTGAACCCACTATCGGTCATGGGGCCGAGACTA
AATGTGGCGGGTTGTCTTTAATCTGCTGCCAAGAGGAAACTCATTCA
GGCAAGTTCAGCCCTTTATGAGGAATTCCCCTGTGGTCACATTCCAA
TTCCTGGACCTGCTGCCACCCTCAGAACTGCATGCTCCTTCTTCAGA
CTTTCTAAGAATGACTCAGGTCATTGGTGGAGTGAAGTCAAGATTTC
CAACTCAGTCACCTGAAGAGATGGAGATACCATTCATGGAGCTGGA
GGTCCCTGGAGATTTGGGAATTCAGATAACAAGCTAAGATAAGGAGT
TTGCCTACCTCTGTCCTAGAGCGAAGCCTGAGCCTTGGGCGCGCAG
CACACCACAAGTATCTGTTACTGTGTTTTGCAGAAGCTTCAGGCGGG
GATATAAGCCCCACAAGGAAAGCGCTGAGCAGAGGAGGCCTCAGCT
TGACCTGCGGCAGTGCAGCCCTTGGGACTTCCCTCGCCTTCCACCT
CCTGCTCGTCTGCTTCACAAGCTATCGCTATGGTGTTCGTGCGCAG
GCCGTGGCCCGCCTTGACCACAGTGCTTCTGGCCCTGCTCGTCTGC
CTAGGGGCGCTGGTCGACGCCTACCCCATCAAACCCGAGGCTCCC
GGCGAAGACGCCTCGCCGGAGGAGCTGAACCGCTACTACGCCTCC
CTGCGCCACTACCTCAACCTGGTCACCCGGCAGCGGTATGGGAAAL
GAGACGGCCCGGACACGCTTCTTTCCAAAACGTTCTTCCCCGACGG
CGAGGACCGCCCCGTCAGGTCGCGGTCGGAGGGCCCAGACCTGTG
GTGAGGACCCCTGAGGCCTCCTGGGAGATCTGCCAACCACGCCCA
CGTCATTTGCATACGCACTCCCGACCCCAGAAACCCGGATTCTGCC
TCCCGACGGCGGCGTCTGGGCAGGGTTCGGGTGCGGCCCTCCGC
CCGCGTCTCGGTGCCCCCGCCCCCTGGGCTGGAGGGCTGTGTGTG
GTCCTTCCCTGGTCCCAAAATAAAGAGCAAATTCCACAGAAACGGAA
AAAAAADAADARL

CGCAGCAAACACATCCGTAGAAGGCAGCGCGGCCGCCGAGAACCG
CAGCGCCGCTCGCCCGCCGCCCCCCACCCCGLLCGCCCCECLeat
CGAATTGCGCCCCGCGCCCCTCCCCTCGCGCCCCCGAGACAAAGA
GGAGAGAAAGTTTGCGCGGCCGAGCGGGGCAGGTGAGGAGGGTG
AGCCGCGCGGGAGGGGCCCGCCTCGGCCCCGGCTCAGCCCCCGL
CCGCGCCCCCAGCCCGCCGCCGCGAGCAGCGCCCGGACCCCCCa
GCGGCGGCCCCCGCCCGCCCAGCCCCCCGGCCCGCCATGGGLGC
CGCGGCCCGCACCCTGCGGCTGGCGCTCGGCCTCCTGCTGCTGGC
GACGCTGCTTCGCCCGGCCGACGCCTGCAGCTGCTCCCCGGTGCA
CCCGCAACAGGCGTTTTGCAATGCAGATGTAGTGATCAGGGCCAAA
GCGGTCAGTGAGAAGGAAGTGGACTCTGGAAACGACATTTATGGCA
ACCCTATCAAGAGGATCCAGTATGAGATCAAGCAGATAAAGATGTTC
ARAAGGGCCTGAGAAGGATATAGAGTTTATCTACACGGCCCCCTCCT
CGGCAGTGTGTGGGGTCTCGCTGGACGTTGGAGGAAAGAAGGAAT
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Name

Sequence

ATCTCATTGCAGGAAAGGCCGAGGGGGACGGCAAGATGCACATCAC
CCTCTGTGACTTCATCGTGCCCTGGGACACCCTGAGCACCACCCAG
AAGAAGAGCCTGAACCACAGGTACCAGATGGGCTGCGAGTGCAAGA
TCACGCGCTGCCCCATGATCCCGTGCTACATCTCCTCCCCGGACGA
GTGCCTCTGGATGGACTGGGT CACAGAGAAGAACATCAACGGGCAC
CAGGCCAAGTTCTTCGCCTGCATCAAGAGAAGTGACGGCTCCTGTG
CGTGGTACCGCGGCGCGGCGCCCCCCAAGCAGGAGTTTCTCGACA
TCGAGGACCCATAAGCAGGCCTCCAACGCCCCTGTGGCCAACTGCA
AAAAAAGCCTCCAAGGGTTTCGATCTGACATCCCTTCCTGGAAACAG
CATGAATAAAACACTCATCCCATGGGTCCAAATTAATATGATTCTGCT
CCCCCCTTCTCCTTTTAGACATGGTTGTGGGTCTGGAGGGAGACGT
GGGTCCAAGGTCCTCATCCCATCCTCCCTCTGCCAGGCACTATGTG
TCTGGGGCTTCGATCCTTGGGTGCAGGCAGGGCTGGGACACGCGG
CTTCCCTCCCAGTCCCTGCCTTGGCACCGTCACAGATGCCAAGCAG
GCAGCACTTAGGGATCTCCCAGCTGGGTTAGGGCAGGGCCTGGAA
ATGTGCATTTTGCAGAAACTTTTGAGGGTCGTTGCAAGACTGTGTAG
CAGGCCTACCAGGTCCCTTTCATCTTGAGAGGGACATGGCCCTTGT
TTTCTGCAGCTTCCACGCCTCTGCACTCCCTGCCCCTGGCAAGTGC
TCCCATCGCCCCGGTGCCCACCATGAGCTCCCAGCACCTGACTCCC
CCCACATCCAAGGGCAGCCTGGAACCAGTGGCTAGTTCTTGAAGGA
GCCCCATCAATCCTATTAATCCTCAGAATTCCAGTGGGAGCCTCCCT
CTGAGCCTTGTAGAAATGGGAGCGAGAAACCCCAGCTGAGCTGCGT
TCCAGCCTCAGCTGAGTCTTTTTGGTCTGCACCCACCCCCCCACCC
CCCCCCCCCCGCCCACATGCTCCCCAGCTTGCAGGAGGAATCGGT
GAGGTCCTGTCCTGAGGCTGCTGTCCGGGGCCGGTGGCTGCCCTC
AAGGTCCCTTCCCTAGCTGCTGCGGTTGCCATTGCTTCTTGCCTGTT
CTGGCATCAGGCACCTGGATTGAGT TGCACAGCTTTGCTTTATCCG
GGCTTGTGTGCAGGGCCCGGCTGGGCTCCCCATCTGCACATCCTG
AGGACAGAAAAAGCTGGGTCTTGCTGTGCCCTCCCAGGCTTAGTGT
TCCCTCCCTCAAAGACTGACAGCCATCGTTCTGCACGGGGCTTTCT
GCATGTGACGCCAGCTAAGCATAGTAAGAAGT CCAGCCTAGGAAGG
GAAGGATTTTGGAGGTAGGTGGCTTTGGTGACACACTCACTTCTTTC
TCAGCCTCCAGGACACTATGGCCTGTTTTAAGAGACATCTTATTTTTC
TAAAGGTGAATTCTCAGATGATAGGTGAACCTGAGT TGCAGATATAC
CAACTTCTGCTTGTATTTCTTAAATGACAAAGATTACCTAGCTAAGAA
ACTTCCTAGGGAACTAGGGAACCTATGTGTTCCCTCAGTGTGGTTTC
CTGAAGCCAGTGATATGGGGGTTAGGATAGGAAGAACTTTCTCGGT
AATGATAAGGAGAATCTCTTGTTTCCTCCCACCTGTGTTGTAAAGATA
AACTGACGATATACAGGCACATTATGTAAACATACACACGCAATGAA
ACCGAAGCTTGGCGGCCTGGGCGTGGTCTTGCAAAATGCTTCCARA
GCCACCTTAGCCTGTTCTATTCAGCGGCAACCCCAAAGCACCTGTTA
AGACTCCTGACCCCCAAGTGGCATGCAGCCCCCATGCCCACCGGG
ACCTGGTCAGCACAGATCTTGATGACTTCCCTTTCTAGGGCAGACTG
GGAGGGTATCCAGGAATCGGCCCCTGCCCCACGGGCGTTTTCATG
CTGTACAGTGACCTAAAGTTGGTAAGATGTCATAATGGACCAGTCCA
TGTGATTTCAGTATATACAACTCCACCAGACCCCTCCAACCCATATA
ACACCCCACCCCTGTTCGCTTCCTGTATGGTGATATCATATGTAACA
TTTACTCCTGTTTCTGCTGATTGTTTTTTTAATGTTTTGGTTTGTTTTT
GACATCAGCTGTAATCATTCCTGTGCTGTGTTTTTTATTACCCTTGGT
AGGTATTAGACTTGCACTTTTTTAAAAAAAGGTTTCTGCATCGTGGAA
GCATTTGACCCAGAGTGGAACGCGTGGCCTATGCAGGTGGATTCCT
TCAGGTCTTTCCTTTGGTTCTTTGAGCATCTTTGCTTTCATTCGTCTC
CCGTCTTTGGTTCTCCAGTTCAAATTATTGCAAAGTAAAGGATCTTTG
AGTAGGTTCGGTCTGAAAGGTGTGGCCTTTATATTTGATCCACACAC
GTTGGTCTTTTAACCGTGCTGAGCAGAAAACAAAACAGGTTAAGAAG
AGCCGGGTGGCAGCTGACAGAGGAAGCCGCTCAAATACCTTCACAA
TAAATAGTGGCAATATATATATAGTTTAAGAAGGCTCTCCATTTGGCA
TCGTTTAATTTATATGTTATGTTCTAAGCACAGCTCTCTTCTCCTATTT
TCATCCTGCAAGCAACTCAAAATATTTAAAATAAAGTTTACATTGTAG
TTATTTTCAAATCTTTGCTTGATAAGTATTAAGAAATATTGGACTTGCT
GCCGTAATTTAAAGCTCTGTTGATTTTGTTTCCGTTTGGATTTTTGGG
GGAGGGGAGCACTGTGTTTATGCTGGAATATGAAGTCTGAGACCTT
CCGGTGCTGGGAACACACAAGAGTTGT TGAAAGT TGACAAGCAGAC
TGCGCATGTCTCTGATGCTTTGTATCATTCTTGAGCAATCGCTCGGT
CCGTGGACAATAAACAGTATTATCAAAGAGAAAAAAAAAAAAAAAAA

[0294]

Having described the invention in detail and by
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defined in the appended claims. More specifically, although

reference to specific aspects and/or embodiments thereof, it
will be apparent that modifications and variations are pos-
sible without departing from the scope of the invention

some aspects of the present invention may be identified
herein as particularly advantageous, it is contemplated that
the present invention is not limited to these particular
aspects of the invention.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 67

<210> SEQ ID NO 1

<211> LENGTH: 1071

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Luciferase

<400> SEQUENCE: 1

atgccagagc cagcgaagtc tgctcccgec ccgaaaaagg gctccaagaa
aaggcgcaga agaaaggcgg caagaagcgce aagcgcagcec gcaaggagag
tatgtgtaca aggttctgaa gcaggtccac cctgacaccg gcatttegte
ggcatcatga actcgtttgt gaacgacatt ttcgagcgca tcgcaggtga
ctggcgcatt acaacaagcg ctcgaccatc acctccaggg agatccagac
ctgctgcetge ctggggagtt ggccaagcac gecgtgtceg agggtactaa
aagtacacca gcgctaagga tccaccggtc gccaccatgg cctectccga
aaggagttca tgcgcttcaa ggtgcgcatg gagggctceg tgaacggcca
atcgagggeg agggcgaggg ccgcccctac gagggcacce agaccgccaa
accaagggcg gccccctgee cttegectgg gacatcctgt cccctcagtt
tccaaggcect acgtgaagca ccccgecgac atccccgact acttgaaget
gagggcttca agtgggagcg cgtgatgaac ttcgaggacg gcggcegtggt
caggactcct ccctgcagga cggcgagttce atctacaagg tgaagctgceg
ttccecteceg acggccccgt aatgcagaag aagaccatgg gctgggaggce
cggatgtacc ccgaggacgg cgccctgaag ggcgagatca agatgaggcet
gacggcggece actacgacgce cgaggtcaag accacctaca tggccaagaa
ctgcececggeg cctacaagac cgacatcaag ctggacatca ccteccacaa
accatcgtgg aacagtacga gcgcgccgag ggccgcecact ccaccggegc
<210> SEQ ID NO 2

<211> LENGTH: 1648

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: H2B-RFP

<400> SEQUENCE: 2

atggaagacg ccaaaaacat aaagaaaggc ccggcgccat tctatceget
accgctggag agcaactgca taaggctatg aagagatacg ccctggttcece
gcttttacag atgcacatat cgaggtggac atcacttacg ctgagtactt
gttecggttgg cagaagctat gaaacgatat gggctgaata caaatcacag
tgcagtgaaa actctcttca attctttatg ccggtgttgg gcgegttatt
gcagttgege ccgcgaacga catttataat gaacgtgaat tgctcaacag
tcgcagecta cecgtggtgtt cgtttccaaa aaggggttge aaaaaatttt

aaaaagctcce caatcatcca aaaaattatt atcatggatt ctaaaacgga

tttcagtcega tgtacacgtt cgtcacatct catctaccte ccggttttaa

ggcggtgact
ctattccatce
caaggccatg
ggcttecege
ggecgtgege
ggccatcace
ggacgtcate
cgagttcgag
gctgaaggtg
ccagtacgge
gtcettecce
gaccgtgace
cggcaccaac
ctccaccgag
gaagctgaag
gecegtgeag
cgaggactac

C

ggaagatgga
tggaacaatt
cgaaatgtcce
aatcgtcgta
tatcggagtt
tatgggcatt
gaacgtgcaa
ttaccaggga

tgaatacgat

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1071

60

120

180

240

300

360

420

480

540
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tttgtgccag agtccttcga tagggacaag acaattgcac tgatcatgaa ctcctctgga 600
tctactggte tgcctaaagg tgtcgetetg cctcatagaa ctgectgegt gagattceteg 660
catgccagag atcctatttt tggcaatcaa atcattcegg atactgcgat tttaagtgtt 720
gttccattee atcacggttt tggaatgttt actacactcg gatatttgat atgtggattt 780
cgagtegtet taatgtatag atttgaagaa gagcetgttte tgaggagect tcaggattac 840
aagattcaaa gtgcgctgct ggtgccaacce ctattctect tettegccaa aagcactcetg 900
attgacaaat acgatttatc taatttacac gaaattgctt ctggtggege tccectetet 960

aaggaagtcg gggaagcggt tgccaagagg ttccatctge caggtatcag gcaaggatat 1020
gggctcactyg agactacatc agctattctg attacacceg agggggatga taaaccgggce 1080
gcggtcggta aagttgttce attttttgaa gcgaaggttg tggatctgga taccgggaaa 1140
acgctgggceg ttaatcaaag aggcgaactg tgtgtgagag gtcctatgat tatgtccggt 1200
tatgtaaaca atccggaagc gaccaacgcce ttgattgaca aggatggatg gctacattct 1260
ggagacatag cttactggga cgaagacgaa cacttcttca tcgttgaccg cctgaagtcet 1320
ctgattaagt acaaaggcta tcaggtggct cccgctgaat tggaatccat cttgctccaa 1380
caccccaaca tcttecgacge aggtgtcecgca ggtcecttececg acgatgacgce cggtgaactt 1440
ccegecgecg ttgttgtttt ggagcacgga aagacgatga cggaaaaaga gatcgtggat 1500
tacgtcgecca gtcaagtaac aaccgcgaaa aagttgcgceg gaggagttgt gtttgtggac 1560
gaagtaccga aaggtcttac cggaaaactc gacgcaagaa aaatcagaga gatcctcata 1620
aaggccaaga agggcggaaa gatcgcecg 1648
<210> SEQ ID NO 3

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: gRNA expression cassette forward primer

<400> SEQUENCE: 3

aaggaaaaaa gcggccgetg tacaaaaaag cagg 34
<210> SEQ ID NO 4

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: gRNA expression cassette reverse primer

<400> SEQUENCE: 4

ggaattctaa tgccaacttt gtac 24

<210> SEQ ID NO 5

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Rosa26-targeting gRNA forward primer 1

<400> SEQUENCE: 5

acaccggcag gcttaaaggce taaccg 26

<210> SEQ ID NO 6
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<211>
<212>
<213>
<220>
<223>

<400>

LENGTH: 26

TYPE: DNA

ORGANISM: Unknown

FEATURE:

OTHER INFORMATION: Rosa26-targeting gRNA reverse primer 1

SEQUENCE: 6

aaaacggtta gcctttaage ctgeeg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 7

LENGTH: 26

TYPE: DNA

ORGANISM: Unknown

FEATURE:

OTHER INFORMATION: Rosa26-targeting gRNA forward primer 2

SEQUENCE: 7

acaccgagga caacgcccac acacceg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 8

LENGTH: 26

TYPE: DNA

ORGANISM: Unknown

FEATURE:

OTHER INFORMATION: Rosa26-targeting gRNA reverse primer 2

SEQUENCE: 8

aaaacggtgt gtgggegttg tecteg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 9

LENGTH: 26

TYPE: DNA

ORGANISM: Unknown

FEATURE:

OTHER INFORMATION: AAVSl-targeting gRNA forward primer 1

SEQUENCE: 9

acaccgtcac caatcctgte cctagg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 10

LENGTH: 26

TYPE: DNA

ORGANISM: Unknown

FEATURE:

OTHER INFORMATION: AAVSl-targeting gRNA reverse primer 1

SEQUENCE: 10

aaaacctagg gacaggattg gtgacg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 11

LENGTH: 26

TYPE: DNA

ORGANISM: Unknown

FEATURE:

OTHER INFORMATION: AAVSl-targeting gRNA forward primer 2

SEQUENCE: 11

acaccgecce acagtgggge cactag

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 12
LENGTH: 26

TYPE: DNA
ORGANISM: Unknown
FEATURE:

26

26

26

26

26

26
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<223> OTHER INFORMATION: AAVSl-targeting gRNA reverse primer 2

<400>

aaaactagtyg gccccactgt ggggeg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQUENCE :

SEQ ID NO
LENGTH: 50
TYPE: DNA

ORGANISM: Unknown

FEATURE:

OTHER INFORMATION: Rosa26 targeting vector forward primer 1

SEQUENCE :

12

13

13

gactagtgaa ttcggatcct taattaagge ctecgegeeg ggttttggeg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO
LENGTH: 47
TYPE: DNA

ORGANISM: Unknown

FEATURE:

OTHER INFORMATION: Rosa26 targeting vector reverse primer 1

SEQUENCE :

14

14

gactagtcce gggggatcca ceggtcagga acaggtggtg geggecc

<210>
<211>
<212>
<213>
<220>
<223>

<400>

cgggatccac cggtgaggge agaggaagec ttctaac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

tcecccegggt acaaaatcag aaggacaggg aag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

ggaattcaat aaaatatctt tattttcatt acatc

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO
LENGTH: 37
TYPE: DNA

ORGANISM: Unknown

FEATURE:

OTHER INFORMATION: Rosa26 targeting vector forward primer 2

SEQUENCE :

SEQ ID NO
LENGTH: 33
TYPE: DNA

ORGANISM: Unknown

FEATURE:

OTHER INFORMATION: Rosa26 targeting vector reverse primer 2

SEQUENCE :

SEQ ID NO
LENGTH: 35
TYPE: DNA

ORGANISM: Unknown

FEATURE:

OTHER INFORMATION: Rosa26 targeting vector forward primer 3

SEQUENCE :

SEQ ID NO
LENGTH: 59
TYPE: DNA

ORGANISM: Unknown

FEATURE:

OTHER INFORMATION: Rosa26 targeting vector reverse primer 3

SEQUENCE :

15

15

16

16

17

17

18

18

26

50

47

37

33

35
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ccttaattaa ggatccacge gtgtttaaac accggtttta cgagggtagg aagtggtac

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 19

LENGTH: 37

TYPE: DNA

ORGANISM: Unknown

FEATURE:

OTHER INFORMATION: AAVS1 targeting vector constructed with AAVS1
hPGK-PuroR-pA donor forward primer 1

<400>

SEQUENCE: 19

cccaagette tcegagttggg gttgegectt ttcecaag

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 20

LENGTH: 31

TYPE: DNA

ORGANISM: Unknown

FEATURE:

OTHER INFORMATION: AAVS1 targeting vector constructed with AAVS1
hPGK-PuroR-pA donor reverse primer 1

<400> SEQUENCE: 20

cccaagcette catagagece accgeatcee ¢

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 21

LENGTH: 44

TYPE: DNA

ORGANISM: Unknown

FEATURE:

OTHER INFORMATION: AAVS1 targeting vector constructed with AAVS1
hPGK-PuroR-pA donor forward primer 2

<400>

SEQUENCE: 21

cagggtctag acgccggate cggtaccctg tgecttcetag ttge

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 22

LENGTH: 37

TYPE: DNA

ORGANISM: Unknown

FEATURE:

OTHER INFORMATION: AAVS1 targeting vector constructed with AAVS1
hPGK-PuroR-pA donor reverse primer 2

<400> SEQUENCE: 22

ggatceggeg tctagaccet ggggagagag gteggtg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 23

LENGTH: 37

TYPE: DNA

ORGANISM: Unknown

FEATURE:

OTHER INFORMATION: AAVS1 targeting vector constructed with AAVS1
hPGK-PuroR-pA donor forward primer 3

<400> SEQUENCE: 23

ccgctegaga ataaaatate tttatttteca ttacatce

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 24

LENGTH: 30

TYPE: DNA

ORGANISM: Unknown

FEATURE:

OTHER INFORMATION: AAVS1 targeting vector constructed with AAVS1
hPGK-PuroR-pA donor reverse primer 3

59

37

31

44

37

37
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<400> SEQUENCE: 24

getctagace aagtgacgat cacagcgatc

<210> SEQ ID NO 25
<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Unknown
<220> FEATURE:

30

<223> OTHER INFORMATION: Genotyping primer for CRISPR mediated knockin

#1
<400> SEQUENCE: 25

gagctgggac caccttatat te

<210> SEQ ID NO 26
<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Unknown
<220> FEATURE:

22

<223> OTHER INFORMATION: Genotyping primer for CRISPR mediated knockin

#2
<400> SEQUENCE: 26

ggtgcatgac ccgcaag

<210> SEQ ID NO 27
<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Unknown
<220> FEATURE:

17

<223> OTHER INFORMATION: Genotyping primer for CRISPR mediated knockin

#3
<400> SEQUENCE: 27
gagagatggc tccaggaaat g
<210> SEQ ID NO 28
<211> LENGTH: 2391
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: CFP/YFP
mutant of GGBP
<400> SEQUENCE: 28
atggtgagca agggcgagga gctgttcacc
ggcgacgtaa acggccacaa gttcagcegtg
ggcaagctga ccctgaagtt catctgcacc
ctcgtgacca ccctgacctg gggcegtgcag
cagcacgact tcttcaagtc cgccatgccc
ttcaaggacg acggcaacta caagacccgc
gtgaaccgca tcgagctgaa gggcatcgac
aagctggagt acaactacat cagccacaac
ggcatcaagg ccaacttcaa gatccgccac

gaccactacc agcagaacac ccccatcgge

tacctgagca cccagteege cctgagcaaa

FRET sensor with A213R/L238S double

ggggtggtge

tccggcgagg

accggcaage

tgcttcagee

gaaggctacyg

geccgaggtga

ttcaaggagyg

gtctatatca

aacatcgagg

gacggccecyg

gaccccaacyg

ccatcectggt

dcgagggcga

tgccegtgee

gctacccega

tccaggageg

agttcgaggg

acggcaacat

ccgecgacaa

acggcagegt

tgctgetgee

agaagcgcga

cgagctggac

tgccacctac

ctggececace

ccacatgaag

caccatctte

cgacaccctyg

cctggggeac

gcagaagaac

gecagctegece

cgacaaccac

tcacatggtce

21

60

120

180

240

300

360

420

480

540

600

660
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ctgctggagt tcgtgaccge cgccgggatce actcteggeca tggacgagcet gtacaagggt 720
ggtaccggag gcgccgctga tactcgcatt ggtgtaacaa tctataagta cgacgataac 780
tttatgtctg tagtgcgcaa ggctattgag caagatgcga aagccgcgcec agatgttcag 840
ctgctgatga atgattctca gaatgaccag tccaagcaga acgatcagat cgacgtattg 900
ctggcgaaag gggtgaaggce actggcaatc aacctggttg acceggcagce tgcgggtacg 960

gtgattgaga aagcgcgtgg gcaaaacgtg ccggtggttt tcettcaacaa agaaccgtct 1020
cgtaaggcgce tggatagcta cgacaaagcce tactacgttg gcactgactce caaagagtcc 1080
ggcattattc aaggcgattt gattgctaaa cactgggcgg cgaatcaggg ttgggatctg 1140
aacaaagacg gtcagattca gttcgtactg ctgaaaggtg aaccgggcca tccggatgca 1200
gaagcacgta ccacttacgt gattaaagaa ttgaacgata aaggcatcaa aactgaacag 1260
ttacagttag ataccgcaat gtgggacacc gctcaggcga aagataagat ggacgcctgg 1320
ctgtctggece cgaacgccaa caaaatcgaa gtggttatcg ccaacaacga tcggatggca 1380
atgggcgegg ttgaagcgct gaaagcacac aacaagtcca gcattccggt gtttggegtce 1440
gatgcgtege cagaagcgct ggegctggtg aaatceggtg cactggeggg caccgtactg 1500
aacgatgcta acaaccaggc gaaagcgacce tttgatctgg cgaaaaacct ggccgatggt 1560
aaaggtgcgg ctgatggcac caactggaaa atcgacaaca aagtggtccg cgtaccttat 1620
gttggcgtag ataaagacaa cctggctgaa ttcagcaaga aaggcgccgg taccggtgga 1680
atggtgagca agggcgagga gctgttcacce ggggtggtge ccatcctggt cgagctggac 1740
ggcgacgtaa acggccacaa gttcagegtg tccggegagg gegagggcega tgccacctac 1800
ggcaagctga ccctgaagtt catctgcacce accggcaage tgcccgtgec ctggeccacce 1860
ctcgtgacca cctteggeta cggcectgcag tgcttecgece gectaccccga ccacatgaag 1920
cagcacgact tcttcaagtc cgccatgcce gaaggctacg tccaggagceg caccatctte 1980
ttcaaggacg acggcaacta caagacccgce gecgaggtga agttcgaggyg cgacaccctg 2040
gtgaaccgca tcgagctgaa gggcatcgac ttcaaggagg acggcaacat cctggggeac 2100
aagctggagt acaactacaa cagccacaac gtctatatca tggccgacaa gcagaagaac 2160
ggcatcaagyg tgaacttcaa gatccgccac aacatcgagg acggcagegt gcagetcgece 2220
gaccactacc agcagaacac ccccatcgge gacggeccceg tgctgcetgec cgacaaccac 2280
tacctgaget accagtccge cctgagcaaa gaccccaacyg agaagcgcga tcacatggte 2340
ctgctggagt tecgtgaccge cgccgggatce actctcecggca tggacgagcect g 2391
<210> SEQ ID NO 29

<211> LENGTH: 4146

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Cas9 D10A

<400> SEQUENCE: 29

gccaccatgg acaagaagta ctccattggyg ctegetateg gcacaaacag cgteggetgg 60
gecgtcatta cggacgagta caaggtgccyg agcaaaaaat tcaaagttet gggcaatacc 120
gatcgccaca gcataaagaa gaacctcatt ggegecctee tgttegacte cggggagacyg 180

gecgaageca cgeggctcaa aagaacagca cggcgcagat atacccgcayg aaagaatcgg 240
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atctgctacc tgcaggagat ctttagtaat gagatggcta aggtggatga ctctttette 300
cataggctgg aggagtcctt tttggtggag gaggataaaa agcacgagcyg ccacccaatc 360
tttggcaata tcgtggacga ggtggcgtac catgaaaagt acccaaccat atatcatctg 420
aggaagaagc ttgtagacag tactgataag gctgacttge ggttgatcta tctegegetg 480
gcgcatatga tcaaatttcg gggacacttc ctcatcgagg gggacctgaa cccagacaac 540
agcgatgtceg acaaactctt tatccaactg gttcagactt acaatcagct tttecgaagag 600
aacccgatca acgcatccgg agttgacgcc aaagcaatcce tgagcgctag gectgtccaaa 660
tcceggegge tcgaaaacct catcgcacag ctccctgggg agaagaagaa cggectgttt 720
ggtaatctta tcgeccctgte actcgggetg acccccaact ttaaatctaa cttcgacctg 780
gccgaagatg ccaagcttca actgagcaaa gacacctacg atgatgatct cgacaatctg 840
ctggcccaga tcggcgacca gtacgcagac ctttttttgg cggcaaagaa cctgtcagac 900
gccattectge tgagtgatat tctgcgagtg aacacggaga tcaccaaagc tccgctgage 960

gctagtatga tcaagcgcta tgatgagcac caccaagact tgactttgct gaaggccectt 1020
gtcagacagc aactgcctga gaagtacaag gaaattttcet tcgatcagtc taaaaatggce 1080
tacgccggat acattgacgg cggagcaagc caggaggaat tttacaaatt tattaagccc 1140
atcttggaaa aaatggacgg caccgaggag ctgctggtaa agcttaacag agaagatctg 1200
ttgcgcaaac agcgcacttt cgacaatgga agcatccccce accagattca cctgggcgaa 1260
ctgcacgcta tcctcaggceg gcaagaggat ttctaccect ttttgaaaga taacagggaa 1320
aagattgaga aaatcctcac atttcggata ccctactatg taggccccct cgcccgggga 1380
aattccagat tcgcgtggat gactcgcaaa tcagaagaga ccatcactcce ctggaacttce 1440
gaggaagtcg tggataaggg ggcctctgece cagtceccttceca tcgaaaggat gactaacttt 1500
gataaaaatc tgcctaacga aaaggtgctt cctaaacact ctcectgctgta cgagtacttce 1560
acagtttata acgagctcac caaggtcaaa tacgtcacag aagggatgag aaagccagca 1620
ttectgtetyg gagagcagaa gaaagctatc gtggacctcece tettcaagac gaaccggaaa 1680
gttaccgtga aacagctcaa agaagactat ttcaaaaaga ttgaatgttt cgactctgtt 1740
gaaatcagcg gagtggagga tcgcttcaac gcatcecctgg gaacgtatca cgatctectg 1800
aaaatcatta aagacaagga cttcctggac aatgaggaga acgaggacat tcttgaggac 1860
attgtcctca ceccttacgtt gtttgaagat agggagatga ttgaagaacg cttgaaaact 1920
tacgctcatc tcttcgacga caaagtcatg aaacagctca agaggcgccg atatacagga 1980
tgggggcgge tgtcaagaaa actgatcaat gggatccgag acaagcagag tggaaagaca 2040
atcctggatt ttcttaagtc cgatggattt gccaaccgga acttcatgca gttgatccat 2100
gatgactctc tcacctttaa ggaggacatc cagaaagcac aagtttctgg ccagggggac 2160
agtcttcacg agcacatcgce taatcttgca ggtagcccag ctatcaaaaa gggaatactg 2220
cagaccgtta aggtcgtgga tgaactcgtc aaagtaatgg gaaggcataa gcccgagaat 2280
atcgttateg agatggcccg agagaaccaa actacccaga agggacagaa gaacagtagg 2340
gaaaggatga agaggattga agagggtata aaagaactgg ggtcccaaat ccttaaggaa 2400
cacccagttg aaaacaccca gcttcagaat gagaagctct acctgtacta cctgcagaac 2460

ggcagggaca tgtacgtgga tcaggaactg gacatcaatc ggctctccga ctacgacgtg 2520
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gatcatatcg tgccccagte ttttctcaaa gatgattcta ttgataataa agtgttgaca 2580
agatccgata aaaatagagg gaagagtgat aacgtcccect cagaagaagt tgtcaagaaa 2640
atgaaaaatt attggcggca gctgctgaac gccaaactga tcacacaacg gaagttcgat 2700
aatctgacta aggctgaacg aggtggcctg tctgagttgg ataaagccgg cttcatcaaa 2760
aggcagcttg ttgagacacg ccagatcacc aagcacgtgg cccaaattct cgattcacgce 2820
atgaacacca agtacgatga aaatgacaaa ctgattcgag aggtgaaagt tattactctg 2880
aagtctaagc tggtctcaga tttcagaaag gactttcagt tttataaggt gagagagatc 2940
aacaattacc accatgcgca tgatgcctac ctgaatgcag tggtaggcac tgcacttatc 3000
aaaaaatatc ccaagcttga atctgaattt gtttacggag actataaagt gtacgatgtt 3060
aggaaaatga tcgcaaagtc tgagcaggaa ataggcaagg ccaccgctaa gtacttcettt 3120
tacagcaata ttatgaattt tttcaagacc gagattacac tggccaatgg agagattcgg 3180
aagcgaccac ttatcgaaac aaacggagaa acaggagaaa tcgtgtggga caagggtagg 3240
gatttcgecga cagtccggaa ggtectgtcecce atgccgcagg tgaacatcgt taaaaagacce 3300
gaagtacaga ccggaggctt ctccaaggaa agtatcctce cgaaaaggaa cagcgacaag 3360
ctgatcgcac gcaaaaaaga ttgggacccce aagaaatacg gcggattcga ttctcectaca 3420
gtcgcttaca gtgtactggt tgtggccaaa gtggagaaag ggaagtctaa aaaactcaaa 3480
agcgtcaagg aactgetggg catcacaatce atggagcgat caagcttcga aaaaaaccce 3540
atcgactttc tcgaggcgaa aggatataaa gaggtcaaaa aagacctcat cattaagcett 3600
cccaagtact ctctectttga gettgaaaac ggccggaaac gaatgctcge tagtgcgggce 3660
gagctgcaga aaggtaacga gctggcactg ccctctaaat acgttaattt cttgtatcetg 3720
gccagccact atgaaaagct caaagggtct cccgaagata atgagcagaa gcagctgttce 3780
gtggaacaac acaaacacta ccttgatgag atcatcgagc aaataagcga attctccaaa 3840
agagtgatcc tcgccgacgce taacctcgat aaggtgcettt ctgcttacaa taagcacagg 3900
gataagccca tcagggagca ggcagaaaac attatccact tgtttactct gaccaacttg 3960
ggcgecgecetyg cagecttcaa gtacttcecgac accaccatag acagaaagcg gtacacctcet 4020
acaaaggagg tcctggacgc cacactgatt catcagtcaa ttacggggct ctatgaaaca 4080
agaatcgacce tctctcaget cggtggagac agcagggctyg accccaagaa gaagaggaag 4140
gtgtga 4146
<210> SEQ ID NO 30

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Rosa2é6 gRNAL

<400> SEQUENCE: 30

ggcaggctta aaggctaacc tgg 23

<210> SEQ ID NO 31

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Rosa26 gRNA2
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<400> SEQUENCE: 31

gactggagtt gcagatcacg agg

<210> SEQ ID NO 32

<211> LENGTH: 7695

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Rosa26 targeting vector
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (195)..(195)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (230)..(230)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (380)..(380)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3724)..(3724)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (4213)..(4213)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (4297)..(4297

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (4874)..(4874)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (4931)..(4931

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (4953)..(4953)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (4993)..(4993)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (5644)..(5644)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (6667)..(6667

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (6769)..(6769

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (7147)..(7147)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (7562)..(7562)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 32

cegeggeagyg cectecgage gtggtggage cgttetgtga gacagecggg tacgagtegt

23

60
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gacgctggaa ggggcaagceg ggtggtggge aggaatgegg tccgecctge agcaaccgga 120
gggggaggga gaagggagcg gaaaagtcte caccggacgc ggecatgget cggggggggy 180
ggggcagegg aggancgctt ceggecgacyg tctegteget gattggettn ttttectece 240
geegtgtgty aaaacacaaa tggegtgttt tggttggegt aaggegectyg tcagttaacyg 300
gecagceggag tgegcageeg ceggcagect cgetcetgece actgggtggyg gegggaggta 360

ggtggggtga ggcgagctgn acgtgcggge gcggtceggee tcetggegggg cgggggagyy 420

gagggagggt cagcgaaagt agctcgegeyg cgagceggecg cccaccctece ccttectetg 480
ggggagtegt tttaccegec gecggeceggyg cctegtegte tgattggete teggggecca 540
gaaaactggce ccttgccatt ggctcegtgtt cgtgcaagtt gagtccatcce geecggecage 600
gggggeggeyg aggaggceget cccaggttee ggecctecee teggeccege gecgeagagt 660

ctggecgege gecectgege aacgtggeag gaagegegeg ctgggggegy ggacgggcag 720
tagggctgag cggctgeggyg gegggtgcaa geacgtttece gacttgagtt gectcaagag 780
gggegtgetyg agccagacct ccatcgegca cteceggggag tggagggaag gagcegaggge 840
tcagttggge tgttttggag gcaggaagca cttgctctece caaagtceget ctgagttgtt 900
atcagtaagg gagctgcagt ggagtaggcg gggagaagge cgcaccctte tccggagggg 960
ggaggggagt gttgcaatac ctttctggga gttctctget gectectgge ttetgaggac 1020
cgeccctggge ctgggagaat cccttgeccce ctettecect cgtgatctge aactccagtce 1080
tttctagtga attcggatcc ttaattaagg ccteccgegece gggttttgge gectceccgeg 1140
ggegeccceee tectecacgge gagegetgece acgtcagacyg aagggcegcag cgagegtect 1200
gatcctteeg cccggacgct caggacagcg gcccgcectget cataagactce ggecttagaa 1260
ccecagtate agcagaagga cattttagga cgggacttgg gtgactctag ggcactggtt 1320
ttectttecag agagcggaac aggcgaggaa aagtagtceccce ttctecggcga ttectgcggag 1380
ggatctcegt ggggcggtga acgccgatga ttatataagg acgcgcecggg tgtggcacag 1440
ctagttecegt cgcagccggg atttgggtcg cggttcecttgt ttgtggatcg ctgtgatcegt 1500
cacttggtct agacgccacc atggtgtcca agggcgagga ggtgatcaag gagttcatgce 1560
gcttcaaggt gegecatggag ggctccatga acggccacga gttcegagatce gagggcgagyg 1620
gegagggeeyg ccectacgag ggcacccaga ccgccaaget gaaggtgacce aagggcggec 1680
ccetgeectt cgectgggac atcctgtcecce cccagttcecat gtacggctece aaggectacg 1740
tgaagcaccce cgccgacatce cccgactaca agaagctgtce cttccccgag ggcttcaagt 1800
gggagcgegt gatgaactte gaggacggceg gectggtgac cgtgacccag gactectecce 1860
tgcaggacgg caccctgatc tacaaggtga agatgcgegyg caccaacttce cccecccgacyg 1920
geeccgtgat gcagaagaag accatgggct gggaggectce caccgagege ctgtaccccce 1980
gegacggegt gcectgaaggge gagatccacce aggccctgaa gctgaaggac ggeggccact 2040
acctggtgga gttcaagacc atctacatgg ccaagaagcc cgtgcagctg cccggctact 2100
actacgtgga caccaagctg gacatcacct cccacaacga ggactacacce atcgtggage 2160
agtacgagceg ctccgaggge cgccaccace tgttectgac cggtgaggge agaggaagcce 2220
ttctaacatg cggtgacgtyg gaggagaatc ccggccctte cgggatgacc gagtacaagc 2280

ccacggtgeg cctegecace cgecgacgacg tceccaggge cgtacgcace ctegecgecg 2340
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cgttegecga ctaccccgece acgcgecaca cegtegatece ggaccgccac atcgageggg 2400
tcaccgagct gcaagaactce ttectcacge gcgtegggcet cgacatcgge aaggtgtggg 2460
tegeggacga cggegecgeg gtggeggtet ggaccacgece ggagagegte gaageggggyg 2520
cggtgttege cgagatcgge ccgcgcatgg ccgagttgag cggttecccecgg ctggecgegce 2580
agcaacagat ggaaggcctc ctggcgecge accggceccaa ggageccgeyg tggttectgg 2640
ccacegtegg cgtctegece gaccaccagg gcaagggtet gggcagegee gtcegtgetcee 2700
ccggagtgga ggcggecgag cgcgecgggyg tgeccgectt cetggagace tccgegecce 2760
gcaacctecee cttcectacgag cggctcecgget tcaccgtcac cgccgacgtce gaggtgeccyg 2820
aaggaccgeg cacctggtge atgaccegea ageccggtge ctgaatctag gtcgacctge 2880
agaagcttgce ctcgagcagce gctgctcgag agatctacgg gtggcatcce tgtgacccect 2940
ccecagtgece tetectggece ctggaagttg ccactccagt geccaccage cttgtectaa 3000
taaaattaag ttgcatcatt ttgtctgact aggtgtcctt ctataatatt atggggtgga 3060
ggggggtggt atggagcaag gggcaagttg ggaagacaac ctgtagggcc tgcggggtcet 3120
attgggaacc aagctggagt gcagtggcac aatcttggct cactgcaatc tceccgectect 3180
gggttcaagc gattctcecctg cctcagecte ccgagttgtt gggattccag gcatgcatga 3240
ccaggctcag ctaatttttg tttttttggt agagacgggg tttcaccata ttggccaggc 3300
tggtctceccaa ctcectaatcet caggtgatct acccaccttg gectcecccaaa ttgctgggat 3360
tacaggcgtg aaccactgct cccttcecectg tecttectgat tttgtacceg ggactagaag 3420
atgggcggga gtcttctggg caggcttaaa ggctaacctg gtgtgtggge gttgtcectgce 3480
aggggaattg aacaggtgta aaattggagg gacaagactt cccacagatt ttcggttttg 3540
tcgggaagtt ttttaatagg ggcaaatagg aaaatggagg ataggagtca tctggggttt 3600
atgcagcaaa actacaggta tattgcttgt atccgcctecg gagatttcca tgaggagata 3660
aagacatgtc acccgagttt atactctcct gcttagatcce tactacagta tgaaatacag 3720
tgtngcgagg tagactatgt aagcagattt aatcatttta aagagcccag tacttcatat 3780
ccatttectce cgctecttet gcagecttat caaaaggtat ttagaacact cattttagcece 3840
ccattttcat ttattatact ggcttatcca acccctagac agagcattgg cattttcect 3900
ttcctgatcet tagaagtctg atgactcatg aaaccagaca gattagttac atacaccaca 3960
aatcgaggct gtagctgggg cctcaacact gcagttcettt tataactcct tagtacactt 4020
tttgttgatc ctttgccttg atccttaatt ttcagtgtcet atcacctcte cegtcaggtg 4080
gtgttccaca tttgggccta ttctcagtcce agggagtttt acaacaatag atgtattgag 4140
aatccaacct aaagcttaac tttccactce catgaatgcce tectctecttt ttcetceccatta 4200
taactgagct atnaccatta atggtttcag gtggatgtct cctcccccaa tatacctgat 4260
gtatctacat attgccaggc tgatatttta agacatnaaa ggtatatttc attattgagce 4320
cacatggtat tgattactgc tactaaaatt ttgtcattgt acacatctgt aaaaggtggt 4380
tcettttgga atgcaaagtt caggtgtttg ttgtctttece tgacctaagg tettgtgagce 4440
ttgtattttt tctatttaag cagtgctttc tcttggactg gecttgactca tggcattcta 4500
cacgttattg ctggtctaaa tgtgattttg ccaagcttct tcaggaccta taattttgcet 4560

tgacttgtag ccaaacacaa gtaaaatgat taagcaacaa atgtatttgt gaagcttggt 4620
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ttttaggttg ttgtgttgtyg tgtgcttgtg ctctataata atactatcca ggggctggag 4680
aggtggctcg gagttcaaga gcacagactg ctcttccaga agtcctgagt tcaattccca 4740
gcaaccacat ggtggctcac aaccatctgt aatgggatct gatgccctct tcectggtgtgt 4800
ctgaagacca caagtgtatt cacattaaat aaataatcct ccttecttcett cttttttttt 4860
ttttaaagag aatnctgtct ccagtagaat tactgaagta atgaaatact ttgtgtttgt 4920
tccaatatgg nagccaataa tcaaatactc ttnagcactg gaaatgtacc aaggaactat 4980
tttatttaag tgnactgtgg acagaggagc cataactgca gacttgtggg atacagaaga 5040
ccaatgcaga cttaatgtct tttctcttac actaagcaat aaagaaataa aaattgaact 5100
tctagtatcc tatttgttaa actgctagct ttactaactt ttgtgcttca tcectatacaaa 5160
gctgaaagcet aagtctgcag ccattactaa acatgaaagc aagtaatgat aattttggat 5220
ttcaaaaatg tagggccaga gtttagccag ccagtggtgg tgcttgcectt tatgecttaa 5280
tceccagecact ctggaggcag agacaggcag atctctgagt ttgagcccag cctggtctac 5340
acatcaagtt ctatctagga tagccaggaa tacacacaga aaccctgttg gggagggggg 5400
ctctgagatt tcataaaatt ataattgaag cattccctaa tgagccacta tggatgtggce 5460
taaatccgtce tacctttetg atgagatttg ggtattattt tttctgtcte tgetgttggt 5520
tgggtctttt gacactgtgg gcectttcttaa agectcecctte cctgccatgt ggtcectettgt 5580
ttgctactaa cttcccatgg cttaaatgge atggcttttt gecttctaag ggcagctgcet 5640
gagntttgca gcctgattte cagggtgggg ttgggaaatc tttcaaacac taaaattgtce 5700
ctttaatttt tttttaaaaa atgggttata taataaacct cataaaatag ttatgaggag 5760
tgaggtggac taatattaat gagtccctce cctataaaag agctattaag getttttgte 5820
ttatactaac ttttttttta aatgtggtat ctttagaacc aagggtctta gagttttagt 5880
atacagaaac tgttgcatcg cttaatcaga ttttctagtt tcaaatccag agaatccaaa 5940
ttcttcacag ccaaagtcaa attaagaatt tctgacttta atgttatttg ctactgtgaa 6000
tataaaatga tagcttttcc tgaggcaggg tctcactatg tatctctgecce tgatctgcaa 6060
caagatatgt agactaaagt tctgcctgct tttgtctect gaatactaag gttaaaatgt 6120
agtaatactt ttggaacttg caggtcagat tcttttatag gggacacact aagggagctt 6180
gggtgatagt tggtaaatgt gtttaagtga tgaaaacttg aattattatc accgcaacct 6240
actttttaaa aaaaaaagcc aggcctgtta gagcatgcta agggatccct aggacttget 6300
gagcacacaa gagtagtact tggcaggctc ctggtgagag catatttcaa aaaacaaggc 6360
agacaaccaa gaaactacag taaggttacc tgtctttaac catctgcata tacacaggga 6420
tattaaaata ttccaaataa tatttcattc aagttttccc ccatcaaatt gggacatgga 6480
tttcteeggt gaataggcag agttggaaac taaacaaatg ttggttttgt gatttgtgaa 6540
attgttttca agtgatagtt aaagcccatg agatacagaa caaagctgct atttcgaggt 6600
ctcttggtta tactcagaag cacttctttg ggtttcectg cactatcctg atcatgtget 6660
aggcctnect taggctgatt gttgttcaaa taacttaagt ttcctgtcag gtgatgtcat 6720
atgatttcat atatcaaggc aaaacatgtt atatatgtta aacatttgna cttaatgtga 6780
aagttaggtc tttgtgggtt ttgattttaa tttcaaaacc tgagctaaat aagtcatttt 6840

acatgtctta catttggtga attgtatatt gtggtttgca ggcaagactc tcectgacctag 6900
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taaccctect atagagcact ttgctgggtce acaagtctag gagtcaagca tttcaccttg 6960
aagttgagac gttttgttag tgtatactag ttatatgttg gaggacatgt ttatccagaa 7020
gatattcagg actatttttg actgggctaa ggaattgatt ctgattagca ctgttagtga 7080
gcattgagtg gcctttagge ttgaattgga gtcacttgta tatctcaaat aatgctggece 7140
ttttttnaaa agcccttgtt ctttatcacc ctgttttcecta cataattttt gttcaaagaa 7200
atacttgttt ggatctcctt ttgacaacaa tagcatgttt tcaagccata ttttttttce 7260
tttttttttt tttttttggt ttttcgagac agggtttcectce tgtatagcce tggctgtect 7320
ggaactcact ttgtagacca ggctggcctc gaactcagaa atccgcctgce ctetgectece 7380
tgagtgccgg gattaaaggc gtgcaccacc acgcctggct aagttggata ttttgtatat 7440
aactataacc aatactaact ccactgggtg gatttttaat tcagtcagta gtcttaagtg 7500
gtctttattg gcccttatta aaatctactg ttcactctaa cagaggctgt tggactagtg 7560
gnactaagca acttcctacg gatatactag cagataaggg tcagggatag aaactagtct 7620
agcgttttgt atacctacca gcttatacta ccttgttcetg atagaaatat ttaggacatc 7680

tagcttatceg atccg 7695

<210> SEQ ID NO 33

<211> LENGTH: 9435

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Rosa2é targeting vector with GGBP
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (195)..(195)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (230)..(230)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (380)..(380)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (5464)..(5464)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (5953)..(5953)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (6037)..(6037

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (6614)..(6614)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (6671)..(6671

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (6693)..(6693)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (6733)..(6733)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
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<221> NAME/KEY: misc_feature
<222> LOCATION: (7384)..(7384)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (8407)..(8407
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (8509)..(8509
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (8887)..(8887
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (9302)..(9302)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<400> SEQUENCE: 33
ccgeggecagg coctccgage gtggtggage cgttctgtga gacagcecggg tacgagtegt 60

gacgctggaa ggggcaagceg ggtggtggge aggaatgegg tccgecctge agcaaccgga 120
gggggaggga gaagggagcg gaaaagtcte caccggacgc ggecatgget cggggggggy 180
ggggcagegg aggancgctt ceggecgacyg tctegteget gattggettn ttttectece 240
geegtgtgty aaaacacaaa tggegtgttt tggttggegt aaggegectyg tcagttaacyg 300
gecagceggag tgegcageeg ceggcagect cgetcetgece actgggtggyg gegggaggta 360

ggtggggtga ggcgagctgn acgtgcggge gcggtceggee tcetggegggg cgggggagyy 420

gagggagggt cagcgaaagt agctcgegeyg cgagceggecg cccaccctece ccttectetg 480
ggggagtegt tttaccegec gecggeceggyg cctegtegte tgattggete teggggecca 540
gaaaactggce ccttgccatt ggctcegtgtt cgtgcaagtt gagtccatcce geecggecage 600
gggggeggeyg aggaggceget cccaggttee ggecctecee teggeccege gecgeagagt 660

ctggeegege geccctgege aacgtggeag gaagegegeg ctgggggegyg ggacgggeag 720
tagggctgag cggctgeggg gegggtgeaa geacgtttee gacttgagtt gectcaagag 780
gggegtgetyg agccagacct ccatcgegea ctecggggag tggagggaag gagegaggge 840
tcagttggge tgttttggag gcaggaagca cttgetetec caaagteget ctgagttgtt 900

atcagtaagg gagctgcagt ggagtaggcg gggagaagge cgcaccctte tccggagggg 960
ggaggggagt gttgcaatac ctttctggga gttctctget gectectgge ttetgaggac 1020
cgeccctggge ctgggagaat cccttgeccce ctettecect cgtgatctge aactccagtce 1080
tttctagtga attcggatcc ttaattaagg ccteccgegece gggttttgge gectceccgeg 1140
ggegeccceee tectecacgge gagegetgece acgtcagacyg aagggcegcag cgagegtect 1200
gatcctteeg cccggacgct caggacagcg gcccgcectget cataagactce ggecttagaa 1260
ccecagtate agcagaagga cattttagga cgggacttgg gtgactctag ggcactggtt 1320
ttectttecag agagcggaac aggcgaggaa aagtagtceccce ttctecggcga ttectgcggag 1380
ggatctcegt ggggcggtga acgccgatga ttatataagg acgcgcecggg tgtggcacag 1440
ctagttecegt cgcagccggg atttgggtcg cggttcecttgt ttgtggatcg ctgtgatcegt 1500
cacttggtct agaggatccg ggccgcatgg tgagcaaggg cgaggagctg ttcaccgggg 1560

tggtgcccat cctggtcgag ctggacggcg acgtaaacgg ccacaagttce agecgtgtecg 1620
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gcgagggcega gggcgatgee acctacggca agctgaccct gaagttcatce tgcaccaccy 1680
gcaagctgece cgtgcecctgg cccacccteg tgaccaccet gacctggggce gtgcagtget 1740
tcagecegeta ccccgaccac atgaagcage acgacttcett caagtccgece atgeccgaag 1800
gctacgteca ggagcgcace atcttcecttca aggacgacgg caactacaag acccgcgecyg 1860
aggtgaagtt cgagggcgac accctggtga accgcatcga gctgaagggce atcgacttca 1920
aggaggacgg caacatcctg gggcacaagce tggagtacaa ctacatcage cacaacgtct 1980
atatcaccge cgacaagcag aagaacggca tcaaggccaa cttcaagatc cgccacaaca 2040
tcgaggacgg cagcegtgcag ctegcecgacce actaccagea gaacacccecece atcggegacyg 2100
geecegtget getgeccgac aaccactacce tgagcaccca gtccgecctg agcaaagacce 2160
ccaacgagaa gcgcgatcac atggtcecctge tggagttegt gaccgccgece gggatcactce 2220
tcggcatgga cgagctgtac aagggtggta ccggaggcege cgctgatact cgcattggtg 2280
taacaatcta taagtacgac gataacttta tgtctgtagt gcgcaaggct attgagcaag 2340
atgcgaaagc cgcgccagat gttcagectge tgatgaatga ttctcagaat gaccagtcca 2400
agcagaacga tcagatcgac gtattgetgg cgaaaggggt gaaggcactyg gcaatcaacce 2460
tggttgaccce ggcagctgeg ggtacggtga ttgagaaagc gcgtgggcaa aacgtgccgg 2520
tggttttectt caacaaagaa ccgtctecgta aggcgctgga tagctacgac aaagcctact 2580
acgttggcac tgactccaaa gagtccggca ttattcaagg cgatttgatt gctaaacact 2640
gggcggcgaa tcagggttgg gatctgaaca aagacggtca gattcagttc gtactgcectga 2700
aaggtgaacc gggccatccg gatgcagaag cacgtaccac ttacgtgatt aaagaattga 2760
acgataaagg catcaaaact gaacagttac agttagatac cgcaatgtgg gacaccgctce 2820
aggcgaaaga taagatggac gcctggetgt ctggcccgaa cgccaacaaa atcgaagtgg 2880
ttatcgccaa caacgatcgg atggcaatgg gegeggttga agcgctgaaa gcacacaaca 2940
agtccagcat tccggtgttt ggcgtcgatg cgtegccaga agcgctggeg ctggtgaaat 3000
ceggtgecact ggcgggcace gtactgaacg atgctaacaa ccaggcgaaa gcgacctttg 3060
atctggcgaa aaacctggcec gatggtaaag gtgcggctga tggcaccaac tggaaaatcg 3120
acaacaaagt ggtccgcgta ccttatgttg gcgtagataa agacaacctg gctgaattca 3180
gcaagaaagyg cgccggtace ggtggaatgg tgagcaaggg cgaggagetg ttcaccgggyg 3240
tggtgcccat cctggtcgag ctggacggcg acgtaaacgg ccacaagttce agecgtgtecg 3300
gcgagggcega gggcgatgee acctacggca agctgaccct gaagttcatce tgcaccaccy 3360
gcaagctgece cgtgcecctgg cccacccteg tgaccacctt cggctacggce ctgcagtget 3420
tegecegeta ccccgaccac atgaagcage acgacttett caagtccgece atgeccgaag 3480
gctacgteca ggagcgcace atcttcecttca aggacgacgg caactacaag acccgcgecyg 3540
aggtgaagtt cgagggcgac accctggtga accgcatcga gctgaagggce atcgacttca 3600
aggaggacgg caacatcctg gggcacaagce tggagtacaa ctacaacagce cacaacgtct 3660
atatcatggc cgacaagcag aagaacggca tcaaggtgaa cttcaagatc cgccacaaca 3720
tcgaggacgg cagcegtgcag ctegcecgacce actaccagea gaacacccecece atcggegacyg 3780
geeeegtget getgeccgac aaccactacce tgagctacca gtccgecctg agcaaagacce 3840

ccaacgagaa gcgcgatcac atggtcecctge tggagttegt gaccgccgece gggatcactce 3900
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tcggecatgga cgagetgtac aagggaggtg geggaagete cggtgaggge agaggaagcce 3960
ttctaacatg cggtgacgtyg gaggagaatc ccggccctte cgggatgacc gagtacaagc 4020
ccacggtgeg cctegecace cgcgacgacg tecccaggge cgtacgcace ctcegecgecg 4080
cgttegecga ctaccccgece acgcgecaca cegtegatece ggaccgccac atcgageggg 4140
tcaccgagct gcaagaactce ttectcacge gcgtegggcet cgacatcgge aaggtgtggg 4200
tegeggacga cggegecgeg gtggeggtet ggaccacgece ggagagegte gaageggggyg 4260
cggtgttege cgagatcgge ccgcgcatgg ccgagttgag cggttecccecgg ctggecgegce 4320
agcaacagat ggaaggcctc ctggcgecge accggceccaa ggageccgeyg tggttectgg 4380
ccacegtegg cgtctegece gaccaccagg gcaagggtet gggcagegee gtcegtgetcee 4440
ccggagtgga ggcggecgag cgcgecgggyg tgeccgectt cetggagace tccgegecce 4500
gcaacctecee cttcectacgag cggctcecgget tcaccgtcac cgccgacgtce gaggtgeccyg 4560
aaggaccgeg cacctggtge atgaccegea ageccggtge ctgaatctag gtcgacctge 4620
agaagcttgce ctcgagcagce gctgctcgag agatctacgg gtggcatcce tgtgacccect 4680
ccecagtgece tetectggece ctggaagttg ccactccagt geccaccage cttgtectaa 4740
taaaattaag ttgcatcatt ttgtctgact aggtgtcctt ctataatatt atggggtgga 4800
ggggggtggt atggagcaag gggcaagttg ggaagacaac ctgtagggcc tgcggggtcet 4860
attgggaacc aagctggagt gcagtggcac aatcttggct cactgcaatc tceccgectect 4920
gggttcaagc gattctcecctg cctcagecte ccgagttgtt gggattccag gcatgcatga 4980
ccaggctcag ctaatttttg tttttttggt agagacgggg tttcaccata ttggccaggc 5040
tggtctceccaa ctcectaatcet caggtgatct acccaccttg gectcecccaaa ttgctgggat 5100
tacaggcgtg aaccactgct cccttcecectg tecttectgat tttgtacceg ggactagaag 5160
atgggcggga gtcttctggg caggcttaaa ggctaacctg gtgtgtggge gttgtcectgce 5220
aggggaattg aacaggtgta aaattggagg gacaagactt cccacagatt ttcggttttg 5280
tcgggaagtt ttttaatagg ggcaaatagg aaaatggagg ataggagtca tctggggttt 5340
atgcagcaaa actacaggta tattgcttgt atccgcctecg gagatttcca tgaggagata 5400
aagacatgtc acccgagttt atactctcct gcttagatcce tactacagta tgaaatacag 5460
tgtngcgagg tagactatgt aagcagattt aatcatttta aagagcccag tacttcatat 5520
ccatttectce cgctecttet gcagecttat caaaaggtat ttagaacact cattttagcece 5580
ccattttcat ttattatact ggcttatcca acccctagac agagcattgg cattttcect 5640
ttcctgatcet tagaagtctg atgactcatg aaaccagaca gattagttac atacaccaca 5700
aatcgaggct gtagctgggg cctcaacact gcagttcettt tataactcct tagtacactt 5760
tttgttgatc ctttgccttg atccttaatt ttcagtgtcet atcacctcte cegtcaggtg 5820
gtgttccaca tttgggccta ttctcagtcce agggagtttt acaacaatag atgtattgag 5880
aatccaacct aaagcttaac tttccactce catgaatgcce tectctecttt ttcetceccatta 5940
taactgagct atnaccatta atggtttcag gtggatgtct cctcccccaa tatacctgat 6000
gtatctacat attgccaggc tgatatttta agacatnaaa ggtatatttc attattgagce 6060
cacatggtat tgattactgc tactaaaatt ttgtcattgt acacatctgt aaaaggtggt 6120

tcettttgga atgcaaagtt caggtgtttg ttgtctttece tgacctaagg tettgtgagce 6180
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ttgtattttt tctatttaag cagtgctttc tcttggactg gecttgactca tggcattcta 6240
cacgttattg ctggtctaaa tgtgattttg ccaagcttct tcaggaccta taattttgcet 6300
tgacttgtag ccaaacacaa gtaaaatgat taagcaacaa atgtatttgt gaagcttggt 6360
ttttaggttg ttgtgttgtyg tgtgcttgtg ctctataata atactatcca ggggctggag 6420
aggtggctcg gagttcaaga gcacagactg ctcttccaga agtcctgagt tcaattccca 6480
gcaaccacat ggtggctcac aaccatctgt aatgggatct gatgccctct tcectggtgtgt 6540
ctgaagacca caagtgtatt cacattaaat aaataatcct ccttecttcett cttttttttt 6600
ttttaaagag aatnctgtct ccagtagaat tactgaagta atgaaatact ttgtgtttgt 6660
tccaatatgg nagccaataa tcaaatactc ttnagcactg gaaatgtacc aaggaactat 6720
tttatttaag tgnactgtgg acagaggagc cataactgca gacttgtggg atacagaaga 6780
ccaatgcaga cttaatgtct tttctcttac actaagcaat aaagaaataa aaattgaact 6840
tctagtatcc tatttgttaa actgctagct ttactaactt ttgtgcttca tcectatacaaa 6900
gctgaaagcet aagtctgcag ccattactaa acatgaaagc aagtaatgat aattttggat 6960
ttcaaaaatg tagggccaga gtttagccag ccagtggtgg tgcttgcectt tatgecttaa 7020
tceccagecact ctggaggcag agacaggcag atctctgagt ttgagcccag cctggtctac 7080
acatcaagtt ctatctagga tagccaggaa tacacacaga aaccctgttg gggagggggg 7140
ctctgagatt tcataaaatt ataattgaag cattccctaa tgagccacta tggatgtggce 7200
taaatccgtce tacctttetg atgagatttg ggtattattt tttctgtcte tgetgttggt 7260
tgggtctttt gacactgtgg gcectttcttaa agectcecctte cctgccatgt ggtcectettgt 7320
ttgctactaa cttcccatgg cttaaatgge atggcttttt gecttctaag ggcagctgcet 7380
gagntttgca gcctgattte cagggtgggg ttgggaaatc tttcaaacac taaaattgtce 7440
ctttaatttt tttttaaaaa atgggttata taataaacct cataaaatag ttatgaggag 7500
tgaggtggac taatattaat gagtccctce cctataaaag agctattaag getttttgte 7560
ttatactaac ttttttttta aatgtggtat ctttagaacc aagggtctta gagttttagt 7620
atacagaaac tgttgcatcg cttaatcaga ttttctagtt tcaaatccag agaatccaaa 7680
ttcttcacag ccaaagtcaa attaagaatt tctgacttta atgttatttg ctactgtgaa 7740
tataaaatga tagcttttcc tgaggcaggg tctcactatg tatctctgecce tgatctgcaa 7800
caagatatgt agactaaagt tctgcctgct tttgtctect gaatactaag gttaaaatgt 7860
agtaatactt ttggaacttg caggtcagat tcttttatag gggacacact aagggagctt 7920
gggtgatagt tggtaaatgt gtttaagtga tgaaaacttg aattattatc accgcaacct 7980
actttttaaa aaaaaaagcc aggcctgtta gagcatgcta agggatccct aggacttget 8040
gagcacacaa gagtagtact tggcaggctc ctggtgagag catatttcaa aaaacaaggc 8100
agacaaccaa gaaactacag taaggttacc tgtctttaac catctgcata tacacaggga 8160
tattaaaata ttccaaataa tatttcattc aagttttccc ccatcaaatt gggacatgga 8220
tttcteeggt gaataggcag agttggaaac taaacaaatg ttggttttgt gatttgtgaa 8280
attgttttca agtgatagtt aaagcccatg agatacagaa caaagctgct atttcgaggt 8340
ctcttggtta tactcagaag cacttctttg ggtttcectg cactatcctg atcatgtget 8400

aggcctnect taggctgatt gttgttcaaa taacttaagt ttcctgtcag gtgatgtcat 8460
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atgatttcat atatcaaggc aaaacatgtt atatatgtta aacatttgna cttaatgtga 8520
aagttaggtc tttgtgggtt ttgattttaa tttcaaaacc tgagctaaat aagtcatttt 8580
acatgtctta catttggtga attgtatatt gtggtttgca ggcaagactc tcectgacctag 8640
taaccctect atagagcact ttgctgggtce acaagtctag gagtcaagca tttcaccttg 8700
aagttgagac gttttgttag tgtatactag ttatatgttg gaggacatgt ttatccagaa 8760
gatattcagg actatttttg actgggctaa ggaattgatt ctgattagca ctgttagtga 8820
gcattgagtg gcctttagge ttgaattgga gtcacttgta tatctcaaat aatgctggece 8880
ttttttnaaa agcccttgtt ctttatcacc ctgttttcecta cataattttt gttcaaagaa 8940
atacttgttt ggatctcctt ttgacaacaa tagcatgttt tcaagccata ttttttttce 9000
tttttttttt tttttttggt ttttcgagac agggtttcectce tgtatagcce tggctgtect 9060
ggaactcact ttgtagacca ggctggcctc gaactcagaa atccgcctgce ctetgectece 9120
tgagtgccgg gattaaaggc gtgcaccacc acgcctggct aagttggata ttttgtatat 9180
aactataacc aatactaact ccactgggtg gatttttaat tcagtcagta gtcttaagtg 9240
gtctttattg gcccttatta aaatctactg ttcactctaa cagaggctgt tggactagtg 9300
gnactaagca acttcctacg gatatactag cagataaggg tcagggatag aaactagtct 9360
agcgttttgt atacctacca gcttatacta ccttgttcetg atagaaatat ttaggacatc 9420
tagcttatceg atccg 9435
<210> SEQ ID NO 34

<211> LENGTH: 747

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: IgGFc (mouse)

<400> SEQUENCE: 34

atgtacagga tgcaactcct gtcttgeatt geactaagte ttgcacttgt cacgaattcg 60
atatcggcca tggttagatc tggttgtaag ccttgcatat gtacagtccce agaagtatca 120
tctgtettea tettecccce aaagcccaag gatgtgctea ccattactet gactectaag 180
gtcacgtgtyg ttgtggtaga catcagcaag gatgatccceg aggtccagtt cagetggttt 240
gtagatgatyg tggaggtgca cacagctcag acgcaaccce gggaggagca gttcaacagce 300
actttccget cagtcagtga acttcccatce atgcaccagg actggctcaa tggcaaggag 360
ttcaaatgca gggtcaacag tgcagctttce cctgccceca tcgagaaaac catctccaaa 420
accaaaggca gaccgaaggc tccacaggtg tacaccatte cacctcccaa ggagcagatg 480
gccaaggata aagtcagtct gacctgcatg ataacagact tcttccectga agacattact 540
gtggagtgge agtggaatgg gcagccagceg gagaactaca agaacactca gcccatcatg 600
gacacagatyg gctcttactt cgtctacagce aagctcaatg tgcagaagag caactgggag 660
gcaggaaata ctttcacctg ctctgtgtta catgagggcce tgcacaacca ccatactgag 720
aagagcctcet cccactctece tggtaaa 747

<210> SEQ ID NO 35
<211> LENGTH: 195

<212> TYPE: DNA

<213> ORGANISM: Unknown
<220> FEATURE:
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<223> OTHER INFORMATION:

<400> SEQUENCE: 35

atgegeegeg

accteecacy

gaggactccyg

gacggctect

S2-VaTx3 with signal

gecgectget ggagatcegee ctgggettca cegtgetget ggectectac

gegecgacge cgcetgaatte gagtgecget ggtacctggyg cggetgeaag

agtgctgcega gcacctgeag tgecactect actgggagtyg gtgectgtgg

tctaa

<210> SEQ ID NO 36
<211> LENGTH: 324

<212> TYPE:

DNA

<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: S2-DkTx

<400> SEQUENCE: 36

atgegeegeg

accteecacy

tgctecectggy

cceccactgea

gaggtgtgceg

cectactgeg

geegectget

gegecgacge

gcaagaagtyg

agaagtacaa

gCtggggCtC

agaagtaccg

<210> SEQ ID NO 37
<211> LENGTH: 873

<212> TYPE:

DNA

ggagatcgece
cgctgaatte
ctgcgaccetyg
gecectacgty
caagtgctge

ctaa

<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: VatX3 target vector cassette:

Furin- >IgGFc

<400> SEQUENCE: 37

atgtacagga

ggatctgagt

ctgcagtgec

gggatatcgg

tcatctgtet

aaggtcacgt

tttgtagatg

agcactttece

gagttcaaat

aaaaccaaag

atggccaagg

actgtggagt

atggacacag

daggcaggaa

gagaagagcce

tgcaactcct

geegetggta

actcctactg

ccatggttag

tcatcttcce

gtgttgtggt

atgtggaggt

gctcagtcag

gcagggtcaa

gcagaccgaa

ataaagtcag

ggcagtggaa

atggctctta

atactttcac

tcteccacte

gtcttgeatt

CCtgggngC

ggagtggtge

atctggttgt

cccaaagcecce

agacatcagc

gcacacagcet

tgaacttcece

cagtgcagcet

ggctccacag

tctgacctge

tgggcageca

cttegtetac

ctgetetgtyg

tcctggtaaa

with signal

ctgggettea

ggatctgact

gacaacttct

ccegtgacca

cacggectygyg

gcactaagtce

tgcaaggagg

ctgtgggacg

aagccttgea

aaggatgtge

aaggatgatc

cagacgcaac

atcatgcacc

ttcectgece

gtgtacacca

atgataacag

geggagaact

agcaagctca

ttacatgagg

taa

cegtgetget

gegecaagga

actgceccat

ccaactgege

actgcecect

ttgcacttgt

actccgagty

getecttecg

tatgtacagt

tcaccattac

ccgaggteca

cccgggagga

aggactgget

ccatcgagaa

ttccacctcece

acttcttecce

acaagaacac

atgtgcagaa

gectgcacaa

ggcctectac

gggcgaggtyg

ggagttcate

caaggagggc

ggccttcate

60

120

180

195

60

120

180

240

300

324

signal->VaTx3->

cacgaattcg

ctgcgageac

acggaagcga

cccagaagta

tctgactect

gttcagcetgg

gcagttcaac

caatggcaag

aaccatctce

caaggagcag

tgaagacatt

tcagcecate

gagcaactgg

ccaccatact

60

120

180

240

300

360

420

480

540

600

660

720

780

840

873
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<210> SEQ ID NO 38

<211> LENGTH: 993

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: DkTx target vector cassette: signal->DkTx->
Furin- >IgGFc

<400> SEQUENCE: 38
atgtacagga tgcaactcct gtettgeatt gecactaagte ttgcacttgt cacgaatteg 60

ggatctgact gcgccaagga gggcgaggtyg tgctectggg gcaagaagtyg ctgegacctg 120

gacaacttct actgccccat ggagttcatc ccccactgca agaagtacaa gccctacgtg 180
ccegtgacca ccaactgege caaggagggce gaggtgtgeg getggggete caagtgetge 240
cacggectgg actgeccect ggecttecate cectactgeg agaagtaccyg ccggaagcga 300
gggatatcgyg ccatggttag atctggttgt aagccttgca tatgtacagt cccagaagta 360
tcatctgtet tcatcttecce cccaaagece aaggatgtge tcaccattac tctgactcect 420
aaggtcacgt gtgttgtggt agacatcagc aaggatgatc ccgaggtcca gttcagetgg 480
tttgtagatg atgtggaggt gcacacagct cagacgcaac cccgggagga gcagttcaac 540
agcactttee gctcagtcag tgaacttcce atcatgcacce aggactgget caatggcaag 600
gagttcaaat gcagggtcaa cagtgcagct ttccctgece ccatcgagaa aaccatctece 660
aaaaccaaag gcagaccgaa ggctccacag gtgtacacca ttccacctece caaggagcag 720
atggccaagg ataaagtcag tctgacctge atgataacag acttcttcecce tgaagacatt 780
actgtggagt ggcagtggaa tgggcagcca gcggagaact acaagaacac tcagcccate 840
atggacacag atggctctta cttcgtctac agcaagctca atgtgcagaa gagcaactgg 900
gaggcaggaa atactttcac ctgctcectgtg ttacatgagg gectgcacaa ccaccatact 960
gagaagagcc tctcccacte tcctggtaaa taa 993

<210> SEQ ID NO 39

<211> LENGTH: 681

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: IgGFc (human)

<400> SEQUENCE: 39

gacaaaactc acacatgccc accgtgccca gcacctgaac tectgggggyg accgtcagte 60
ttcectettee ccccaaaacce caaggacace ctcatgatet cecggaccce tgaggtcaca 120
tgcgtggtgyg tggacgtgag ccacgaagac cctgaggteca agttcaactg gtacgtggac 180
ggcgtggagg tgcataatge caagacaaag ccgcgggagg agcagtacaa cagcacgtac 240
cgtgtggtca gegtectecac cgtectgeac caggactgge tgaatggcaa ggagtacaag 300
tgcaaggtct ccaacaaage ccteccagece cccatcgaga aaaccatcte caaagccaaa 360
gggcagcececee gagaaccaca ggtgtacacce ctgcccccat cecgggagga gatgaccaag 420
aaccaggtca gcctgacctg cctggtcaaa ggettctate ccagegacat cgecgtggag 480
tgggagagca atgggcagcece ggagaacaac tacaagacca cgcectecegt getggactece 540
gacggctect tcttecteta cagcaagete accgtggaca agagcaggtyg gcagcagggg 600

aacgtettet catgeteegt gatgcacgag getctgeaca accactacac gcagaagagce 660
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ctcteectgt ctcececgggtaa a 681
<210> SEQ ID NO 40
<211> LENGTH: 3778
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: AAVSI targeting vector
<400> SEQUENCE: 40
tgctttetet gaccagcatt ctectcecectg ggectgtgece getttetgte tgcagettgt 60
ggectgggte acctctacgg ctggeccaga tecttecctyg cegectectt caggtteegt 120
cttectecac tccctettee ccecttgetete tgetgtgttyg ctgeccaagyg atgetettte 180
cggagcactt ccttetegge getgcaccac gtgatgtect ctgagceggat ccteccegtyg 240
tctgggtect ctcegggcat ctetectece teacccaace ccatgecegte ttcacteget 300
gggttccett ttecttectee ttetggggece tgtgccatet ctegtttett aggatggect 360
tcteecgacgg atgtceteect tgegtecege ctecccttet tgtaggectyg catcatcace 420
gtttttetgyg acaaccccaa agtacccegt ctccectgget ttagccacct ctecatccte 480
ttgctttett tgcctggaca ccccgttcecte ctgtggattce gggtcaccte tcactcecttt 540
catttgggca gctcecectac cccccttace tetctagtet gtgcectagete ttcecagecce 600
ctgtcatgge atcttecagg ggtccgagag ctcagctagt cttettecte caacccggge 660
cectatgtee acttcaggac agcatgtttg ctgectcecag ggatcctgtyg tcecccgaget 720
gggaccacct tatattccca gggecggtta atgtggetcet ggttcetgggt acttttatcet 780
gtecccteca ceccacagtg gggcaagett ctegagttgg ggttgegect tttecaagge 840
agccetgggt ttgegecaggg acgcggetge tetgggegtyg gttecgggaa acgcagegge 900
geegaccecetyg ggtectegcac attcttcacg teegttegea gegtcacceg gatcttegee 960
gctacccttyg tgggecccce ggcgacgett cctgctceccge cectaagtcg ggaaggttece 1020
ttgcggtteg cggcgtgeceg gacgtgacaa acggaagcecg cacgtctcac tagtacccte 1080
gcagacggac agcgccaggg agcaatggca gegcegecgac cgcgatggge tgtggccaat 1140
agcggetgcet cagcagggeg cgccgagage agcggceggg aaggggceggt gegggaggeg 1200
gggtgtgggyg cggtagtgtg ggccctgttce ctgccecgcege ggtgttecege attcectgcaag 1260
cctececggage gecacgtcecgge agtcggctcee ctegttgacce gaatcaccga cctcetcetece 1320
cagggtctag acgccaccat ggtgtccaag ggcgaggagg tgatcaagga gttcatgcegce 1380
ttcaaggtgce gcatggaggg ctccatgaac ggccacgagt tcgagatcga gggcgaggge 1440
gagggccegee cctacgaggg cacccagacce gccaagetga aggtgaccaa gggeggeccce 1500
ctgcectteg cectgggacat cctgtceccce cagttcatgt acggctccaa ggcctacgtg 1560
aagcaccceg ccgacatcce cgactacaag aagcetgtect tecccgaggyg cttcaagtgg 1620
gagcgcgtga tgaacttcga ggacggceggce ctggtgaccg tgacccagga ctectcectg 1680
caggacggca ccctgatcta caaggtgaag atgcgceggea ccaacttece ccccgacgge 1740
ccegtgatge agaagaagac catgggetgg gaggectceca ccegagcegect gtacccccge 1800
gacggcegtyge tgaagggcga gatccaccag gecctgaage tgaaggacgg cggcecactac 1860
ctggtggagt tcaagaccat ctacatggcc aagaagcccg tgcagctgcece cggctactac 1920
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tacgtggaca ccaagctgga catcacctcce cacaacgagg actacaccat cgtggagcag 1980
tacgagcgcet ccgagggecg ccaccacctg ttectgggat cecgagggcag aggaagectt 2040
ctaacatgeg gtgacgtgga ggagaatccce ggecctteeg ggatgaccga gtacaagcce 2100
acggtgcgee tcgecaccceg cgacgacgte cecagggecg tacgcaccct cgcecgecgeg 2160
ttegecgact accecgecac gegccacace gtegatcegyg accgcecacat cgagegggte 2220
accgagcetge aagaactcectt cctcacgcge gtegggeteg acatcggcaa ggtgtgggte 2280
geggacgacy gegecgeggt ggeggtetgg accacgecgg agagcegtega agegggggcey 2340
gtgttcgeeg agatcggcecce gcgcatggece gagttgageg gttcecccegget ggecgcgceag 2400
caacagatgg aaggcctect ggcgccgeac cggeccaagyg ageccgcegtyg gttectggece 2460
accgteggeg tctegeccga ccaccaggge aagggtetgg gcagegeegt cgtgetccce 2520
ggagtggagyg cggccgageg cgceggggtg cccgecttee tggagaccte cgegeccege 2580
aacctceect tcectacgageg getcecggette accgtcaccg ccgacgtcga ggtgceccgaa 2640
ggaccgcgca cctggtgcat gacccgcaag cccggtgcect gaatctaggt cgacattcta 2700
cttggtaccce tgtgccttet agttgccage catctgttgt ttgccecctee cecgtgectt 2760
ccttgaccct ggaaggtgcec actcccactg tcectttecta ataaaatgag gaaattgcat 2820
cgcattgtct gagtaggtgt cattctattc tggggggtgg ggtggggcag gacagcaagg 2880
gggaggattg ggaagacaat agcaggcatg ctggggatgc ggtgggctct atggaagcett 2940
tactagggac aggattggtg acagaaaagc cccatcctta ggcectecctee ttectagtcet 3000
cctgatattg ggtctaacce ccacctectg ttaggcagat teccttatctg gtgacacacc 3060
cccatttect ggagccatcect ctetecttge cagaacctcet aaggtttget tacgatggag 3120
ccagagagga tcctgggagg gagagcttgg cagggggtgg gagggaaggg ggggatgcegt 3180
gacctgceeg gttectcagtg gccacccetge gcectaccctet cccagaacct gagetgetcet 3240
gacgcggcetyg tetggtgegt ttcactgatce ctggtgctge agecttcectta cacttccecaa 3300
gaggagaagc agtttggaaa aacaaaatca gaataagttg gtcctgagtt ctaactttgg 3360
ctcttcacct ttctagtccecce caatttatat tgttcecctecg tgcgtcagtt ttacctgtga 3420
gataaggcca gtagccagce ccgtectgge agggctgtgg tgaggagggg ggtgtcegtyg 3480
tggaaaactc cctttgtgag aatggtgcgt cctaggtgtt caccaggtcg tggccgectce 3540
tactcecettt ctctttctec atccttettt ccttaaagag tccccagtge tatctgggac 3600
atattcctcece geccagagca gggtcececgcet tcectaagge cctgctcectgg gettetgggt 3660
ttgagtcctt ggcaagccca ggagaggcgce tcaggcttcecce ctgtccccecect tectegteca 3720
ccatctcatg cccctggete tectgcccct tceectacagg ggttectgge tetgetcet 3778
<210> SEQ ID NO 41

<211> LENGTH: 602

<212> TYPE: PRT

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Human mutant BChE

<400> SEQUENCE: 41

Met His Ser Lys Val Thr Ile Ile Cys Ile Arg Phe Leu Phe Trp Phe
1 5 10 15

Leu Leu Leu Cys Met Leu Ile Gly Lys Ser His Thr Glu Asp Asp Ile
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20 25 30

Ile Ile Ala Thr Lys Asn Gly Lys Val Arg Gly Met Asn Leu Thr Val
35 40 45

Phe Gly Gly Thr Val Thr Ala Phe Leu Gly Ile Pro Tyr Ala Gln Pro
50 55 60

Pro Leu Gly Arg Leu Arg Phe Lys Lys Pro Gln Ser Leu Thr Lys Trp
65 70 75 80

Ser Asp Ile Trp Asn Ala Thr Lys Tyr Ala Asn Ser Cys Cys Gln Asn
85 90 95

Ile Asp Gln Ser Phe Pro Gly Phe His Gly Ser Glu Met Trp Asn Pro
100 105 110

Asn Thr Asp Leu Ser Glu Asp Cys Leu Tyr Leu Asn Val Trp Ile Pro
115 120 125

Ala Pro Lys Pro Lys Asn Ala Thr Val Leu Ile Trp Ile Tyr Gly Gly
130 135 140

Gly Phe Gln Thr Gly Thr Ser Ser Leu His Val Tyr Asp Gly Lys Phe
145 150 155 160

Leu Ala Arg Val Glu Arg Val Ile Val Val Ser Met Asn Tyr Arg Val
165 170 175

Gly Ala Leu Gly Phe Leu Ala Leu Pro Gly Asn Pro Glu Ala Pro Gly
180 185 190

Asn Met Gly Leu Phe Asp Gln Gln Leu Ala Leu Gln Trp Val Gln Lys
195 200 205

Asn Ile Ala Ala Phe Gly Gly Asn Pro Lys Ser Val Thr Leu Phe Gly
210 215 220

Glu Ser Ser Gly Ala Ala Ser Val Ser Leu His Leu Leu Ser Pro Gly
225 230 235 240

Ser His Ser Leu Phe Thr Arg Ala Ile Leu Gln Ser Gly Ser Ala Asn
245 250 255

Ala Pro Trp Ala Val Thr Ser Leu Tyr Glu Ala Arg Asn Arg Thr Leu
260 265 270

Asn Leu Ala Lys Leu Thr Gly Cys Ser Arg Glu Asn Glu Thr Glu Ile
275 280 285

Ile Lys Cys Leu Arg Asn Lys Asp Pro Gln Glu Ile Leu Leu Asn Glu
290 295 300

Ala Phe Val Val Pro Tyr Gly Thr Ala Leu Gly Val Asn Phe Gly Pro
305 310 315 320

Thr Val Asp Gly Asp Phe Leu Thr Asp Met Pro Asp Ile Leu Leu Glu
325 330 335

Leu Gly Gln Phe Lys Lys Thr Gln Ile Leu Val Gly Val Asn Lys Asp
340 345 350

Glu Gly Thr Trp Phe Leu Val Gly Gly Ala Pro Gly Phe Ser Lys Asp
355 360 365

Asn Asn Ser Ile Ile Thr Arg Lys Glu Phe Gln Glu Gly Leu Lys Ile
370 375 380

Phe Phe Pro Gly Val Ser Glu Phe Gly Lys Glu Ser Ile Leu Phe His
385 390 395 400

Tyr Thr Asp Trp Val Asp Asp Gln Arg Pro Glu Asn Tyr Arg Glu Ala
405 410 415

Leu Gly Asp Val Val Gly Asp Tyr Asn Phe Ile Cys Pro Ala Leu Glu
420 425 430
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Phe Thr Lys Lys Phe Ser Glu Trp Gly Asn Asn Ala Phe Phe Tyr Tyr
435 440 445

Phe Glu His Arg Ser Ser Lys Leu Pro Trp Pro Glu Trp Met Gly Val
450 455 460

Met His Gly Tyr Glu Ile Glu Phe Val Phe Gly Leu Pro Leu Glu Arg
465 470 475 480

Arg Asp Asn Tyr Thr Lys Ala Glu Glu Ile Leu Ser Arg Ser Ile Val
485 490 495

Lys Arg Trp Ala Asn Phe Ala Lys Tyr Gly Asn Pro Asn Glu Thr Gln
500 505 510

Asn Asn Ser Thr Ser Trp Pro Val Phe Lys Ser Thr Glu Gln Lys Tyr
515 520 525

Leu Thr Leu Asn Thr Glu Ser Thr Arg Ile Met Thr Lys Leu Arg Ala
530 535 540

Gln Gln Cys Arg Phe Trp Thr Ser Phe Phe Pro Lys Val Leu Glu Met
545 550 555 560

Thr Gly Asn Ile Asp Glu Ala Glu Trp Glu Trp Lys Ala Gly Phe His
565 570 575

Arg Trp Asn Asn Tyr Met Met Asp Trp Lys Asn Gln Phe Asn Asp Tyr
580 585 590

Thr Ser Lys Lys Glu Ser Cys Val Gly Leu
595 600

<210> SEQ ID NO 42

<211> LENGTH: 1806

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence encoding the amino acid
sequence of SEQ ID NO: 41

<400> SEQUENCE: 42

atgcacagca aggtgaccat catctgecate aggttecetgt tetggttect getgetgtge 60
atgctgatcg gcaagagcca caccgaggac gacatcatca tegecaccaa gaacggcaag 120
gtgaggggca tgaacctgac cgtgttcegge ggcaccgtga ccgecttect gggeatecec 180
tacgcccage ccccectggg caggctgagg ttcaagaage cecagagect gaccaagtgg 240
agcgacatct ggaacgccac caagtacgcece aacagctget gecagaacat cgaccagagce 300
ttceccegget tccacggecag cgagatgtgg aaccccaaca cegacctgag cgaggactge 360
ctgtacctga acgtgtggat ccccgecccee aagcccaaga acgecacegt getgatcetgg 420
atctacggeg geggctteca gaccggeace agecagectge acgtgtacga cggcaagtte 480

ctggccaggyg tggagagggt gatcegtggtyg ageatgaact acagggtggg cgecctggge 540

ttcectggece tgcccggeaa ceccgaggece cccggcaaca tgggectgtt cgaccageag 600
ctggecectge agtgggtgca gaagaacate gecgectteg geggcaacce caagagegtg 660
accctgtteg gegagagecag cggegecgee agegtgagece tgcacctget gagecccegge 720
agccacagece tgttcaccag ggccatectyg cagageggea gegecaacge ccectgggece 780
gtgaccagcee tgtacgagge caggaacagg accctgaacce tggccaaget gaccggetge 840
agcagggaga acgagaccga gatcatcaag tgectgagga acaaggacce ccaggagatce 900

ctgctgaacyg aggecttegt ggtgecctac ggcaccgece tgggegtgaa ctteggecce 960
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accgtggacg gcgacttect gaccgacatg cccgacatcce tgctggaget gggccagtte 1020
aagaagaccce agatcctggt gggcgtgaac aaggacgagg gcacctggtt cctggtggge 1080
ggegeccceeyg gettcagcaa ggacaacaac agcatcatca ccaggaagga gttccaggag 1140
ggcctgaaga tcecttettecce cggegtgage gagtteggca aggagagcat cctgttecac 1200
tacaccgact gggtggacga ccagaggccce gagaactaca gggaggccct gggcegacgtg 1260
gtgggcgact acaacttcat ctgccccgece ctggagttca ccaagaagtt cagcgagtgg 1320
ggcaacaacg ccttcttcta ctacttcecgag cacaggagca gcaagctgcece ctggcccgag 1380
tggatgggcg tgatgcacgg ctacgagatc gagttcgtgt tecggecctgece cctggagagg 1440
agggacaact acaccaaggc cgaggagatc ctgagcagga gcatcgtgaa gaggtgggece 1500
aacttcgcca agtacggcaa ccccaacgag acccagaaca acagcaccag ctggecegtg 1560
ttcaagagca ccgagcagaa gtacctgacc ctgaacaccyg agagcaccag gatcatgace 1620
aagctgaggg cccagcagtg caggttcectgg accagcttet tecccaaggt getggagatg 1680
accggcaaca tcgacgaggce cgagtgggag tggaaggccyg gcettcecacag gtggaacaac 1740
tacatgatgg actggaagaa ccagttcaac gactacacca gcaagaagga gagctgegtg 1800
ggectyg 1806
<210> SEQ ID NO 43

<211> LENGTH: 603

<212> TYPE: PRT

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Mouse mutant BChE

<400> SEQUENCE: 43

Met Gln Thr Gln His Thr Lys Val Thr Gln Thr His Phe Leu Leu Trp
1 5 10 15

Ile Leu Leu Leu Cys Met Pro Phe Gly Lys Ser His Thr Glu Glu Asp
20 25 30

Phe Ile Ile Thr Thr Lys Thr Gly Arg Val Arg Gly Leu Ser Met Pro
35 40 45

Val Leu Gly Gly Thr Val Thr Ala Phe Leu Gly Ile Pro Tyr Ala Gln
50 55 60

Pro Pro Leu Gly Ser Leu Arg Phe Lys Lys Pro Gln Pro Leu Asn Lys
65 70 75 80

Trp Pro Asp Ile His Asn Ala Thr Gln Tyr Ala Asn Ser Cys Tyr Gln

Asn Ile Asp Gln Ala Phe Pro Gly Phe Gln Gly Ser Glu Met Trp Asn
100 105 110

Pro Asn Thr Asn Leu Ser Glu Asp Cys Leu Tyr Leu Asn Val Trp Ile
115 120 125

Pro Val Pro Lys Pro Lys Asn Ala Thr Val Met Val Trp Ile Tyr Gly
130 135 140

Gly Gly Phe Gln Thr Gly Thr Ser Ser Leu Pro Val Tyr Asp Gly Lys
145 150 155 160

Phe Leu Ala Arg Val Glu Arg Val Ile Val Val Ser Met Asn Tyr Arg
165 170 175

Val Gly Ala Leu Gly Phe Leu Ala Phe Pro Gly Asn Pro Asp Ala Pro
180 185 190
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Gly Asn Met Gly Leu Phe Asp Gln Gln Leu Ala Leu Gln Trp Val Gln
195 200 205

Arg Asn Ile Ala Ala Phe Gly Gly Asn Pro Lys Ser Ile Thr Ile Phe
210 215 220

Gly Glu Ser Ser Gly Ala Ala Ser Val Ser Leu His Leu Leu Cys Pro
225 230 235 240

Gln Ser Tyr Pro Leu Phe Thr Arg Ala Ile Leu Glu Ser Gly Ser Ala
245 250 255

Asn Ala Pro Trp Ala Val Lys His Pro Glu Glu Ala Arg Asn Arg Thr
260 265 270

Leu Thr Leu Ala Lys Phe Thr Gly Cys Ser Lys Glu Asn Glu Met Glu
275 280 285

Met Ile Lys Cys Leu Arg Ser Lys Asp Pro Gln Glu Ile Leu Arg Asn
290 295 300

Glu Arg Phe Val Leu Pro Ser Asp Ser Ala Leu Gly Ile Asn Phe Gly
305 310 315 320

Pro Thr Val Asp Gly Asp Phe Leu Thr Asp Met Pro His Thr Leu Leu
325 330 335

Gln Leu Gly Lys Val Lys Lys Ala Gln Ile Leu Val Gly Val Asn Lys
340 345 350

Asp Glu Gly Thr Trp Phe Leu Val Gly Gly Ala Pro Gly Phe Ser Lys
355 360 365

Asp Asn Asp Ser Leu Ile Thr Arg Lys Glu Phe Gln Glu Gly Leu Asn
370 375 380

Met Tyr Phe Pro Gly Val Ser Arg Leu Gly Lys Glu Ala Val Leu Phe
385 390 395 400

Tyr Tyr Val Asp Trp Leu Gly Glu Gln Ser Pro Glu Val Tyr Arg Asp
405 410 415

Ala Leu Asp Asp Val Ile Gly Asp Tyr Asn Ile Ile Cys Pro Ala Leu
420 425 430

Glu Phe Thr Lys Lys Phe Ala Glu Leu Glu Asn Asn Ala Phe Phe Tyr
435 440 445

Phe Phe Glu His Arg Ser Ser Lys Leu Pro Trp Pro Glu Trp Met Gly
450 455 460

Val Met His Gly Tyr Glu Ile Glu Phe Val Phe Gly Leu Pro Leu Gly
465 470 475 480

Arg Arg Val Asn Tyr Thr Arg Ala Glu Glu Ile Phe Ser Arg Ser Ile
485 490 495

Met Lys Thr Trp Ala Asn Phe Ala Lys Tyr Gly His Pro Asn Gly Thr
500 505 510

Gln Gly Asn Ser Thr Met Trp Pro Val Phe Thr Ser Thr Glu Gln Lys
515 520 525

Tyr Leu Thr Leu Asn Thr Glu Lys Ser Lys Ile Tyr Ser Lys Leu Arg
530 535 540

Ala Pro Gln Cys Gln Phe Trp Arg Leu Phe Phe Pro Lys Val Leu Glu
545 550 555 560

Met Thr Gly Asp Ile Asp Glu Thr Glu Gln Glu Trp Lys Ala Gly Phe
565 570 575

His Arg Trp Ser Asn Tyr Met Met Asp Trp Gln Asn Gln Phe Asn Asp
580 585 590
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Tyr Thr Ser Lys Lys Glu Ser Cys Thr Ala Leu
595 600

<210> SEQ ID NO 44
<211> LENGTH: 1809
<212> TYPE: DNA

<213> ORGANISM: Unknown
<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence encoding the amino acid

sequence of SEQ ID NO: 43

<400> SEQUENCE: 44

atgcagaccce agcacaccaa ggtgacccag acccacttee tgetgtggat cctgetgetg
tgcatgccct tcggcaagag ccacaccgag gaggacttca tcatcaccac caagaccgge
agggtgaggg gcctgagcat geccegtgetyg ggeggcacceyg tgaccgectt cctgggeate
ccctacgece agcecccceect gggcagectg aggttcaaga agcecccagece cctgaacaag
tggcecgaca tccacaacgce cacccagtac gecaacaget gctaccagaa catcgaccag
gectteceeyg gettecaggg cagcgagatg tggaacccca acaccaacct gagcgaggac
tgcctgtace tgaacgtgtg gatccecegtg cecaagccca agaacgccac cgtgatggtg
tggatctacg gcggeggett ccagaccgge accagcagece tgcccgtgta cgacggcaag
ttectggeca gggtggagag ggtgategtyg gtgagcatga actacagggt gggegecctg
ggcttectygyg cctteccegg caaccccgac geccceggea acatgggect gttegaccag
cagctggece tgcagtgggt gcagaggaac atcgecgect teggeggcaa ccccaagagce
atcaccatct tcggegagag cagcggegece gecagcegtga gectgcacct getgtgecce
cagagctace ccctgttcac cagggccate ctggagageg gcagcgccaa cgcccectgg
geegtgaage accccgagga ggccaggaac aggaccctga cectggecaa gttcaccgge
tgcagcaagg agaacgagat ggagatgatc aagtgcctga ggagcaagga cccccaggag
atcctgagga acgagaggtt cgtgctgecce agegacageg ccectgggeat caacttegge
cccacegtgg acggegactt cctgaccgac atgccccaca cectgetgea gcetgggcaag
gtgaagaagyg cccagatcct ggtgggegtg aacaaggacg agggcacctg gttectggtyg
ggeggegecee ceggettcag caaggacaac gacagectga tcaccaggaa ggagttccag
gagggcctga acatgtactt ccceggegtg agcaggetgg gcaaggaggce cgtgetgtte
tactacgtgg actggcetggg cgagcagage cecgaggtgt acagggacge cctggacgac
gtgatcggeyg actacaacat catctgccce gecctggagt tcaccaagaa gttcgccgag
ctggagaaca acgccttett ctacttette gagcacagga gcagcaagcet gccctggece
gagtggatgyg gcgtgatgca cggctacgag atcgagtteg tgttceggect geccctggge
aggagggtga actacaccag ggccgaggag atcttcageca ggagcatcat gaagacctgg
gccaactteg ccaagtacgg ccaccccaac ggcacccagg gcaacagcac catgtggecce
gtgttcacca gcaccgagca gaagtacctg accctgaaca ccgagaagag caagatctac
agcaagctga gggcccccca gtgccagtte tggaggetgt tettecccaa ggtgetggag
atgaccggeg acatcgacga gaccgagcag gagtggaagyg cceggctteca caggtggage
aactacatga tggactggca gaaccagttc aacgactaca ccagcaagaa ggagagctge

accgeectyg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1809
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<210>
<211>
<212>
<213>
<220>
<223>

PRT

<400> SEQUENCE:

Met

1

Val

Tyr

Gly

65

Ile

Asp

Arg

Lys

145

Glu

Tyr

Leu

Trp

Ile

225

Gln

Pro

<210>
<211>
<212>
<213>
<220>
<223>

Tyr

Thr

Leu

Arg

Ser

Thr

Asp

Thr

Ser

130

Glu

Lys

Thr

Thr

Gln

210

Met

Lys

Glu

Gly

Arg

Asn

Glu

35

Gly

Ser

Leu

Pro

Ala

115

Val

Phe

Thr

Ile

Cys

195

Trp

Asp

Ser

Gly

Lys
275

Met

Ser

20

Gly

Arg

Val

Thr

Glu

100

Gln

Ser

Lys

Ile

Pro

180

Met

Asn

Thr

Asn

Leu
260

<400> SEQUENCE:

atgtacagga tgcagctget gagctgeate geectgagece tggeccetggt gaccaacage

SEQ ID NO 45
LENGTH:
TYPE:
ORGANISM: Unknown
FEATURE:
OTHER INFORMATION:

275

45

Gln Leu

His Gly

Gln Ala

Ser Gly

Phe Ile
70

Pro Lys
85

Val Gln

Thr Gln

Glu Leu

Cys Arg
150

Ser Lys
165

Pro Pro

Ile Thr

Gly Gln

Asp Gly
230

Trp Glu
245

His Asn

SEQ ID NO 46
LENGTH:
TYPE: DNA
ORGANISM: Unknown
FEATURE:
OTHER INFORMATION: Nucleic acid sequence encoding the amino acid
sequence of SEQ ID NO:

825

46

mGLP-1

Leu

Glu

Ala

Cys

55

Phe

Val

Phe

Pro

Pro

135

Val

Thr

Lys

Asp

Pro

215

Ser

Ala

His

Ser

Gly

Lys

40

Lys

Pro

Thr

Ser

Arg

120

Ile

Asn

Lys

Glu

Phe

200

Ala

Tyr

Gly

His

45

(GLY8 mutant with IgG-Fc fusion)

Cys

Thr

25

Glu

Pro

Pro

Cys

Trp

105

Glu

Met

Ser

Gly

Gln

185

Phe

Glu

Phe

Asn

Thr
265

Ile

Phe

Phe

Cys

Lys

Val

90

Phe

Glu

His

Ala

Arg

170

Met

Pro

Asn

Val

Thr

250

Glu

Ala

Thr

Ile

Ile

Pro

75

Val

Val

Gln

Gln

Ala

155

Pro

Ala

Glu

Tyr

Tyr

235

Phe

Lys

Leu

Ser

Ala

Cys

60

Lys

Val

Asp

Phe

Asp

140

Phe

Lys

Lys

Asp

Lys

220

Ser

Thr

Ser

Ser

Asp

Trp

45

Thr

Asp

Asp

Asp

Asn

125

Trp

Pro

Ala

Asp

Ile

205

Asn

Lys

Cys

Leu

Leu

Val

30

Leu

Val

Val

Ile

Val

110

Ser

Leu

Ala

Pro

Lys

190

Thr

Thr

Leu

Ser

Ser
270

Ala

Ser

Val

Pro

Leu

Ser

95

Glu

Thr

Asn

Pro

Gln

175

Val

Val

Gln

Asn

Val

255

His

Leu

Ser

Lys

Glu

Thr

80

Lys

Val

Phe

Gly

Ile

160

Val

Ser

Glu

Pro

Val

240

Leu

Ser
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cacggcgagg gcaccttcac cagcgacgtg agcagctacce tggagggcca ggccgccaag 120
gagttcatcg cctggctggt gaagggcagg ggcaggagceg gctgcaagec ctgcatctge 180
accgtgcceg aggtgagcag cgtgttcatce ttccccccca agcccaagga cgtgetgacce 240
atcaccctga cccccaaggt gacctgegtg gtggtggaca tcagcaagga cgaccccgag 300
gtgcagttca gctggttegt ggacgacgtg gaggtgcaca ccgcccagac ccagcccagg 360
gaggagcagt tcaacagcac cttcaggagc gtgagcgagce tgcccatcat gcaccaggac 420
tggctgaacg gcaaggagtt caagtgcagg gtgaacageg ccgecttcce cgcccccatce 480
gagaagacca tcagcaagac caagggcagg cccaaggccce cccaggtgta caccatcccc 540
ccccccaagg agcagatgge caaggacaag gtgagectga cctgcatgat caccgactte 600
ttcceccgagg acatcaccgt ggagtggcag tggaacggec agcccgcecga gaactacaag 660
aacacccagc ccatcatgga caccgacggce agctactteg tgtacagcaa gctgaacgtg 720
cagaagagca actgggaggc cggcaacacc ttcacctgca gegtgctgca cgagggectg 780
cacaaccacc acaccgagaa gagcctgage cacagccccg gcaag 825
<210> SEQ ID NO 47
<211> LENGTH: 36
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: Primer A
<400> SEQUENCE: 47
gctctagage caccatgcag actcagcata ccaagg 36
<210> SEQ ID NO 48
<211> LENGTH: 42
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: Primer B
<400> SEQUENCE: 48
cgggatccac cggtttagag agctgtacaa gattctttet tg 42
<210> SEQ ID NO 49
<211> LENGTH: 36
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: Primer C
<400> SEQUENCE: 49
cccaagcttg ccaccatgca tagcaaagtc acaatc 36

<210> SEQ ID NO 50

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Primer D

<400> SEQUENCE: 50

acgcgtcegac ttagagaccce acacaacttt ctttettg 38
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<210> SEQ ID NO 51

<211> LENGTH: 1701

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: PAL

<400> SEQUENCE: 51

atgaagacgc tgtcacaggc ccagtccaag acctcctcece agcagttctce cttecaccgge
aactcctceg ccaacgtgat catcggcaac cagaagctga ccatcaacga cgtggcccgce
gtggccegea acggcaccct ggtgtcecctg accaacaaca ccgacatcct gcagggcatc
caggcctcect gecgactacat caacaacgcc gtggagtceg gcegagcccat ctacggegtg
acctececgget teggeggcat ggccaacgtg gccatctceee gegagcaggce ctcecgagetg
cagaccaacc tggtgtggtt cctgaagacc ggcgccggca acaagctgcce cctggecgac
gtgcgcegeeg ccatgetget gegegccaac tcccacatge geggcgectce cggcatccege
ctcgagctga tcaagcgcat ggagatctte ctgaacgceg gegtgaccce ctacgtgtac
gagttcgget ccatcggege ctececggegac ctggtgccce tgtcctacat caccggetcec
ctgatcggec tggaccccte cttcaaggtg gacttcaacg gcaaggagat ggacgccccc
accgccctge geccagctgaa cctgtcccee ctgaccctge tgcccaagga gggectggec
atgatgaacg gcacctccgt gatgaccgge atcgccgcca actgegtgta cgacacccag
atcctgacceg ccatcgccat gggtgtacac gctctggaca tccaggccct gaacggcacce
aaccagtcct tccacccctt catccacaac tccaagcccce accccggcca gctgtgggece
gccgaccaga tgatctccct cctegccaac tcccagetgg tgcegcgacga gcectggacgge
aagcacgact accgcgacca cgagctgatc caggaccgct actccctgeg ctgectgecce
cagtacctgg gccccatcgt ggacggcatc tcccagatcg ccaagcagat cgagatcgag
atcaactccg tgaccgacaa ccccctgatce gacgtggaca accaggcctc ctaccacggce
ggcaacttce tgggccagta cgtgggcatg ggcatggacc acctgcgcta ctacatcgge
ctgctggecca agcacctgga cgtgcagatc gccectgetgg ccteccccga gttetccaac
ggcctgecce cctecctget gggcaaccgce gagcgcaagg tgaacatggg cctgaaggge
ctgcagatct gcggtaactc gataatgccce ctgctgacct tctacggcaa ctccatcgece
gaccgcttee ccacccacgce cgagcagttc aaccagaaca tcaactccca gggctacacc
teccgecacce tggccegeceg ctccegtggac atcttccaga actacgtgge catcegecctg
atgttcggeg ttcaagctgt agacctgcge acctacaaga agaccggcca ctacgacgcc
cgecgecteee tgtcccccege caccgagcege ctgtactceeg cegtgegceca cgtggtggge
cagaagccca cctccgaccg cccctacatce tggaacgaca acgagcaggg cctggacgag
cacatcgccc gcatctcecge cgacatcgca gcaggtggeg tgatcgtgca ggccgtgceag

gacatcctge cctcectgea ¢

<210> SEQ ID NO 52

<211> LENGTH: 1128

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: HSV-TK

<400> SEQUENCE: 52

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1701



US 2020/0131482 Al Apr. 30,2020
82

-continued
atggcttegt accccggceca tcagcacgeg tctgegtteg accaggetgce gegttcetege 60
ggccatagca accgacgtac ggcgttgege cctcegecgge agcaagaagce cacggaagtc 120
cgcceggage agaaaatgcce cacgctactg cgggtttata tagacggtcce ccacgggatg 180
gggaaaacca ccaccacgca actgctggtg geccctgggtt cgegcgacga tatcgtctac 240
gtacccgage cgatgactta ctggegggtg ctgggggett ccgagacaat cgcgaacatc 300
tacaccacac aacaccgcct tgaccagggt gagatatcgg ccggggacgce ggcggtggta 360
atgacaagcg cccagataac aatgggcatg ccttatgceg tgaccgacgce cgttctgget 420
cctcatateg ggggggaggce tgggagctca catgcccege cccecggecct caccctcatce 480
ttcgaccgec atcccatcge cgeccctectyg tgctaccegg ccegegegata ccttatggge 540
agcatgaccc cccaggccedgt gcectggegtte gtggcecteca tccecgecgac cttgecegge 600
acaaacatcg tgttggggge ccttccggag gacagacaca tcgaccgcct ggccaaacgc 660
cagcgecceg gcgageggcet tgacctgget atgetggeeg cgattegeeg cgtttacggg 720

ctgcttgeca atacggtgeg gtatctgeag ggeggegggt cgtggeggga ggattgggga 780

cagctttegg ggacggeegt gecgecccag ggtgecgage ccecagagcaa cgegggecca 840
cgaccccata tcggggacac gttatttace ctgttteggg cececgagtt getggecccce 900
aacggcgacce tgtacaacgt gtttgectgg gecttggacg tettggecaa acgecteegt 960

cccatgcacg tetttatcct ggattacgac caatcgeccg cecggctgceg ggacgccctg 1020
ctgcaactta ccteegggat gatccagacce cacgtcacca ccccaggcete cataccgacg 1080

atctgcgacce tggcgcgcac gtttgcccgg gagatggggg aggctaac 1128

<210> SEQ ID NO 53

<211> LENGTH: 474

<212> TYPE: DNA

<213> ORGANISM: Unknown
<220> FEATURE:

<223> OTHER INFORMATION: yCD

<400> SEQUENCE: 53

atggtgaccyg gcggcatgge ctccaagtgg gaccagaagg geatggacat cgectacgag 60
gaggccegece tgggctacaa ggagggegge gtgeccateg geggetgect gatcaacaac 120
aaggacggct cegtgetggg cegeggecac aacatgeget tecagaaggg ctecgecacce 180
ctgcacggeg agatctcecac cctggagaac tgeggecgece tggagggcaa ggtgtacaag 240
gacaccacce tgtacaccac cctgtceccce tgcgacatgt gcaccggege catcatcatg 300
tacggcatce ccegetgegt ggtgggegag aacgtgaact tcaagtccaa gggcgagaag 360
tacctgcaga ccegeggeca cgaggtggtyg gtggtggacg acgagegetyg caagaagatce 420
atgaagcagt tcatcgacga gegeccccag gactggtteg aggacategg cgag 474

<210> SEQ ID NO 54

<211> LENGTH: 1356

<212> TYPE: DNA

<213> ORGANISM: Unknown
<220> FEATURE:

<223> OTHER INFORMATION: PAH

<400> SEQUENCE: 54

atgtccactyg cggtectgga aaacccagge ttgggcagga aactctctga ctttggacag 60
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gaaacaagct atattgaaga caactgcaat caaaatggtg ccatatcact gatcttctca 120
ctcaaagaag aagttggtgc attggccaaa gtattgcget tatttgagga gaatgatgta 180
aacctgaccc acattgaatc tagaccttct cgtttaaaga aagatgagta tgaatttttce 240
acccatttgg ataaacgtag cctgcctgct ctgacaaaca tcatcaagat cttgaggcat 300
gacattggtg ccactgtcca tgagctttca cgagataaga agaaagacac agtgccctgg 360
ttcccaagaa ccattcaaga gctggacaga tttgccaatc agattctcag ctatggageg 420
gaactggatg ctgaccaccc tggttttaaa gatcctgtgt accgtgcaag acggaagcag 480
tttgctgaca ttgcctacaa ctaccgccat gggcagccca tccctcgagt ggaatacatg 540
gaggaagaaa agaaaacatg gggcacagtg ttcaagactc tgaagtcctt gtataaaacc 600
catgcttget atgagtacaa tcacattttt ccacttcttg aaaagtactg tggcttccat 660
gaagataaca ttccccagct ggaagacgtt tctcaattcce tgcagacttg cactggtttce 720
cgecctecgac ctgtggetgg cctgctttee tcetegggatt tettgggtgg cctggectte 780
cgagtcttcec actgcacaca gtacatcaga catggatcca agcccatgta tacccccgaa 840
cctgacatct geccatgaget gttgggacat gtgcccttgt tttcagatcg cagetttgec 900
cagttttccc aggaaattgg ccttgectet ctgggtgcac ctgatgaata cattgaaaag 960

ctcgccacaa tttactggtt tactgtggag tttgggctct gcaaacaagg agactccata 1020
aaggcatatg gtgctgggct cctgtcatce tttggtgaat tacagtactg cttatcagag 1080
aagccaaagc ttctcecccect ggagctggag aagacagcca tccaaaatta cactgtcacg 1140
gagttccage ccctgtatta cgtggcagag agttttaatg atgccaagga gaaagtaagg 1200
aactttgctg ccacaatacc tecggccectte tcagtteget acgacccata cacccaaagg 1260
attgaggtct tggacaatac ccagcagctt aagattttgg ctgattccat taacagtgaa 1320
attggaatcc tttgcagtgc cctccagaaa ataaag 1356
<210> SEQ ID NO 55

<211> LENGTH: 723

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: GTPCH

<400> SEQUENCE: 55

atggagaagc cgcggggagt caggtgcace aatgggttet cegagegtga actacctegt 60
cctggagcaa geccacctge agagaagtcee cgacctectg aagcaaaggdg cgcacagecg 120
gecgacgect ggaaggcagg geggcaccge agcgaggagg aaaaccaggt gaaccteccc 180
aaactggegyg ccgcttacte gtecattetg ctetegetgg gegaggacce ccageggceag 240
gggctgctca agacgcectg gagggeggee accgcecatge agtacttcac caagggatac 300
caggagacca tctcagatgt cctgaatgat getatatttg atgaagatca tgacgagatg 360
gtgattgtga aggacataga tatgttctcc atgtgtgage atcaccttgt tccatttgta 420
ggaagggtce atattggcta tcettcctaac aagcaagtcece ttggtctcag taaacttgec 480
aggattgtag aaatctacag tagacgacta caagttcaag agcgcctcac caaacagatt 540
geggtggeca tcacagaage cttgcagect getggegttg gagtagtgat tgaagegaca 600

cacatgtgca tggtaatgeg aggcgtgcag aaaatgaaca gcaagactgt cactagcacce 660
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atgctgggeg tgttecggga agaccccaag actcgggagyg agttectcac actaatcagg 720
agc 723
<210> SEQ ID NO 56
<211> LENGTH: 432
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: PTPS
<400> SEQUENCE: 56
atgagecgetg ctggtgatcet tecgtcegtegt gegegactgt cgegectegt gtecttcage 60
gegagcecace ggctgcacag cccatctetg agcgatgaag agaacttaag agtgtttggg 120
aaatgcaaca atccgaatgg ccacgggcac aactataaag ttgtggtgac agtccatgga 180
gagattgatc ctgttacagg aatggttatg aatttgaccg acctcaaaga atacatggag 240
gaggccatca tgaagcctct tgatcacaag aacctggacce tggatgtgec gtactttgeg 300
gatgctgtga gcacgacaga aaatgtagct gtctacatct gggaaagect ccagaaactt 360
cttccagtgg gagetcettta taaagtaaaa gtgtttgaaa ccgacaacaa catcgtagte 420
tataaaggag aa 432

<210> SEQ ID NO 57

<211> LENGTH: 783

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: SR (sepiapterin reductase)

<400> SEQUENCE: 57

atggagggceg ggctggggeg tgctgtgtge ttgctgaceg gggectcceg cggcttegge 60
cggacgctgg ccccgetect ggectegetg ctgtcegeceg getcegtget tgtecttage 120
gccegcaacyg acgaggcact gegccagetg gaggccgage tgggcgcecga geggtetgge 180

ctgegegtgyg tgcegggtgece cgecgacctyg ggegecgagg ceggettgea gecagetgete 240

ggcgeectge gegagetcee ceggeccaag gggctgcage gactgetget tatcaacaac 300
gegggetete ttggggatgt gtccaaagge ttegtggace tgagtgactce cactcaagtg 360
aacaactact gggcactgaa cttgacctce atgctctgec tgacttccag cgtcctgaag 420
gecttecegyg acagtcectgg cctcaacaga accgtggtta acatctegte cctetgtgec 480
ctgcaacctt tcaaaggetg ggegetgtac tgtgcaggaa aggetgetceg tgatatgetg 540
ttccaggtee tggegetgga ggaacctaat gtgagggtge tgaactatge cccaggtect 600
ctggacacag acatgcagca gttggecegg gagaccteeg tggacccaga catgcgaaaa 660

gggctgcagyg agctgaaggce aaaggggaag ctggtggatt gcaaggtgtce ageccagaaa 720
ctgctgaget tactggaaaa ggacgagtte aagtetggag cccacgtgga cttctatgac 780

aaa 783

<210> SEQ ID NO 58

<211> LENGTH: 4413

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Factor VIII minus B
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<400> SEQUENCE: 58

atgcaaatag agctctccac ctgcttettt ctgtgecttt tgcgattctg ctttagtgec 60
accagaagat actacctggg tgcagtggaa ctgtcatggg actatatgca aagtgatctc 120
ggtgagctge ctgtggacgc aagatttcct cctagagtgce caaaatcttt tccattcaac 180
acctcagtcg tgtacaaaaa gactctgttt gtagaattca cggatcacct tttcaacatc 240
gctaagccaa ggccaccctyg gatgggtcetg ctaggtccta ccatccagge tgaggtttat 300
gatacagtgg tcattacact taagaacatg gcttcccatc ctgtcagtct tcatgetgtt 360
ggtgtatcct actggaaagc ttctgaggga gctgaatatg atgatcagac cagtcaaagg 420
gagaaagaag atgataaagt cttccctggt ggaagccata catatgtctg gcaggtcctg 480
aaagagaatg gtccaatggc ctctgaccca ctgtgectta cctactcata tctttcetcat 540
gtggacctgg taaaagactt gaattcaggc ctcattggag ccctactagt atgtagagaa 600
gggagtctgg ccaaggaaaa gacacagacc ttgcacaaat ttatactact ttttgctgta 660
tttgatgaag ggaaaagttg gcactcagaa acaaagaact ccttgatgca ggatagggat 720
gctgcatetg ctegggectyg goctaaaatg cacacagtca atggttatgt aaacaggtcet 780
ctgccaggtc tgattggatg ccacaggaaa tcagtctatt ggcatgtgat tggaatgggce 840
accactcctg aagtgcactc aatattcctc gaaggtcaca catttcttgt gaggaaccat 900
cgccaggegt ccttggaaat ctcgccaata actttectta ctgctcaaac actcttgatg 960

gaccttggac agtttctact gttttgtcat atctcttcec accaacatga tggcatggaa 1020
gcttatgtca aagtagacag ctgtccagag gaaccccaac tacgaatgaa aaataatgaa 1080
gaagcggaag actatgatga tgatcttact gattctgaaa tggatgtggt caggtttgat 1140
gatgacaact ctccttectt tatccaaatt cgctcagttyg ccaagaagca tcctaaaact 1200
tgggtacatt acattgctgc tgaagaggag gactgggact atgctccctt agtcctcecgece 1260
ccecgatgaca gaagttataa aagtcaatat ttgaacaatg geccctcagceg gattggtagg 1320
aagtacaaaa aagtccgatt tatggcatac acagatgaaa cctttaagac tcgtgaagct 1380
attcagcatg aatcaggaat cttgggacct ttactttatg gggaagttgg agacacactg 1440
ttgattatat ttaagaatca agcaagcaga ccatataaca tctaccctca cggaatcact 1500
gatgtccgte ctttgtattc aaggagatta ccaaaaggtg taaaacattt gaaggatttt 1560
ccaattctgce caggagaaat attcaaatat aaatggacag tgactgtaga agatgggcca 1620
actaaatcag atcctcggtg cctgacccge tattactcecta gtttecgttaa tatggagaga 1680
gatctagcett caggactcat tggccctcectce ctcatctget acaaagaatc tgtagatcaa 1740
agaggaaacc agataatgtc agacaagagg aatgtcatcc tgttttctgt atttgatgag 1800
aaccgaagct ggtacctcac agagaatata caacgctttce tccccaatce agctggagtg 1860
cagcttgagg atccagagtt ccaagcctce aacatcatgce acagcatcaa tggctatgtt 1920
tttgatagtt tgcagttgtc agtttgtttg catgaggtgg catactggta cattctaagc 1980
attggagcac agactgactt cctttcectgte ttcecttctetg gatatacctt caaacacaaa 2040
atggtctatg aagacacact caccctattc ccattctcag gagaaactgt cttcatgtcg 2100
atggaaaacc caggtctatg gattctgggg tgccacaact cagactttcg gaacagaggc 2160

atgaccgect tactgaaggt ttctagttgt gacaagaaca ctggtgatta ttacgaggac 2220
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agttatgaag atatttcagc atacttgctg agtaaaaaca atgccattga accaagaagc 2280
ttctececcaga attcaagaca ccctagcact aggcaaaagce aatttaatgce caccccacca 2340
gtcttgaaac gccatcaacg ggaaataact cgtactactc ttcagtcaga tcaagaggaa 2400
attgactatg atgataccat atcagttgaa atgaagaagg aagattttga catttatgat 2460
gaggatgaaa atcagagccce ccgcagcettt caaaagaaaa cacgacacta ttttattget 2520
gcagtggaga ggctctggga ttatgggatg agtagctccc cacatgttct aagaaacagg 2580
gctcagagtyg gcagtgtcce tcagttcaag aaagttgttt tccaggaatt tactgatgge 2640
tcetttacte agccecttata ccgtggagaa ctaaatgaac atttgggact cctggggeca 2700
tatataagag cagaagttga agataatatc atggtaactt tcagaaatca ggcctctegt 2760
ccectattect tetattctag ccecttatttcet tatgaggaag atcagaggca aggagcagaa 2820
cctagaaaaa actttgtcaa gcctaatgaa accaaaactt acttttggaa agtgcaacat 2880
catatggcac ccactaaaga tgagtttgac tgcaaagcct gggcttattt ctcectgatgtt 2940
gacctggaaa aagatgtgca ctcaggcectg attggaccec ttetggtcectg ccacactaac 3000
acactgaacc ctgctcatgg gagacaagtg acagtacagg aatttgctct gtttttcacc 3060
atctttgatg agaccaaaag ctggtacttc actgaaaata tggaaagaaa ctgcagggct 3120
ccetgcaata tccagatgga agatcccact tttaaagaga attatcgctt ccatgcaatce 3180
aatggctaca taatggatac actacctggc ttagtaatgg ctcaggatca aaggattcga 3240
tggtatctge tcagcatggg cagcaatgaa aacatccatt ctattcattt cagtggacat 3300
gtgttcactg tacgaaaaaa agaggagtat aaaatggcac tgtacaatct ctatccaggt 3360
gtttttgaga cagtggaaat gttaccatcc aaagctggaa tttggcgggt ggaatgectt 3420
attggcgagce atctacatgc tgggatgagce acactttttc tggtgtacag caataagtgt 3480
cagactcccce tgggaatggce ttcectggacac attagagatt ttcagattac agcttcagga 3540
caatatggac agtgggcccc aaagctggcce agacttcatt attccggatc aatcaatgcece 3600
tggagcacca aggagccctt ttecttggatce aaggtggatc tgttggcacc aatgattatt 3660
cacggcatca agacccaggg tgcccgtcag aagttctceca gectctacat ctetcagttt 3720
atcatcatgt atagtcttga tgggaagaag tggcagactt atcgaggaaa ttccactgga 3780
accttaatgg tcttectttgg caatgtggat tcatctggga taaaacacaa tatttttaac 3840
cctccaatta ttgctcgata catccgtttg cacccaactc attatagcat tcgcagcact 3900
cttcgcatgg agttgatggg ctgtgattta aatagttgca gcatgccatt gggaatggag 3960
agtaaagcaa tatcagatgc acagattact gcttcatcct actttaccaa tatgtttgcece 4020
acctggtectce cttcaaaagc tcgacttcac ctccaaggga ggagtaatgce ctggagacct 4080
caggtgaata atccaaaaga gtggctgcaa gtggacttcc agaagacaat gaaagtcaca 4140
ggagtaacta ctcagggagt aaaatctctg cttaccagca tgtatgtgaa ggagttcctce 4200
atctccagca gtcaagatgg ccatcagtgg actctctttt ttcagaatgg caaagtaaag 4260
gtttttcagg gaaatcaaga ctccttcaca cctgtggtga actctctaga cccaccgtta 4320
ctgactcget accttcgaat tcacccccag agttgggtge accagattge cctgaggatg 4380

gaggttctgg gctgcgaggce acaggacctce tac 4413
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<210> SEQ ID NO 59
<211> LENGTH: 7053
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: Factor VIII
<400> SEQUENCE: 59
atgcaaatag agctctccac ctgcttettt ctgtgcecttt tgcgattetyg ctttagtgece 60
accagaagat actacctggg tgcagtggaa ctgtcatggg actatatgca aagtgatcte 120
ggtgagctge ctgtggacge aagatttcct cctagagtgce caaaatcttt tcecattcaac 180
acctcagteg tgtacaaaaa gactctgttt gtagaattca cggatcacct tttcaacate 240
gctaagccaa ggccaccctyg gatgggtetg ctaggtecta ccatccagge tgaggtttat 300
gatacagtgyg tcattacact taagaacatg gcttceccatce ctgtcagtet tcatgetgtt 360
ggtgtatcct actggaaagce ttctgaggga gctgaatatg atgatcagac cagtcaaagg 420
gagaaagaag atgataaagt cttccctggt ggaagccata catatgtcectg gecaggtcectg 480
aaagagaatg gtccaatggc ctctgaccca ctgtgcctta cctactcata tctttctcat 540
gtggacctygyg taaaagactt gaattcaggc ctcattggag ccctactagt atgtagagaa 600
gggagtctygyg ccaaggaaaa gacacagacc ttgcacaaat ttatactact ttttgctgta 660
tttgatgaag ggaaaagttg gcactcagaa acaaagaact ccttgatgca ggatagggat 720
getgcatetyg ctegggectyg gectaaaatg cacacagtca atggttatgt aaacaggtcet 780
ctgccaggte tgattggatg ccacaggaaa tcagtctatt ggcatgtgat tggaatggge 840
accactcctg aagtgcactc aatattectce gaaggtcaca catttettgt gaggaaccat 900
cgccaggegt ccttggaaat ctcgccaata actttcectta ctgctcaaac actcttgatg 960
gaccttggac agtttctact gttttgtcat atctcttcec accaacatga tggcatggaa 1020
gcttatgtca aagtagacag ctgtccagag gaaccccaac tacgaatgaa aaataatgaa 1080
gaagcggaag actatgatga tgatcttact gattctgaaa tggatgtggt caggtttgat 1140
gatgacaact ctccttectt tatccaaatt cgctcagttyg ccaagaagca tcctaaaact 1200
tgggtacatt acattgctgc tgaagaggag gactgggact atgctccctt agtcctcecgece 1260
ccecgatgaca gaagttataa aagtcaatat ttgaacaatg geccctcagceg gattggtagg 1320
aagtacaaaa aagtccgatt tatggcatac acagatgaaa cctttaagac tcgtgaagct 1380
attcagcatg aatcaggaat cttgggacct ttactttatg gggaagttgg agacacactg 1440
ttgattatat ttaagaatca agcaagcaga ccatataaca tctaccctca cggaatcact 1500
gatgtccgte ctttgtattc aaggagatta ccaaaaggtg taaaacattt gaaggatttt 1560
ccaattctgce caggagaaat attcaaatat aaatggacag tgactgtaga agatgggcca 1620
actaaatcag atcctcggtg cctgacccge tattactcecta gtttecgttaa tatggagaga 1680
gatctagcett caggactcat tggccctcectce ctcatctget acaaagaatc tgtagatcaa 1740
agaggaaacc agataatgtc agacaagagg aatgtcatcc tgttttctgt atttgatgag 1800
aaccgaagct ggtacctcac agagaatata caacgctttce tccccaatce agctggagtg 1860
cagcttgagg atccagagtt ccaagcctce aacatcatgce acagcatcaa tggctatgtt 1920
tttgatagtt tgcagttgtc agtttgtttg catgaggtgg catactggta cattctaagc 1980
attggagcac agactgactt cctttcectgte ttcecttctetg gatatacctt caaacacaaa 2040
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atggtctatg aagacacact caccctattc ccattctcag gagaaactgt cttcatgtcg 2100
atggaaaacc caggtctatg gattctgggg tgccacaact cagactttcg gaacagaggc 2160
atgaccgect tactgaaggt ttctagttgt gacaagaaca ctggtgatta ttacgaggac 2220
agttatgaag atatttcagc atacttgctg agtaaaaaca atgccattga accaagaagc 2280
ttctececcaga attcaagaca ccctagcact aggcaaaagce aatttaatgce caccacaatt 2340
ccagaaaatg acatagagaa gactgaccct tggtttgcac acagaacacc tatgcctaaa 2400
atacaaaatg tctcctctag tgatttgttg atgctcttge gacagagtcce tactccacat 2460
gggctatccect tatctgatct ccaagaagcc aaatatgaga ctttttectga tgatccatca 2520
cctggagcaa tagacagtaa taacagcctg tctgaaatga cacacttcag gccacagcetce 2580
catcacagtg gggacatggt atttacccct gagtcaggcce tccaattaag attaaatgag 2640
aaactgggga caactgcagc aacagagttg aagaaacttg atttcaaagt ttctagtaca 2700
tcaaataatc tgatttcaac aattccatca gacaatttgg cagcaggtac tgataataca 2760
agttccttag gacccccaag tatgccagtt cattatgata gtcaattaga taccactcta 2820
tttggcaaaa agtcatctcc ccttactgag tctggtggac ctctgagctt gagtgaagaa 2880
aataatgatt caaagttgtt agaatcaggt ttaatgaata gccaagaaag ttcatgggga 2940
aaaaatgtat cgtcaacaga gagtggtagg ttatttaaag ggaaaagagc tcatggacct 3000
gctttgttga ctaaagataa tgccttattc aaagttagca tcectcectttgtt aaagacaaac 3060
aaaacttcca ataattcagc aactaataga aagactcaca ttgatggccc atcattatta 3120
attgagaata gtccatcagt ctggcaaaat atattagaaa gtgacactga gtttaaaaaa 3180
gtgacacctt tgattcatga cagaatgctt atggacaaaa atgctacagc tttgaggcta 3240
aatcatatgt caaataaaac tacttcatca aaaaacatgg aaatggtcca acagaaaaaa 3300
gagggccceca ttccaccaga tgcacaaaat ccagatatgt cgttctttaa gatgctattce 3360
ttgccagaat cagcaaggtg gatacaaagg actcatggaa agaactctct gaactctggg 3420
caaggcccca gtccaaagca attagtatce ttaggaccag aaaaatctgt ggaaggtcag 3480
aatttcttgt ctgagaaaaa caaagtggta gtaggaaagg gtgaatttac aaaggacgta 3540
ggactcaaag agatggtttt tccaagcagc agaaacctat ttcttactaa cttggataat 3600
ttacatgaaa ataatacaca caatcaagaa aaaaaaattc aggaagaaat agaaaagaag 3660
gaaacattaa tccaagagaa tgtagttttg cctcagatac atacagtgac tggcactaag 3720
aatttcatga agaacctttt cttactgagc actaggcaaa atgtagaagg ttcatatgac 3780
ggggcatatg ctccagtact tcaagatttt aggtcattaa atgattcaac aaatagaaca 3840
aagaaacaca cagctcattt ctcaaaaaaa ggggaggaag aaaacttgga aggcttggga 3900
aatcaaacca agcaaattgt agagaaatat gcatgcacca caaggatatc tcctaataca 3960
agccagcaga attttgtcac gcaacgtagt aagagagctt tgaaacaatt cagactccca 4020
ctagaagaaa cagaacttga aaaaaggata attgtggatg acacctcaac ccagtggtcc 4080
aaaaacatga aacatttgac cccgagcacc ctcacacaga tagactacaa tgagaaggag 4140
aaaggggcca ttactcagtc tcecccttatca gattgcectta cgaggagtca tagcatccect 4200
caagcaaata gatctccatt acccattgca aaggtatcat catttccatc tattagacct 4260

atatatctga ccagggtcct attccaagac aactcttetce atcttccage agcatcttat 4320
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agaaagaaag attctggggt ccaagaaagc agtcatttct tacaaggagc caaaaaaaat 4380
aacctttett tagccattcect aaccttggag atgactggtg atcaaagaga ggttggctcce 4440
ctggggacaa gtgccacaaa ttcagtcaca tacaagaaag ttgagaacac tgttctcccg 4500
aaaccagact tgcccaaaac atctggcaaa gttgaattgce ttccaaaagt tcacatttat 4560
cagaaggacc tattccctac ggaaactagc aatgggtcectc ctggccatct ggatctegtg 4620
gaagggagcce ttcttcaggg aacagaggga gcgattaagt ggaatgaagc aaacagacct 4680
ggaaaagttc cctttctgag agtagcaaca gaaagctctg caaagactcc ctccaagcta 4740
ttggatccte ttgcttggga taaccactat ggtactcaga taccaaaaga agagtggaaa 4800
tcccaagaga agtcaccaga aaaaacagct tttaagaaaa aggataccat tttgtccctg 4860
aacgcttgtg aaagcaatca tgcaatagca gcaataaatyg agggacaaaa taagcccgaa 4920
atagaagtca cctgggcaaa gcaaggtagg actgaaaggce tgtgctctca aaacccacca 4980
gtcttgaaac gccatcaacg ggaaataact cgtactactc ttcagtcaga tcaagaggaa 5040
attgactatg atgataccat atcagttgaa atgaagaagg aagattttga catttatgat 5100
gaggatgaaa atcagagccce ccgcagcettt caaaagaaaa cacgacacta ttttattget 5160
gcagtggaga ggctctggga ttatgggatg agtagctccc cacatgttct aagaaacagg 5220
gctcagagtyg gcagtgtcce tcagttcaag aaagttgttt tccaggaatt tactgatgge 5280
tcetttacte agccecttata ccgtggagaa ctaaatgaac atttgggact cctggggeca 5340
tatataagag cagaagttga agataatatc atggtaactt tcagaaatca ggcctctegt 5400
ccectattect tetattctag ccecttatttcet tatgaggaag atcagaggca aggagcagaa 5460
cctagaaaaa actttgtcaa gcctaatgaa accaaaactt acttttggaa agtgcaacat 5520
catatggcac ccactaaaga tgagtttgac tgcaaagcct gggcttattt ctcectgatgtt 5580
gacctggaaa aagatgtgca ctcaggcectg attggaccec ttetggtcectg ccacactaac 5640
acactgaacc ctgctcatgg gagacaagtg acagtacagg aatttgctct gtttttcacc 5700
atctttgatg agaccaaaag ctggtacttc actgaaaata tggaaagaaa ctgcagggct 5760
ccetgcaata tccagatgga agatcccact tttaaagaga attatcgctt ccatgcaatce 5820
aatggctaca taatggatac actacctggc ttagtaatgg ctcaggatca aaggattcga 5880
tggtatctge tcagcatggg cagcaatgaa aacatccatt ctattcattt cagtggacat 5940
gtgttcactg tacgaaaaaa agaggagtat aaaatggcac tgtacaatct ctatccaggt 6000
gtttttgaga cagtggaaat gttaccatcc aaagctggaa tttggcgggt ggaatgectt 6060
attggcgagce atctacatgc tgggatgagce acactttttc tggtgtacag caataagtgt 6120
cagactcccce tgggaatggce ttcectggacac attagagatt ttcagattac agcttcagga 6180
caatatggac agtgggcccc aaagctggcce agacttcatt attccggatc aatcaatgcece 6240
tggagcacca aggagccctt ttecttggatce aaggtggatc tgttggcacc aatgattatt 6300
cacggcatca agacccaggg tgcccgtcag aagttctceca gectctacat ctetcagttt 6360
atcatcatgt atagtcttga tgggaagaag tggcagactt atcgaggaaa ttccactgga 6420
accttaatgg tcttectttgg caatgtggat tcatctggga taaaacacaa tatttttaac 6480
cctccaatta ttgctcgata catccgtttg cacccaactc attatagcat tcgcagcact 6540

cttcgcatgg agttgatggg ctgtgattta aatagttgca gcatgccatt gggaatggag 6600
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agtaaagcaa tatcagatgc acagattact gcttcatcct actttaccaa tatgtttgcece 6660
acctggtectce cttcaaaagc tcgacttcac ctccaaggga ggagtaatgce ctggagacct 6720
caggtgaata atccaaaaga gtggctgcaa gtggacttcc agaagacaat gaaagtcaca 6780
ggagtaacta ctcagggagt aaaatctctg cttaccagca tgtatgtgaa ggagttcctce 6840
atctccagca gtcaagatgg ccatcagtgg actctctttt ttcagaatgg caaagtaaag 6900
gtttttcagg gaaatcaaga ctccttcaca cctgtggtga actctctaga cccaccgtta 6960
ctgactcget accttcgaat tcacccccag agttgggtge accagattge cctgaggatg 7020
gaggttctgg gctgcgaggce acaggacctce tac 7053
<210> SEQ ID NO 60

<211> LENGTH: 1827

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Albumin

<400> SEQUENCE: 60

atgaagtggg taacctttat ttcccttett tttetettta geteggetta ttccaggggt 60
gtgtttegte gagatgcaca caagagtgag gttgctcatce ggtttaaaga tttgggagaa 120
gaaaatttca aagccttggt gttgattgecce tttgctcagt atcttcagca gtgtccattt 180
gaagatcatyg taaaattagt gaatgaagta actgaatttg caaaaacatg tgttgctgat 240
gagtcagcetyg aaaattgtga caaatcactt catacccttt ttggagacaa attatgcaca 300
gttgcaacte ttcgtgaaac ctatggtgaa atggctgact gectgtgcaaa acaagaacct 360
gagagaaatyg aatgcttctt gcaacacaaa gatgacaacc caaacctccc ccgattggtg 420
agaccagagg ttgatgtgat gtgcactgcet tttcatgaca atgaagagac atttttgaaa 480
aaatacttat atgaaattgc cagaagacat ccttactttt atgccccgga actcctttte 540
tttgctaaaa ggtataaagc tgcttttaca gaatgttgec aagctgctga taaagcetgece 600
tgcctgttge caaagctcga tgaacttecgg gatgaaggga aggcttegte tgccaaacag 660
agactcaagt gtgccagtct ccaaaaattt ggagaaagag ctttcaaagc atgggcagta 720
gctegectga gecagagatt tcccaaaget gagtttgcag aagtttccaa gttagtgaca 780
gatcttacca aagtccacac ggaatgctge catggagatc tgcttgaatg tgctgatgac 840
agggcggace ttgccaagta tatctgtgaa aatcaagatt cgatctccag taaactgaag 900
gaatgctgtyg aaaaacctct gttggaaaaa tcccactgca ttgccgaagt ggaaaatgat 960

gagatgcctg ctgacttgce ttcattaget gectgattttg ttgaaagtaa ggatgtttge 1020

aaaaactatg ctgaggcaaa ggatgtcttc ctgggcatgt ttttgtatga atatgcaaga 1080

aggcatcctg attactctgt cgtgctgctg ctgagacttg ccaagacata tgaaaccact 1140

ctagagaagt gctgtgccge tgcagatcct catgaatgct atgccaaagt gttcgatgaa 1200

tttaaacctc ttgtggaaga gcctcagaat ttaatcaaac aaaattgtga getttttgag 1260

cagcttggag agtacaaatt ccagaatgcg ctattagttc gttacaccaa gaaagtaccc 1320

caagtgtcaa ctccaactct tgtagaggtc tcaagaaacc taggaaaagt gggcagcaaa 1380

tgttgtaaac atcctgaagc aaaaagaatg ccctgtgcag aagactatct atccgtggtce 1440

ctgaaccagt tatgtgtgtt gcatgagaaa acgccagtaa gtgacagagt caccaaatgc 1500



US 2020/0131482 Al Apr. 30,2020
91

-continued

tgcacagaat ccttggtgaa caggcgacca tgcttttcag ctctggaagt cgatgaaaca 1560
tacgttccca aagagtttaa tgctgaaaca ttcaccttec atgcagatat atgcacactt 1620
tctgagaagg agagacaaat caagaaacaa actgcacttg ttgagctcgt gaaacacaag 1680
cccaaggcaa caaaagagca actgaaagct gttatggatg atttcgcage ttttgtagag 1740
aagtgctgca aggctgacga taaggagacc tgctttgcecg aggagggtaa aaaacttgtt 1800
gctgcaagte aagctgectt aggctta 1827
<210> SEQ ID NO 61

<211> LENGTH: 1389

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Factor IX

<400> SEQUENCE: 61

gecaccatge agcgcgtgaa catgatcatg gcagaatcac caggcctcat caccatctge 60
cttttaggat atctactcag tgctgaatgt acagttttte ttgatcatga aaacgccaac 120
aaaattctga atcggccaaa gaggtataat tcaggtaaat tggaagagtt tgttcaaggg 180
aaccttgaga gagaatgtat ggaagaaaag tgtagttttyg aagaagcacyg agaagttttt 240
gaaaacactyg aaagaacaac tgaattttgg aagcagtatg ttgatggaga tcagtgtgag 300
tccaatccat gtttaaatgg cggcagttge aaggatgaca ttaattccta tgaatgttgg 360
tgtcectttyg gatttgaagg aaagaactgt gaattagatyg taacatgtaa cattaagaat 420
ggcagatgeyg agcagttttg taaaaatagt gctgataaca aggtggtttg ctectgtact 480
gagggatatc gacttgcaga aaaccagaag tcctgtgaac cagcagtgcc atttccatgt 540
ggaagagttt ctgtttcaca aacttctaag ctcaccegtyg ctgagactgt ttttecctgat 600
gtggactatyg taaattctac tgaagctgaa accattttgg ataacatcac tcaaagcacc 660
caatcattta atgacttcac tcgggttgtt ggtggagaag atgccaaacc aggtcaatte 720
ccttggcagg ttgttttgaa tggtaaagtt gatgcattct gtggaggctce tatcgttaat 780
gaaaaatgga ttgtaactgc tgcccactgt gttgaaactg gtgttaaaat tacagttgtce 840
gcaggtgaac ataatattga ggagacagaa catacagagc aaaagcgaaa tgtgattcga 900
attattccte accacaacta caatgcagcet attaataagt acaaccatga cattgcecctt 960

ctggaactgg acgaaccctt agtgctaaac agctacgtta cacctatttg cattgctgac 1020
aaggaataca cgaacatctt cctcaaattt ggatctggct atgtaagtgg ctggggaaga 1080
gtcttccaca aagggagatc agctttagtt cttcagtacc ttagagttcc acttgttgac 1140
cgagccacat gtcttcgatc tacaaagttc accatctata acaacatgtt ctgtgctggce 1200
ttccatgaag gaggtagaga ttcatgtcaa ggagatagtg ggggacccca tgttactgaa 1260
gtggaaggga ccagtttctt aactggaatt attagctggg gtgaagagtg tgcaatgaaa 1320
ggcaaatatg gaatatatac caaggtatcc cggtatgtca actggattaa ggaaaaaaca 1380
aagctcact 1389
<210> SEQ ID NO 62

<211> LENGTH: 432

<212> TYPE: DNA
<213> ORGANISM: Unknown
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<220> FEATURE:
<223> OTHER INFORMATION: H-FABP
<400> SEQUENCE: 62
atggtggacg ctttectggg cacctggaag ctagtggaca gcaagaattt cgatgactac 60
atgaagtcac tcgctcatat actcataacc tteccccectac cctcaggtgt gggttttget 120
accaggcagg tggccagcat gaccaagect accacaatca tcgaaaagaa tggggacatt 180
ctcaccctaa aaacacacag caccttcaag aacacagaga tcagctttaa gttgggggtg 240
gagttcgatyg agacaacagc agatgacagg aaggtcaagt ccattgtgac actggatgga 300
gggaaacttyg ttcacctgca gaaatgggac gggcaagaga ccacacttgt gegggagceta 360
attgatggaa aactcatcct gacactcacc cacggcactyg cagtttgcac tcgcacttat 420
gagaaagagg ca 432
<210> SEQ ID NO 63
<211> LENGTH: 462
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: Myocardial myoglobin
<400> SEQUENCE: 63
atggggctca gcgacgggga atggcagttg gtgctgaacyg tcetgggggaa ggtggagget 60
gacatcccag gccatgggca ggaagtcecte atcaggetcet ttaagggtca cccagagact 120
ctggagaagt ttgacaagtt caagcacctg aagtcagagyg acgagatgaa ggcgtctgag 180
gacttaaaga agcatggtgc caccgtgctce accgcectgg gtggcatcect taagaagaag 240
gggcatcatyg aggcagagat taagcccctg gcacagtcege atgccaccaa gcacaagatce 300
ccegtgaagt acctggagtt catcteggaa tgcatcatcee aggttctgea gagcaagcat 360
cceggggact ttggtgetga tgcccagggg gecatgaaca aggcecctgga getgttecegg 420
aaggacatgg cctccaacta caaggagctg ggcttccagg gc 462
<210> SEQ ID NO 64
<211> LENGTH: 1293
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: GFAP
<400> SEQUENCE: 64
atggagagga gacgcatcac ctccgetget cgecgctect acgtetcecte aggggagatg 60
atggtggggg gcctggetee tggccgecgt ctgggtectyg gcacccegect ctceectgget 120
cgaatgcccee ctccactecce gacccgggtg gatttcetece tggetgggge actcaatget 180
ggcttcaagyg agacccggge cagtgagegg gcagagatga tggagctcaa tgaccgettt 240
gccagctaca tcgagaaggt tcegettectg gaacagcaaa acaaggcegcet ggetgctgag 300
ctgaaccagce tgcgggccaa ggagcccacce aagcetggcag acgtctacca ggctgagetg 360
cgagagcetge ggctgegget cgatcaactce accgccaaca gegeccgget ggaggttgag 420
agggacaatc tggcacagga cctggccact gtgaggcaga agctccagga tgaaaccaac 480
ctgaggcetgg aagccgagaa caacctgget gectatagac aggaagcaga tgaagccace 540

ctggecegte tggatctgga gaggaagatt gagtegetgg aggaggagat cceggttettg 600
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aggaagatcc acgaggagga ggttcgggaa ctccaggage agctggcccg acagcaggtce 660
catgtggagc ttgacgtggce caagccagac ctcaccgcag ccctgaaaga gatccgcacg 720
cagtatgagg caatggcgtc cagcaacatg catgaagccg aagagtggta ccgctccaag 780
tttgcagacc tgacagacgc tgctgcccge aacgcggage tgctccgcca ggccaagcac 840
gaagccaacg actaccggceg ccagttgcag tccttgacct gegacctgga gtctctgege 900

ggcacgaacyg agtccctgga gaggcagatg cgcgagcagg aggagceggca cgtgcegggag 960
geggecagtt atcaggagge gctggegegg ctggaggaag aggggcagag cctcaaggac 1020
gagatggccc gccacttgca ggagtaccag gacctgctca atgtcaagcet ggccctggac 1080
atcgagatcg ccacctacag gaagctgeta gagggcgagyg agaaccggat caccattcce 1140
gtgcagacct tctccaacct gcagattcga gggggcaaaa gcaccaaaga cggggaaaat 1200
cacaaggtca caagatatct caaaagcctc acaatacgag ttataccaat acaggctcac 1260
cagattgtaa atggaacgcc gccggctcge ggt 1293
<210> SEQ ID NO 65

<211> LENGTH: 276

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: S100B

<400> SEQUENCE: 65

atgtctgage tggagaaggc catggtggece ctcatcgacyg ttttccacca atattctgga 60
agggagggag acaagcacaa gctgaagaaa tccgaactga aggagctcat caacaatgag 120
cttteccatt tcttagagga aatcaaagag caggaggttyg tggacaaagt catggaaaca 180
ctggacaatg atggagacgg cgaatgtgac ttccaggaat tcatggectt tgttgecatg 240
gttactactg cctgccacga gttcectttgaa catgag 276

<210> SEQ ID NO 66

<211> LENGTH: 1069

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: PYY (Homo sapiens

<400> SEQUENCE: 66

gecectggag gaactgaacc cactatcggt catggggeceg agactaaatyg tggegggttg 60
tctttaatct gectgccaaga ggaaactcat tcaggcaagt tcagcecttt atgaggaatt 120
ccectgtggt cacattcecaa ttectggace tgetgecace ctcagaactg catgetectt 180
cttcagactt tctaagaatg actcaggtca ttggtggagt gaagtcaaga tttccaacte 240
agtcacctga agagatggag ataccattca tggagctgga ggtccctgga gatttgggaa 300
ttcagataac aagctaagat aaggagtttg cctacctctg tectagageg aagcectgage 360
cttgggegeg cagcacacca caagtatetg ttactgtgtt ttgcagaage ttcaggeggg 420
gatataagce ccacaaggaa agcgctgage agaggaggece tcagettgac ctgeggeagt 480
gecagcecttyg ggacttecct cgecttecac ctectgeteg tetgettcac aagetatege 540
tatggtgtte gtgcgcagge cgtggecege cttgaccaca gtgettetgg ccctgetegt 600

ctgcectaggyg gegetggteg acgectacce catcaaacce gaggctcecg gcgaagacgce 660
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ctcgecggag gagctgaacce gctactacge ctcecctgege cactacctca acctggtcac 720
ccggcagegg tatgggaaaa gagacggccc ggacacgctt ctttccaaaa cgttcttcecce 780

cgacggcegag gaccgeccceg tcaggtegeg gteggaggge ccagacctgt ggtgaggace 840
cctgaggect cctgggagat ctgccaacca cgeccacgte atttgcatac gcactcccga 900
ccccagaaac ccggattetg cctcececgacg geggegtetyg ggcagggtte gggtgeggece 960
ctececgececge gtcecteggtge ccccgecccee tgggctggag ggctgtgtgt ggtecttece 1020
tggtcccaaa ataaagagca aattccacag aaacggaaaa aaaaaaaaa 1069
<210> SEQ ID NO 67

<211> LENGTH: 3670

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: TIMP2 (Homo sapiens)

<400> SEQUENCE: 67

cgcagcaaac acatccgtag aaggcagege ggecgcecgag aaccgcageyg ccgctegece 60

gecgecceee acceegecge cecgecegge gaattgegee cegegecect cceectegege 120

cceccgagaca aagaggagag aaagtttgeg cggecgageg gggcaggtga ggagggtgag 180

cegegeggga ggggecagece teggeccegg ctecageccee gecegegece ccagecegec 240
gecgegagea gegeccggac ccecccagegyg cggeccaege cegeccageo ccecggecey 300
ccatgggege cgeggeccge accctgegge tggegetegg cetectgetyg ctggegacge 360
tgcttegece ggccgacgee tgcagetget ccecggtgea cecgcaacag gegttttgea 420
atgcagatgt agtgatcagg gccaaagegg tcagtgagaa ggaagtggac tctggaaacg 480
acatttatgg caaccctatc aagaggatcce agtatgagat caagcagata aagatgttca 540
aagggcctga gaaggatata gagtttatct acacggecce ctecteggea gtgtgtgggg 600
tctegetgga cgttggagga aagaaggaat atctcattge aggaaaggece gagggggacg 660
gcaagatgca catcacccte tgtgacttca tegtgccctg ggacaccctyg agcaccacec 720
agaagaagag cctgaaccac aggtaccaga tgggetgega gtgcaagate acgegetgece 780
ccatgatcce gtgctacate tecteccegg acgagtgect ctggatggac tgggtcacag 840
agaagaacat caacgggcac caggccaagt tcttegectg catcaagaga agtgacggcet 900
cctgtgegtyg gtaccgegge geggegecce ccaagcagga gtttcetegac atcgaggace 960

cataagcagg cctccaacge cectgtggece aactgcaaaa aaagcectcca agggtttcega 1020

ctggtccage tctgacatcce cttcecctggaa acagcatgaa taaaacactce atcccatggg 1080

tccaaattaa tatgattctg cteccccectt ctecttttag acatggttgt gggtcectggag 1140

ggagacgtgg gtccaaggtc ctcatcccat cctcecectcetg ccaggcacta tgtgtcectggg 1200

gcttegatee ttgggtgcag gcagggctgg gacacgcggce ttecceccteccca gtecectgect 1260

tggcaccgtc acagatgcca agcaggcagce acttagggat ctcccagctg ggttagggca 1320

gggcctggaa atgtgcattt tgcagaaact tttgagggtc gttgcaagac tgtgtagcag 1380

gcctaccagg tcecectttcat cttgagaggg acatggccct tgttttetge agecttccacy 1440

cctectgcecact cectgceccect ggcaagtgct cccatcgecce cggtgcccac catgagcectcece 1500

cagcacctga ctcceccccac atccaagggce agectggaac cagtggctag ttcecttgaagg 1560
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agccccatca atcctattaa tectcagaat tccagtggga gectcecctet gagecttgta 1620

gaaatgggag cgagaaaccc cagctgagct gecgttceccage ctcagctgag tcetttttggt 1680

ctgcacccac ccccocacce cococeeeee goccacatge tecccagett gcaggaggaa 1740

tcggtgaggt cctgtcecctga ggctgctgte cggggceggt ggctgcccte aaggtcecectt 1800

ccetagetge tgcecggttgece attgettcett gectgttetg gecatcaggca cctggattga 1860

gttgcacagc tttgctttat ccgggcttgt gtgcagggec cggctgggcet ccccatctge 1920

acatcctgag gacagaaaaa gctgggtctt gctgtgceect cccaggctta gtgttceecte 1980

cctcaaagac tgacagccat cgttctgcac ggggctttet gecatgtgacg ccagctaagce 2040

atagtaagaa gtccagccta ggaagggaag gattttggag gtaggtggct ttggtgacac 2100

actcacttct ttctcagect ccaggacact atggcctgtt ttaagagaca tcecttattttt 2160

ctaaaggtga attctcagat gataggtgaa cctgagttgc agatatacca acttctgcett 2220

gtatttctta aatgacaaag attacctagc taagaaactt cctagggaac tagggaacct 2280

atgtgttcce tcagtgtggt ttecctgaage cagtgatatg ggggttagga taggaagaac 2340

tttcteggta atgataagga gaatctcecttg tttectecca cctgtgttgt aaagataaac 2400

tgacgatata caggcacatt atgtaaacat acacacgcaa tgaaaccgaa gcttggcggce 2460

ctgggegtgg tcttgcaaaa tgcttccaaa gccaccttag cctgttctat tcagcecggcaa 2520

ccccaaagca cctgttaaga ctectgacce ccaagtggea tgcageccce atgcccacceg 2580

ggacctggte agcacagatc ttgatgactt ccctttctag ggcagactgg gagggtatcce 2640

aggaatcggce ccctgcccca cgggegtttt catgctgtac agtgacctaa agttggtaag 2700

atgtcataat ggaccagtcc atgtgatttc agtatataca actccaccag acccctccaa 2760

cccatataac accccaccec tgttcegette ctgtatggtg atatcatatg taacatttac 2820

tcetgtttet getgattgtt tttttaatgt tttggtttgt ttttgacatc agctgtaatce 2880

attcctgtge tgtgtttttt attacccttg gtaggtatta gacttgcact tttttaaaaa 2940

aaggtttctg catcgtggaa gcatttgacc cagagtggaa cgcgtggcct atgcaggtgg 3000

attccttcag gtcecttteett tggttcetttg agcatctttg ctttcatteg teteccegtet 3060

ttggttctce agttcaaatt attgcaaagt aaaggatctt tgagtaggtt cggtctgaaa 3120

ggtgtggect ttatatttga tccacacacg ttggtctttt aaccgtgctg agcagaaaac 3180

aaaacaggtt aagaagagcc gggtggcage tgacagagga agccgctcaa ataccttcac 3240

aataaatagt ggcaatatat atatagttta agaaggctct ccatttggca tcgtttaatt 3300

tatatgttat gttctaagca cagctctctt ctecctatttt catcctgcaa gcaactcaaa 3360

atatttaaaa taaagtttac attgtagtta ttttcaaatc tttgcttgat aagtattaag 3420

aaatattgga cttgctgccg taatttaaag ctctgttgat tttgtttcecg tttggatttt 3480

tgggggaggg gagcactgtg tttatgctgg aatatgaagt ctgagacctt ccggtgectgg 3540

gaacacacaa gagttgttga aagttgacaa gcagactgcg catgtctctg atgctttgta 3600

tcattcttga gcaatcgcte ggtccgtgga caataaacag tattatcaaa gagaaaaaaa 3660

aaaaaaaaaa 3670
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1. A physiologically-tailored tissue organoid, comprising:

a plurality of genetically engineered cells comprising at
least one recombinant gene encoding a therapeutic
agent,

wherein when the therapeutic agent is administered to an

individual in need thereof, the therapeutic agent
improves the individual’s health.

2. The physiologically-tailored tissue organoid of claim 1,
wherein the tissue organoid comprises a stratified skin graft
grown from cells taken from an individual.

3. The physiologically-tailored tissue organoid of claim 1,
wherein the tissue organoid comprises a cultured skin graft
grown from embryonic stem cells, human induced pluripo-
tent stem cells, epidermal stem cells, or keratinocytes.

4-9. (canceled)

10. The physiologically-tailored tissue organoid of claim
1, wherein the therapeutic agent comprises an enzyme, a
protein, a clotting factor, a vitamin, a peptide, a lipid, a toxin,
or a combination thereof.

11. The physiologically-tailored tissue organoid of claim
10, wherein expression of the therapeutic agent is inducible
by an inducer.

12-28. (canceled)

29. A method of treating an individual in need thereof for
a disease, disorder, or addiction, comprising:

contacting a tissue organoid to the individual, the tissue

organoid comprising a population of genetically engi-
neered cells comprising at least one recombinant gene
encoding a therapeutic agents.

30. The method of claim 29, wherein the tissue organoid
is biointegrated into the individual by grafting or surgical
implantation.

31. The method of claim 29, wherein the disease or
disorder is PKU or hemophilia, and

wherein the addiction is one or more of cocaine addiction,

alcoholism, nicotine addiction, or amphetamine addic-
tion.

32-49. (canceled)

50. The physiologically-tailored tissue organoid of claim
1, wherein the therapeutic agent comprises phenylalanine
ammonia lyase (PAL).
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51. The physiologically-tailored tissue organoid of claim
1, wherein the therapeutic agent improves the individual’s
health by treating phenylketonuria (PKU).

52. The physiologically-tailored tissue organoid of claim
1, wherein the therapeutic agent comprises Factor VIII or
Factor IX.

53. The physiologically-tailored tissue organoid of claim
52, wherein the therapeutic agent is conjugated with albu-
min.

54. The physiologically-tailored tissue organoid of claim
1, wherein the therapeutic agent improves the individual’s
health by treating hemophilia.

55. The physiologically-tailored tissue organoid of claim
1, wherein the therapeutic agent comprises hBChE.

56. The physiologically-tailored tissue organoid of claim
55, wherein the therapeutic agent improves the individual’s
health by treating cocaine addiction.

57. The physiologically-tailored tissue organoid of claim
1, wherein the therapeutic agent comprises one or more of
DkTx, VaTx, glucagon-like peptide 1 (GLP-1), a GLP-1
analog, a modified GLP-1 (mGLP1), and a mGLP1 analog.

58. The physiologically-tailored tissue organoid of claim
57, wherein the therapeutic agent is inducible by alcohol
consumption by the individual.

59. The physiologically-tailored tissue organoid of claim
58, wherein the therapeutic agent improves the individual’s
health by treating alcoholism.

60. The physiologically-tailored tissue organoid of claim
1, wherein the therapeutic agent improves the individual’s
health by treating nicotine or amphetamine addiction.

61. A method of treating an individual in need thereof for
a disease, disorder, or addiction, comprising:

contacting a tissue organoid to the individual, the tissue

organoid comprising a population of genetically engi-
neered cells comprising at least one recombinant gene
encoding a therapeutic agent, wherein expression of the
therapeutic agent is inducible by an inducer; and
administering an inducer to the individual to induce
expression of the therapeutic agent.
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