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NOVEL DELIVERY OF LARGE PAYLOADS
RELATED APPLICATIONS AND INCORPUORATION BY REFERENCE

{6001} This application claims priority to and benefit of U.S. Provisional Patent Application
62/485,625 filed April 14, 2017

[0002] All documents cited herein or in any applications cited herein or during their
prosecution (“appln cited documents”) and all documents cited or referenced in the appln cited
docurnents, and all documents cited or referenced herein (“herein cited documents”), and all
documents cited or referenced in herein cited documents, together with any manufacturer’s
instructions, descriptions, product specifications, and product sheets for any products mentioned
herein or in any document incorporated by reference herein, are hereby incorporated herein by
reference, and may be employed in the practice of the mvention. More specifically, all
referenced documents are incorporated by reference to the same extent as if each individual

document was specifically and individually indicated to be incorporated by reference.
FEDERAL FUNDING LEGEND

{6003} This invention was made with government support under grant numbers MH100706
and MH110049 awarded by the National Institutes of Health. The government has certain rights

in the invention.
FIELD OF THE INVENTION

{0004] The present inventions generally relate to delivery of large payloads and includes
novel delivery particles, particularly using lipid and viral particle, and also novel viral capsids,
both suitable to deliver large payloads, such as Clustered Regularly Interspaced Short
Palindromic Repeats (CRISPR), CRISPR protein {e.g., Cas, Cas9, Cpfl, Casl3a, Casl13b and the
likey, CRISPR-Cas or CRISPR system or CRISPR-Cas complex, components thereof, nucleic
acid molecules, e.g., vectors, involving the same and uses of all of the foregoing, amongst other
aspects.
BACKGROUND OF THE INVENTION

{6003] Advances in genome sequencing techniques and analysis methods have signmficantly
accelerated the ability to catalog and map genetic factors associated with a diverse range of

biological functions and diseases. Precise genome targeting technologies are needed to enable
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systematic reverse engineering of causal genetic vanations by allowing selective perturbation of
individual genetic elements, as well as to advance synthetic biology, biotechnological, and
medical applications. There remains a need for new genome engineering technologies.

{¢006] Citation or identification of any document in this application is not an admission that

such document is available as prior art to the present invention.
SUMMARY OF THE INVENTION

{6007] There exists a pressing need for alternative and robust systems and techniques for
sequence targeting with a wide array of applications. This invention addresses this need and
provides related advantages. CRISPR systems, such asthe CRISPR/Cas or the CRISPR-Cas
system (both terms may be used interchangeably throughout this application} do not require the
generation of customized proteins to target specific sequences but rather a single CRISPR
enzyme can be programmed by a short RNA molecule to recognize a specific nucleic acid target,
such as DNA or RNA target, in other words the CRISPR enzyme can be recruited to a specific
nucleic acid target using said short RNA molecule. Adding the CRISPR system to the repertoire
of genome sequencing techniques and analysis methods may significantly simplify the
methodology and accelerate the ability to catalog and map genetic factors associated with a
diverse range of biological functions and diseases. To utilize the CRISPR system effectively for
genome editing without deleterious effects, it is critical to understand aspects of engineering and
optimization of these genome engineering tools, which are aspects of the claimed invention.

In an aspect, the invention provides a particle delivery system comprising a hybrnid virus capsid
protein or hybrid viral cuter protein, wherein the hybrid virus capsid or outer protein comprises a
virus capsid or outer protein attached to at least a portion of a non-capsid protein or peptide. The
genetic material of a virus is stored within a viral structure called the capsid.  The capsid of
certain viruses are enclosed in a membrane called the viral envelope. The viral envelope is made
up of a lipid bilayer embedded with viral proteins including viral glycoproteins. As used herein,
an “envelope protein” or “cuter protein” means a protein exposed at the surface of a viral particle
that 15 not a capsid protein. For example envelope or outer proteins typically comprise proteins
embedded 10 the envelope of the virus. Non-himiting examples of outer or envelope proteins
include, without limit, gp41 and gpi20 of HIV, hemagglutinin, neuraminidase and M2 proteins

of influenza virus.
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{0008] In an embodiment of the delivery system, the non-capsid protein or peptide has a
molecular weight of up to a megadalton, or has a molecular weight in the range of 110 to 160
kDa, 160 to 200 kDa, 200 to 250 kDa, 250 to 300 kDa, 300 to 400 kDa, or 400 to 500 kDa, the
non-capstd protein or peptide comprises a CRISPR protein,

{6009] In an embodiment of the delivery system, the virus is an Adenoviridae or a
Parvoviridae or a retrovirus or a Rhabdoviridae or an enveloped virus having a glycoprotein
protein ({3 protein).

{08010] In an embodiment of the delivery system, the virus is an adeno-associated virus
{AAV) or an adenovirus.

{6011} In an erobodirent of the delivery system, the virus is lentivirus or murine leukemia
virus (MuMLV).
[0012] In an embodiment of the delivery system, the virus is VSV or rabies virus.

{6013] In an embodiment of the delivery system, the capsid or outer protein comprises a
capsid protein having VP1, VP2 or VP3.

{6014} In an embodiment of the delivery system, the capsid protein is VP3, and the non-
capsid protein is inserted into or attached to VP3 loop 3 or foop 6.

{001 5] In an embeodiment of the delivery system, the virus is delivered to the interior of a
cell.

{06016} In an embodiment of the delivery system, the capsid or outer protein and the non-
capsid protein can dissociate after delivery into a cell.

10017} In an embodiment of the delivery system, the capsid or outer protein is attached to the
protein by a linker.

{6018] In an embodiment of the delivery system, the linker comprises amino acids.

{6019] In an emnbodiment of the delivery system, the linker is a chemical linker.

1802¢] In an embeodiment of the delivery system, the linker 1s cleavable.

[0021] In an embodiment of the delivery system, the linker is biodegradable,

{0022] In an embodiment of the delivery system, the linker comprises (GGGGS),
ENLYFQG, or a disulfide.

{0023} In an embodiment, the delivery system comprises a protease or nucleic acid
molecule(s) encoding a protease that is expressed, said protease being capable of cleaving the

linker, whereby there can be cleavage of the linker. In an embodiment of the invention, a
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protease 1s delivered with a particle component of the system, for example packaged, mixed
with, or enclosed by lipid and or capsid. Entry of the particle into a cell is thereby accompanied
or followed by cleavage and dissociation of payload from particle. In certain embodients, an
expressible nucleic acid encoding a protease is delivered, whereby at entry or following entry of
the particle into a cell, there 1s protease expression, linker cleavage, and dissociation of payload
from capsid. In certain embodiments, dissociation of payload occurs with viral replication. In
certain embodiments, dissociation of payload occurs in the absence of productive virus
replication.

{0024] In an embodiment of the delivery system, each terminus of a CRISPR protein is
attached to the capsid or outer protein by a linker,

{0025] In an embodiment of the delivery system, the non-capsid protein is attached to the
exterior portion of the capsid or outer profein.

{0026] In an embodiment of the delivery system, the non-capsid protein is attached to the
interior portion of the capsid or outer protein.

{6027} In an embodiment of the delivery system, the capsid or outer protein and the non-
capsid protein are a fusion protein.

[06028] In an embodiment of the delivery system, the non-capsid protein 15 encapsulated by
the capsid or outer protein.

{6029] In an embodiment of the delivery system, the non-capsid protein is attached to a
component of the capsid protein or a component of the outer protein prior to formation of the
capsid or the outer protein.

{¢030] In an embodiment of the delivery system, the protein is attached to the capsid or outer
protein after formation of the capsid or outer protein,

{0031} In an embodiment, the delivery system comprises a targeting moiety, such as active
targeting of a lipid entity of the invention, e.g., lipid particle or nanoparticle or liposome or lipid
bylayer of the invention comprising a targeting motety for active targeting.

16032} With regard to targeting moieties, mention 18 made of Deshpande et al, “Cusrent
trends in the use of liposomes for tumor targeting,” Nanomedicine (Lond). 8(9),
doi:10.2217/00m.13.118 {2013}, and the documents it cites, all of which are incorporated herein
by reference. Mention is also made of W0O/2016/027264, and the documents it cites, all of which

are incorporated herein by reference. And mention is made of Lorenzer et al, “Going beyond the
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fiver: Progress and chalienges of targeted delivery of siRNA therapeutics,” Journal of Conirolled
Release, 203: 1-15 (2015}, , and the documents it cites, all of which are incorporated herein by
reference.

{6033} An actively targeting lipid particle or nanoparticle or liposome or lipid bylayer
delivery system (generally as to embodiments of the invention, “lipid entity of the invention”
delivery systems) are prepared by conjugating targeting moieties, including small molecule
ligands, peptides and monoclonal antibodies, on the lipid or liposomal surface; for example,
certain receptors, such as folate and transferrin (T receptors (TfR), are overexpressed on many
cancer celis and have been used to make liposomes tumor cell specific. Liposomes that
accumulate in the tumor microenvironment can be subsequently endocytosed into the cells by
interacting with specific cell surface receptors. To efficiently target liposomes to cells, such as
cancer cells, it is useful that the targeting moiety have an affinity for a cell surface receptor and
to link the targeting moiety in sufficient quantities to have optimum affinity for the cell surface
receptors; and determining these aspects are within the ambit of the skilled artisan. In the field of
active targeting, there are a number of cell-, e g, tumor-, specific targeting ligands.

18034] Also as to active targeting, with regard to targeting cell surface receptors such as
cancer cell surface receptors, targeting ligands on liposomes can provide attachment of
liposomes to cells, e g, vascular cells, via a noninternalizing epitope; and, this can increase the
extracellular concentration of that which is being delivered, thereby increasing the amount
delivered to the target cells. A strategy to target cell surface receptors, such as cell surface
receptors on cancer cells, such as overexpressed cell surface receptors on cancer cells, is to use
receptor-specific ligands or antibodies. Many cancer cell types display upregulation of tumor-
specitic receptors. For example, TfRs and folate receptors (FRs) are greatly overexpressed by
many tumor cell types in response to their increased metabolic demand. Folic acid can be used
as a targeting ligand for specialized delivery owing to its ease of conjugation to nanocarriers, its
high affinity for FRs and the relatively low frequency of FRs, in normal tissues as compared with
their overexpression in activated macrophages and cancer cells, e.g., certain ovarian, breast,
fung, colon, kidney and brain tumors. Overexpression of FR on macrophages 1s an indication of
inflammatory  diseases, such as psoriasis, Crohn's disease, rheumatoid arthritis and
atherosclerosis; accordingly, folate-mediated targeting of the invention can also be used for

studying, addressing or treating inflammatory disorders, as well as cancers. Folate-linked lipid

W
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particles or nanoparticles or liposomes or lipid bylayers of the invention (“lipid entity of the
invention”) deliver their cargo intraceliularly through receptor-mediated endocytosis.
Intraceliular trafficking can be directed to acidic compartments that facilitate cargo release, and,
most importantly, release of the cargo can be altered or delaved until it reaches the cytoplasm or
vicinity of target organelles. Delivery of cargo using a lipid entity of the invention having a
targeting moiety, such as a folate-linked lipid entity of the tnvention, can be superior to
nontargeted lipid entity of the invention. The attachment of folate directly to the lipid head
groups may not be favorable for intraceliular delivery of folate-conjugated lipid entity of the
invention, since they may not bind as efficiently to cells as folate attached to the lipid entity of
the 1nvention surface by a spacer, which may can enter cancer cells more efficiently. A lipid
entity of the invention coupled to folate can be used for the delivery of complexes of lipid, e.g.,
liposome, e.g., anionic liposome and virus or capsid or envelope or virus outer protein, such as
those herein discussed such as adenovirous or AAV . Tfis a monomeric serum glycoprotein of
approximately 80 KDa involved in the transport of iron throughout the body. Tt binds to the TR
and translocates into cells via receptor-mediated endocytosis. The expression of TR is can be
higher in certain cells, such as tumor cells (as compared with normal cells and is associated with
the increased iron demand in rapidly proliferating cancer cells.  Accordingly, the invention
comprehends a TfR-targeted lipid entity of the invention, e.g., as to liver cells, liver cancer,
breast cells such as breast cancer cells, colon such as colon cancer cells, ovanan cells such as
ovarian cancer cells, head, neck and lung cells, such as head, neck and non-small-celi lung
cancer cells, cells of the mouth such as oral tumor cells.

{6035] Also as to active targeting, a lipid entity of the invention can be multifunctional, te.,
employ more than one targeting moiety such as CPP, along with TT, a bifunctional system; e g, a
combination of Tf and poly-L-arginine which can provide transport across the endothelium of
the blood-brain barrier. EGFR, is a tyrosine kinase receptor belonging to the ErbB family of
receptors that mediates cell growth, differentiation and repair in cells, especially non-cancerous
cells, but EGF ts overexpressed in certain cells such as many soltd tumors, including colorectal,
non-small-cell lung cancer, squamous cell carcinoma of the ovary, kidney, head, pancreas, neck
and prostate, and especially breast cancer. The invention comprehends EGFR-targeted
monoclonal antibody(ies) linked to a lipid entity of the invention. HER-2 is often overexpressed

in patients with breast cancer, and is also associated with lung, bladder, prostate, brain and
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stomach cancers. HER-2, encoded by the ERBB2 gene. The invention comprehends a HER-2-
targeting lipid entity of the invention, e.g., an anti-HER-2-antibody(or binding fragment thereof)-
lipid entity of the invention, a HER-2-targeting-PEGylated lipid entity of the invention {(e.g.,
having an anti-HER-Z-antibody or binding fragment thereof), a HER-2-targeting-maleimide-
PEG polymer- lipid entity of the invention (e.g., having an anti-HER-2-antibody or binding
fragment thereof). Upon cellular association, the receptor-antibody complex can be internalized
by formation of an endosome for delivery to the cytoplasm. With respect to receptor-mediated
targeting, the skilled artisan takes into consideration ligand/target affinity and the quantity of
receptors on the cell surface, and that PEGylation can act as a barrier against interaction with
receptors. The use of antibody-lipid entity of the invention targeting can be advantageous.
Multivalent presentation of targeting moieties can also increase the uptake and signaling
properties of antibody fragments. In practice of the invention, the skilled person takes into
account ligand density {e.g., high ligand densities on a lipid entity of the invention may be
advantageous for increased binding to target cells) Preventing early by macrophages can be
addressed with a sterically stabilized lipid entity of the invention and hinking ligands to the
terminus of molecules such as PEG, which is anchored in the lipid entity of the invention (e g,
lipid particle or nanoparticle or liposorue or lipid bylayer). The microenvironment of a cell mass
such as a tumor microenvironment can be targeted; for instance, it may be advantageous to target
cell mass vasculature, such as the the tumor vasculature microenvironment. Thus, the invention
comprehends targeting VEGF, VEGF and its receptors are well-known proangiogenic molecules
and are well-characterized targets for antiangiogenic therapy. Many small-molecule inhibitors of
receptor tyrosine kinases, such as VEGFRs or basic FGFRs, have been developed as anticancer
agents and the invention comprehends coupling any one or more of these peptides to a lipid
entity of the invention, e.g., phage IVO peptide(s) {e.g, via or with a PEG terminus), tumor-
homing peptide APRPG such as APRPG-PEG-modified. VCAM, the vascular endothelium
plays a key role in the pathogenesis of inflammation, thrombosis and atherosclerosis. CAMs are
involved in inflammatory disorders, including cancer, and are a logical target, E-~ and P-selectins,
YCAM-1 and ICAMs. Can be used to target a lipid entity of the invention, eg, with
PEGylation.  Matrix metalloproteases (MMPs) belong to the family of zinc-dependent
endopeptidases. They are involved in tissue remodeling, tumor invasiveness, resistance to

apoptosis and retastasis. There are four MMP inhibitors called TIMP1-4, which determine the
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balance between tumor growth inhibition and metastasis; a protein involved 1o the angiogenesis
of tumor vessels is MT1-MMP, expressed on newly formed vessels and tumor tissues. The
proteolytic activity of MTI-MMP cleaves proteins, such as fibronectin, elastin, collagen and
faminin, at the plasma membrane and activates soluble MMPs, such as MMP-2, which degrades
the matrix. An antibody or fragment thereot such as a Fab' fragment can be used in the practice
of the invention such as for an antthuman MTI-MMP monoclonal antibody linked to a lipid
entity of the invention, e.g., via a spacer such as a PEG spacer. gf-integrins or integrins are a
group of transmhembrane glycoprotein receptors that mediate attachrent between a cell and its
surrounding tissues or extracellular matrix. Integrins contain two distinet chains (heterodimers)
called o- and B-subunits. The tumor tissue-specific expression of integrin receptors can be been
utilized for targeted delivery in the invention, e g., whereby the targeting moiety can be an RGD
peptide such as a cyclic RGD. Aptamers are ssDNA or RNA oligonucleotides that impart high
affinity and specific recognition of the target molecules by electrostatic interactions, hydrogen
bonding and hydro phobic interactions as opposed to the Watson—Crick base pairing, which is
typical for the bonding interactions of oligonucleotides. Aptamers as a targeting moiety can have
advantages over antibodies: aptamers can demonstrate higher target antigen recognition as
compared with antibodies; aptamers can be more stable and smaller in size as compared with
antibodies; aptamers can be easily synthesized and chemically modified for molecular
conjugation; and aptamers can be changed in sequence for improved selectivity and can be
developed to recognize poorly immunogenic targets. Such moieties as a sgeB aptamer can be
used as a targeting moiety {(e.g., via covalent linking to the lipid entity of the invention, e.g, via a
spacer, such as a PEG spacer). The targeting moiety can be stimuli-sensitive, e.g., sensitive to an
externally applied stimuli, such as magnetic fields, uitrasound or light; and pH-triggering can
also be used, e.g., a labile linkage can be used between a hydrophilic motety such as PEG and a
hydrophobic moiety such as a lipid entity of the invention, which is cleaved only upon exposure
to the relatively acidic conditions characteristic of the a particular environment or
microenvironment such as an endocytic vacuole or the actdotic tumor mass. pH-sensitive
copolymers can also be incorporated in embodiments of the invention can provide shielding;
diortho esters, vinyl esters, cysteine-cleavable lipopolymers, double esters and hydrazones are a
few examples of pH-sensitive bonds that are guite stable at pH 7.5, but are hydrolyzed relatively

rapidly at pH 6 and below, e.g., a terminally alkylated copolymer of N-isopropylacrylamide and
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methacrylic acid that copolymer facilitates destabilization of a lipid entity of the nvention and
release in compartments with decreased pH value; or, the invention comprehends ionic polymers
for generation of a pH-responsive lipid entity of the invention (e.g, poly(methacrylic acid),
poly({diethylaminoethyl methacrylate), poly(acrylamide} and poly{acrylic acid)). Temperature-
triggered delivery 1s also within the ambit of the invention. Many pathological areas, such as
inflamed tissues and tumors, show a distinctive hyperthermia compared with normal tissues.
Utilizing this hyperthermia is an attractive strategy in cancer therapy since hyperthermia is
associated with increased tumor permeability and enbanced uptake This technique involves local
heating of the site to increase microvascular pore size and blood flow, which, in turn, can result
in an increased extravasation of embodiments of the invention. Temperature-sensitive hipid
entity of the invention can be prepared from thermosensitive lipids or polymers with a low
critical solution temperature. Above the low critical solution temperature (e.g, at site such as
tumor site or inflamed tissue site}, the polymer precipitates, disrupting the liposomes to release.
Lipids with a specific gel-to-liquid phase transition temperature are used to prepare these lipid
entities of the invention; and a lipid for a thermosensitive embodiment can be
dipalmitoylphosphatidylcholine. Thermosensitive polymers can also facilitate destabilization
followed by release, and a usetul thermosensitive polymer 15 poly (N-isopropylacrylamide).
Another temperature triggered system can employ lysolipid temperature-sensitive liposomes.
The invention also comprehends redox-triggered delivery: The difference in redox potential
between normal and inflamed or tumor tissues, and between the intra- and extra-cellular
environments has been exploited for delivery; e.g., GSH 1s a reducing agent abundant in cells,
especially in the cytosol, mitochondria and nucleus. The GSH concentrations tn blood and
extracellular matrix are just one out of 100 to one out of 1000 of the intracellular concentration,
respectively. This high redox potential difference caused by GSH, cysteine and other reducing
agents can break the reducible bonds, destabilize a lipid entity of the invention and result in
release of payload. The disulfide bond can be used as the cleavable/reversible linker in a lipid
entity of the invention, because it causes sensitivity to redox owing to the disulfideto-thiol
reduction reaction; a lipid entity of the invention can be made reduction sensitive by using two
{e.g., two forms of a disulfide-conjugated multifunctional lipid as cleavage of the disulfide bond
(e.g., via tris{(2-carboxyethyDphosphine, dithiothreitol, L-cysteine or GSH), can cause removal of

the hydrophilic head group of the conjugate and alter the membrane organization leading to
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release of payload. Calcein release from reduction-sensitive lipid entity of the invention
containing a disulfide conjugate can be more useful than a reduction-insensitive embodiment.
Enzymes can also be used as a trigger to release payload. Enzymes, including MMPs (eg
MMP2), phospholipase A2, alkaline phosphatase, transglutaminase or phosphatidylinositol-
specific phospholipase C, have been found to be overexpressed in certain tissues, e.g., tumor
tissues. In the presence of these enzymes, specially engineered enzyme-sensitive lipid entity of
the invention can be disrupted and release the paylead. an MMP2-cleavable octapeptide (Gly-
Pro-Leu-Gly-Be-Ala-Gly-Glny can be incorporated into a linker, and can have antibody

targeting, e.g., antibody 2C5.  The invention also comprehends light-or energy-triggered

delivery, e.g., the lipid entity of the invention can be light-sensitive, such that light or energy can
facilitate structural and conformational changes, which lead to direct interaction of the lipid
entity of the invention with the target cells via membrane fusion, photo-isomerism,
photofragmentation or photopolymerization; such a moiety therefor can be benzoporphyrin
photosensitizer. Ultrasound can be a form of energy to trigger delivery; a lipid entity of the
invention with a small quantity of particular gas, including air or perfluorated hydrocarbon can
be triggered to release with ultrasound, eg, low-frequency ultrascund (LFUS) Magnetic
delivery: A lipid entity of the invention can be magnetized by incorporation of magnetites, such
as Fe304 or y-FeZ03, e g., those that are less than 10 nm in size. Targeted delivery can be then
by exposure to a magnetic field.

{0036} Also as to active targeting, the invention also comprehends intracellular delivery.
Since liposomes follow the endocytic pathway, they are entrapped in the endosomes (pH 6.5-6)
and subsequently fuse with lysosomes (pH <5}, where they undergo degradation that results in a
fower therapeutic potential. The low endeosomal pH can be taken advantage of to escape
degradation. Fusogenic lipids or peptides, which destabilize the endosomal membrane after the
conformational transition/activation at a lowered pH. Amines are protonated at an acidic pH and
cause  endosomal  swelling and rupture by a  buffer effect  Unsaturated
dioleoyiphosphatidvlethanolamine (DOPE) readily adopts an inverted hexagonal shape at a low
pH, which causes fusion of liposomes to the endosomal membrane. This process destabilizes a
lipid entity containing DOPE and releases the cargo 1nto the cytoplasm; fusogenic lipid GALA,
cholesteryl-GALA and PEG-GALA may show a highly efficient endosomal release; a pore-

forming protein listeriolysin O may provide an endosomal escape mechanism,; and, histidine-~rich
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peptides have the ability to fuse with the endosomal membrane, resulting 11 pore formation, and
can buffer the proton pump causing membrane lysis.

10037} Also as to active targeting, cell-penetrating peptides (CPPs) facilitate uptake of
macromolecules through cellular membranes and, thus, enhance the delivery of CPP-modified
molecules inside the cell. CPPs can be split into two classes: amphipathic helical peptides, such
as transportan and MAP, where lysine residues are major contributors to the positive charge; and
Arg-rich peptides, such as TATp, Antennapedia or penetratin. TATp is a transcription-activating
factor with B6 amino acids that contains a highly basic (two Lys and six Arg among nine
residues} protein transduction domain, which brings about nuclear localization and RNA
binding. Other CPPs that have been used for the modification of liposomes include the
following: the mimimal protein transduction domain of Antennapedia, a Drosophilia
homeoprotein, called penetratin, which is a 16-mer peptide (residues 43—-58) present in the third
helix of the homeodomain, a 27-amino acid-fong chimeric CPP, containing the peptide sequence
from the amino terminus of the neuropeptide galanin bound via the Lys residue, mastoparan, a
wasp venom peptide; VP22, a major structural component of HSV-1 facilitating intracellular
transport and transportan {(I8-mer) amphipathic model peptide that transiocates plasma
membranes of mast cells and endothelial cells by both energy-dependent and -independent
mechanisms. The invention comprehends a lipid entity of the invention modified with CPP(s),
for intracellular delivery that may proceed via energy dependent macropinocytosis followed by
endosomal escape. The invention further comprehends organelle-specific targeting. A lipid
entity of the invention surface-functionalized with the triphenylphosphonium (TPP) moiety or a
fipid entity of the invention with a lipophilic cation, rhodamine 123 can be effective in delivery
of cargo to mitochondria. DOPE/sphingomyelin/stearyl-octa-arginine can delivers cargos to the
mttochondrial interior via membrane fusion. A lipid entity of the invention surface modified with
a lysosomotropic ligand, octadecyl rhodamine B can deliver cargo to lysosomes. Ceramides are
useful in inducing lysosomal membrane permeabilization;, the invention comprehends
intracellular delivery of a lipid entity of the invention having a ceramide. The invention further
comprehends a lipid entity of the invention targeting the nucleus, e.g., via a DNA-intercalating
motety. The invention also comprehends multifunctional liposomes for targeting, 1.¢., attaching
more than one functional group to the surface of the lipid entity of the invention, for instance to

enhances accumulation in a desired site and/or promotes organelle-specific delivery and/or target

11
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a particular type of cell and/or respond to the local stimuli such as teroperature (e.g., elevated),
pH (e g, decreased), respond to externally applied stimuli such as a magnetic field, light, energy,
heat or ultrasound and/or promote intracellular delivery of the cargo. All of these are considered
actively targeting moieties.

{6038} An embodiment of the invention includes the delivery system comprising an actively
targeting lipid particle or nanoparticle or liposome or liptd bylaver delivery system; or
comprising a lipid particle or nanoparticle or lipesome or lipid bylayer comprising a targeting
moiety whereby there is active targeting or wherein the targeting roiety 15 an actively targeting
moiety. A targeting moiety can be one or more targeting moieties, and a targeting moiety can be
for any desired type of targeting such as, e.g., to target a cell such as any herein~-mentioned; or to
target an organelle such as any heretn-mentioned; or for targeting a response such as to a
physical condition such as heat, energy, ultrasound, light, pH, chemical such as enzymatic, or
magnetic stimuli; or to target to achieve a particular outcome such as delivery of payload to a
particular location, such as by cell penetration.

{6039] It should be understood that as to each possible targeting or active targeting moiety
herein-discussed, there is an aspect of the invention wherein the delivery system comprises such
a targeting or active targeting moiety. Likewise, the following table provides exemplary
targeting moieties that can be used in the practice of the invention an as to each an aspect of the

invention provides a delivery system that comprises such a targeting moiety.

Targeting Moiety Target Molecule Target Cell or Tissue

folate folate receptor cancer cells

transferrin transferrin receptor cancer cells

Anttbody CCS2 rat CC531 rat colon adenocarcinoma CCS31
anti~- HEKR2 antibody HERZ HER2 -overexpressing fumors
anti-G2 GD2 neurcblastoma, melanoma
anti-EGFR FGFR tumor cells overexpressing EGFR
pH-dependent fusogenic ovartan carcinora

peptide dilNF-7

anti-VEGFR VEGF Receptor tumor vasculature

anti-CD19 CD19 (B cell marker) teukemia, lymphoma
cell-penetrating peptide blood-brain barrier
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cyclic arginine-glycine-
aspartic acid-tyrosine-
cysteine peptide
{¢(RGDyCH-LP)

avi3

glicblastoma cells, human umbilical
vein endothelial cells, tumor
angiogenesis

ASSHN peptide

endothelial progenitor cells; anti-

cancer

PR b peptide cancer cells
AGE6 peptide

KCCYSL (P6.1 peptide)

osPy integrin

o4 integrin cancer cells

HER-2 receptor cancer cells

affinity peptide LN Aminopeptidase N APN-positive tumor
(YEVGHRC) (APN/CD13)
synthetic somatostatin Somatostatin receptor 2 breast cancer
analogue (8STR2)
anti-CD20 monoclonal | B-lymphocyvtes B cell lymphoma
antibody
{0040} Thus, in an embodiment of the delivery system, the targeting moiety comprises a

receptor ligand, such as, for example, hyaluronic acid for CD44 receptor, galactose for
hepatocytes, or antibody or fragment thereof such as a binding antibody fragment against a
desired surface receptor, and as to each of a targeting moiety comprising a receptor ligand, or an
antibody or fragment thereof such as a binding fragment thereof, such as against a desired
surface receptor, there ts an aspect of the invention wherein the delivery system comprises a
targeting moiety comprising a receptor ligand, or an antibody or fragment thereof such as a
binding fragment thereof, such as against a desired surface receptor, or hyaluronic acid for D44
receptor, galactose for hepatocytes (see, e.g., Surace et al, “Lipoplexes targeting the CD44
hyaluronic acid receptor for efficient transfection of breast cancer celis,” J. Mol Pharm
6(4):1062-73; doi: 10.1021/mp800215d (2009); Soncke et al, “Galactose-modified cationic
liposomes as a liver-targeting delivery systern for small interfering RNA,” Biol Pharm Bull
34(831338-42 (2011), Torchilin, “Antibody-modified liposomes for cancer chemotherapy,”
Expert Opin. Drug Deliv. 5 (9), 1003-1025 (2008); Manjappa et al, “Antibody derivatization and
conjugation strategies. application in preparation of stealth immunoliposome to target
chemotherapeutics to tumor” J. Control. Release 150 (1), 2-22 (2011); Sofou S “Antibody-

targeted liposomes in cancer therapy and imaging,” Expert Opin. Drug Deliv. 5 (2): 189-204
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(2008), Gao J et al, “Antibody-targeted immunoliposomes for cancer treatment,” Mint. Rev.
Med. Chem. 13(14): 2026-2035 (2013), Molavi et al, “Anti-CD30 antibody conjugated
liposomal doxorubicin with significantly improved therapeutic efficacy against anaplastic large
cell lymphoma,” Biomaterials 34(34):8718-25 {2013}, each of which and the documents cited
therein are hereby incorporated herein by reference).

10041] Moreover, in view of the teachings herein the skilled artisan can readily select and
apply a desired targeting moiety in the practice of the invention as to a lipid entity of the
invention. The invention comprehends an embodiment wherein the delivery system comprises a
lipid entity having a targeting motety.

{6042} In an embodiment of the delivery systers, the protein comprises a CRISPR protein, or
portion thereof.

{0043] In some embodiments a non-capsid protein or protein that is not a virus outer protein
or a virus envelope (sometimes herein shorthanded as “non-capsid protein”}, such as a CRISPR
protein or portion thereof, can have one or more functional moiety{ies) thereon, such as a moiety
for targeting or locating, such as an NLS or NES, or an activator or repressor,

18044] In an embodiment of the delivery system, a protein or portion thereof can comprise a
tag.

{0045] In an aspect, the invention provides a virus particle comprising a capsid or outer
protein having one or more hybrid virus capsid or outer proteins comprising the virus capsid or
outer protein attached to at least a portion of a non-capsid protein or a CRISPR protein.

{0046} In an aspect, the invention provides an in vitro method of delivery comprising
contacting the delivery system with a cell, optionally a eukaryotic cell, whereby there is delivery
into the cell of constituents of the delivery system.

{6047} In an aspect, the invention provides an in vitro, a research or study method of delivery
comprising contacting the delivery system with a cell, optionally a eukaryotic cell, whereby there
is delivery into the cell of constituents of the delivery systern, obtaining data or results from the
contacting, and transmitting the data or results.

{0048] In an aspect, the invention provides a cell from or of an in vitro method of delivery,
wherein the method comprises contacting the delivery system with a cell, optionally a eukaryotic
cell, whereby there is delivery into the cell of constituents of the delivery system, and optionally

obtaining data or results from the contacting, and transmitting the data or results.
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{6049} In an aspect, the invention provides a cell from or of an in vitro method of delivery,
wherein the method comprises contacting the delivery system with a cell, optionally a eukaryotic
cell, whereby there is delivery into the cell of constituents of the delivery system, and optionally
obtaining data or results from the contacting, and transmitting the data or results; and wherein the
cell product is altered compared to the cell not contacted with the delivery system, for example
altered from that which would have been wild type of the cell but for the contacting.

{0050} In an embediment, the cell product is non-human or animal.

{0051} In one aspect, the invention provides a particle delivery system comprising a
composite virus particle, wherein the composite virus particle comprises a lipid, a virus capsid
protein, and at least a portion of a non-capsid protein or peptide. The non-capsid peptide or
protein can have a molecular weight of up to one megadalton.

{0052] In one embodiment, the particle delivery system comprises a virus particle adsorbed
to a liposome or lipid particle or nanoparticle. In one embodiment, a virus is adsorbed to a
liposome or lipid particle or nanoparticle either through electrostatic interactions, or is covalently
finked through a linker. The lipid particle or nanoparticles (Img/ml) dissolved in either sodium
acetate buffer {pH 5.2} or pure H,O {(pH 7) are positively charged. The iscelectropoint of most
viruses is in the range of 3.5-7. They have a negatively charged surface in either sodium acetate
buffer (pH 5.2) or pure H;O. The electrostatic interaction between the virus and the liposome or
synthetic lipid nanoparticle is the most significant factor driving adsorption. By modifying the
charge density of the lipid nanoparticie, e.g. inclusion of neutral lipids into the lipid nanoparticle,
it 1s possible to modulate the interaction between the lipid nanoparticle and the virus, hence
modulating the assembly. In one embodiment, the liposome comprises a cationic lipid.

{6053} In one embodiment, the liposome of the particle delivery system comprises a CRISPR
system component.

18054] In one aspect, the invention provides a delivery system comprising one or more
hybnd virus capsid proteins in combination with a lipid particle, wherein the hybrid virus capsid
protein comprises at least a portion of a virus capsid protein attached to at least a portion of a
non-capsid protein.

10055] In one embodiment, the virus capsid protein of the delivery system is attached to a
surface of the lipid particle. When the lipid particle 1s a bilayer, e.g., a liposome, the lipid particle

comprises an exterior hydrophilic surface and an interior hydrophilic surface. In one
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embodiment, the virus capsid protein is attached to a surface of the lipid particle by an
electrostatic interaction or by hydrophobic interaction.

10056] In one embodiment, the particle delivery system has a diameter of 50-1000 nm,
preferably 100 - 1000 nm,

{6057} In one embodiment, the delivery system comprises a non-capsid protein or peptide,
wherein the non-capsid protein or peptide has a molecular weight of up to a megadalton. In one
embodiment, the non-capsid protein or peptide has a molecular weight in the range of 110 to 160
kDa, 160 to 200 kDa, 200 to 250 kDa, 250 to 300 kDa, 300 10 400 kDa, or 400 to 500 kDa.
{0058] In one embodiment, the delivery system comprises a non-capsid protein or peptide,
wherein the protein or peptide comprises a CRISPR protein or peptide. In one embodiment, the
protetn or peptide comprises a Cas9, a Cpfl or a C2¢2/Casl3a.

{0059] In one embodiment, a composite virus particle of the delivery system comprises a
fipid, wherein the lipid comprises at least one cationie lipid.

{6060] In one embodiment, the delivery system comprises a lipid particle, wherein the lipid
particle comprises at least one cationic lipid.

18061] In one embodiment, a particle of the delivery system comprises a lipid layer, wherein
the lipid layer comprises at least one cationic lipid.

{0062] As used herein, a “composite virus particle” means a virus particle that includes, at a
minimum, at least a portion of a virus capsid protein, one or more lipids and a non-capsid protein
or peptide. The lipid can be part of a liposome and the virus particle can be adsorbed to the
liposome. In certain  embodiments, the virus particle is attached to the lipid
directly. Alternatively, the virus particle is attached to the lipid via a linker motety. As used
herein, “at least a portion of” means at least 50 %, for example, 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90% or 99%. “At least a portion of”, as 1t refers to a virus capsid protein or a
non-capsid protein, means of a length that is sufficient to allow the two proteins to attach, either
directly or via a linker. “At least a portion of”, as it refers to an outer protein or a non-capsid
protein, means of a length that is sufficient to allow the two proteins to attach, either directly or
via a linker. As used herein, a “lipid particle” is a particle comprised of lipid molecules. As used
herein, a “lipid layer” means a layer of liptd molecules arranged side-by-side, preferably with
charged groups aligned to one surface. For example, a biological membrane typically comprises

two lipid layers, with hydrophobic regions arranged tail-to-tail, and charged regions exposed to
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an aqueous environment. Using a linker to covalently attach the skilled person from knowledge
in the art and this disclosure can obtain 5-100% virus or capsid or virus outer protein or envelope
attached to non-capsid or non-virus outer protein or non-envelope protein.

16063} The lipid, lipid particle, or lipid bylayer or lipid entity of the invention can be
prepared by methods well known 1n the art. See Wang et al., ACS Synthetic Biology, 1, 403-07
(2012), Wang et al.,, PNAS, 113(11) 2868-2873 {2016); Manocharan, et al.,, WO 2008/042973;
Zugates et al , US Pat. No. 8,071,082; Xuetal, WO 2014/180366 A1 (USZ0160082126). Xu et
provides a way to make a nanocomplex for the delivery of saporin wherein the nanocomplex
comprising saporin and a lipid-like compound, and wherein the nanocomplex has a particle size
of S0 nm to 1000 nm; the saporin binds to the lipid-like compound via non-covalent interaction
or covalent bonding, and the lipid-like compound has a hydrophilic moiety, a hydrophobic
moiety, and a linker joining the hydrophilic moiety and the hydrophobic moiety, the hydrophilic
moiety being optionally charged and the hydrophobic moiety having 8 to 24 carbon atoms. Xu et
al, WO 2014/186348 (US20160129120) provides examples of nanocomplexes of modified
peptides or proteins comprising a cationic delivery agent and an anionic pharmaceutical agent,
wherein the nanocomplex has a particle size of 50 to 1000 nm, the cationic delivery agent binds
to the anionic pharmaceutical agent, and the anionic pharmaceutical agent is a modified peptide
or protein formed of a peptide and a protein and an added chemical motety that contains an
antonic group. The added chemical moiety is linked to the peptide or protein via an amide group,
an ester group, an ether group, a thioether group, a disuifide group, a hydrazone group, a
sulfenate ester group, an amidine group, a urea group, a carbamate group, an imidoester group,
or a carbonate group. More particularly these documents provide examples of lipid or lipid-like
compounds that can be used to make the particle delivery system of the present invention,

including compounds of the formula Bi-K1-A-K3-By, in which A, the hydrophilic motety, is
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being a C;-Cy bivalent aliphatic radical, a C-Cy bivalent heteroaliphatic radical, a bivalent aryl
radical, or a bivalent hetercaryl radical; each of Bi, the hydrophobic moiety, and B, also the
hydrophobic moiety, independently, is a Cyy-y0 aliphatic radical or a cy2.00 heteroaliphatic radical;

and each of Ky, the linker, and K, also the linker, independently, s G, 8, §i, C;-Cs alkylene
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in which each of m, n, p, g, and t, independently, is 1-6; W is O, 8§, or NR¢; each of L;, L3, Ls,
L+, and Ls, independently, is a bond, G, S, or NRy; each of L2, Ly, L¢, Ls, and Ly, independently,
is a bond, O, S, or NR,; and V is ORy, SR, or NRGR,, each of Ry , R, Ry, R, Ry, R, Ry, and R,
independently, being H, OH, a -Cyp oxyaliphatic radical, a C,-Cyy monovalent aliphatic
radical, a C-Cio monovalent hetercaliphatic radical, a monovalent aryl radical, or a monovalent

heteroaryl radical and specific compounds:
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[0675] EC16-14, k1, k2 = -

and

16078] Additional examples of cationic lipid that can be used to make the particle delivery

system of the invention can be found in USZ0150140070, wherein the cationic lipid has the

B! R>
formula 07 wherein pois an integer between 1 and 9, mclusive; each

wf B g

instance of Q is independently O, S, or NRY RYis hydrogen, optionally substituted alkyl,
optionally substituted alkenvl, optionally substituted alkynyl, optionally substituted carbocyelyl,
optionally substituted heterocyclyl, optionally substituted aryl, optionally substituted heteroaryl,
a nitrogen protecting group, or a group of the formula (i), (i) or (ili); each instance of R' is
independently hydrogen, optionally substituted alkyl, optionally substituted alkenyl, optionally

substituted alkynyl, optionally substituted carbocyelyl, optionally substituted heterocyclyl,
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optionally substituted aryl, optionally substituted heteroaryl, halogen, —OR™, —N(R™),, —

3 S
i Lt
g \
SR™, or a group of formula: . L is an optionally substituted alkylene,

optionally substituted alkenylene, optionally substituted alkynylene, optionally substituted
heteroalkylene, optionally substituted heteroalkenylene, optionally substituted heteroalkynylene,
optionally substituted carbocyclylene, optionally substituted heterocyclylene, optionally
substituted arylene, or optionally substituted heteroarylene, or combination thereof, and each of
R®and R is independently hydrogen, optionally substituted alkyl, optionally substituted alkenyl,

optionally substituted alkynyl, optionally substituted carbocyclyl, optionally substituted

heterocyclyl, optionally substituted aryl, optionally substituted heteroaryl, a nitrogen protecting
group, or a group of formula (i), (ii} or (iii); each occurrence of R* is independently hydrogen,
optionally substituted alkyl, optionally substituted alkenyl, optiovally substituted alkynyl,
optionally substituted carbocyclyl, optionally substituted heterocyclyl, optionally substituted
aryl, optionally substituted heteroaryl, an oxygen protecting group when attached to an oxygen
atom, a sulfur protecting group when attached to an sulfur atom, a nitrogen protecting group
when attached to a nitrogen atom, or two R™ groups, together with the nitrogen atom to which
they are attached, are joined to form an optionally substituted heterocyclic or optionally
substituted heteroaryl ring; each instance of R’ is independently hydrogen, optionally substituted
alkyl, optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted

carbocyclyl, optionally substituted heterocyclyl, optionally substituted arvl, optionally

2
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Formulae (1), (11}, and (in) are: , each instance of R is
independently hydrogen or optionally substituted alkyl; X is O, S, or NR™ R™ is hydrogen,
optionally substituted alkyl, optionally substituted alkenyl, optionally substituted alkynyl

> >

optionally substituted carbocyciyl, optionally substituted heterocyclyl, optionally substituted
aryl, optionally substituted heteroaryl, or a nitrogen protecting group; Y is O, 8, or NR”; R” is
hydrogen, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted

alkynyl, optionally substituted carbocyclyl, optionally substituted heterocyclyl, optionally

substituted aryl, optionally substituted heteroaryl, or a nitrogen protecting group; R' is hydrogen,
optionally substiuted alkyl, optionally substituted alkenyl, optionally substituted alkynyl,
optionally substituted carbocyclyl, optionally substituted heterocyelyl, optionally substituted
aryl, optionally substituted heteroaryl, an oxygen protecting group when attached to an oxygen
atom, a sulfur protecting group when attached to a sulfur atom, or a nitrogen protecting group
when attached to a nitrogen atom; R" is opticnally substituted C .5, alkyl, opticnally substituted
Cr.s0 alkenyl, optionally substituted C,sp alkynyl, optionally substituted heteroCi.so alkyl,
optionally substituted heteroCa.se alkenyl, optionally substituted heteroCose alkynyl, or a

polymer; provided that at least one instance of RQ, Rz, R® or R'is a group of the formula (i , (i1},
group

20150071903}, which provide examples of cationic lipids to include polyethylenimine,
polyamidoamine (PAMAM) starburst dendrimers, Lipofectin {a combination of DOTMA and
DOPE), Lipofectase, LIPOFECTAMINERTM. (eg, LIPOFECTAMINERTM. 2000,
LIPOFECTAMINE RTM. 3000, LIPOFECTAMINE RTM. RNAIMAX,
LIPOFECTAMINERTM. LTX), SAINT-RED (Synvolux  Therapeutics, (Groningen
Netherlands), DOPE, Cytofectin {Gilead Sciences, Foster City, Calif ), and Eufectins (JBL, San
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Luts Obispo, Calif ). Exemplary cationic liposomes can be made from N-[1-(2,3-dioleoloxy)-

propyi-N, N, N-trimethylammonium chioride (DOTMA), N-[1-(2,3-dicleoloxy)-propyl]-N,N,N-

trimethylammonium methylsulfate (DOTAP), 3 beta -[N--(N'N'-
dimethylaminoethane)carbamoylicholesterol (BC-Chol), 2,3,-dioleyloxy-N-

[2{sperminecarboxamidojethyl}-N N-dimethyl-1-propanamin- um trifluorocacetate (DOSPA),
L, 2-dimyristyloxypropyl-3-dimethyl-hydroxyethyl ammonium bromide; and

dimethvyldioctadecylammonium bromide (DDAB); in W0O2013/093648 which provides cationic

3
%{’ N ij\ {‘j ;\%Q k
3 i NS
\ 4“'{"\.-, - s I
MUY \f\m
Re "
lipids of formula in which Z = an alkyl linker, C,-Cy

alkyl, Y = an allkyl linker, C;-Cs alkvl, R; and R, are each independently (-Cspalkyl, Cip-
Crealkenyl, or Cp-Cgalkynyl, Cyg- Cpalkyl, Cig- Chpalkyl, Cyy- Ciealkyl, Cis- Ciralkyl, Cisalkyl,
Ci0~Caoalkenyl, Cio-Cogoalkenyl. C15-Cigalkenyl, Ci3-Ciralkenyl, Crralkenyl; R3 and R4 are each
independently hydrogen, C;-Cs alkyl, or -CH,CH,0H, Ci-Cs alkyl, Ci-Csalkyl; nis 1 -6; and X
is a counterion, including any nitrogen counterion, as that term is readily understood in the art,

and specific cationic lipids including

o CREDC™
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and
Q BRI

WO2013/0930648 also provides examples of other cationic charged lipids at physiological pH
including N, N-dioleyl-N N-dimethylammonium  chloride (DODAC), N,N-distearyl-N,N-
dimethvlammonium  bromide (DDAB}), N-(1,2-dimyristyloxyprop-3-y1}-N,N-dimethyl-N-
hydroxyethylammonium bronmide (DMRIE) and dioctadecylamidoglycyl carboxyspermidine

{(DOGS)in US 20160257951, which provides cationic lipids with a general formula

or a pharmacologically acceptable salt
thereof, wherein R' and R are each independently a hydrogen atom, a C-Cs alkyl group
optionally substituted with one or more substituents selected from substituent group «, a C-Cs
alkenyl group optionally substituted with one or more substituents selected from substituent
group o, a C,;-Cq alkynyl group optionally substituted with one or more substituents selected
from substituent group «, or a C5-C5 cycloalkyl group optionally substituted with ong or more
substituents selected from substituent group o, or R' and R® form a 3- to 10-membered
heterocyclic ring together with the nitrogen atom bonded thereto, wherein the heterocyclic ring is
optionally substituted with one or more substituents selected from substituent group o and

optionally contains one or more atoms selected from a nitrogen atom, an oxygen ators, and a
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sulfur atom, in addition to the nitrogen atom bonded to R' and R’ as atoms constituting the
heterocyclic ring; R%is a hydrogen atom or a C;-Cs alkyl group optionally substituted with one or
more substituents selected from substituent group o; or R' and R® together are the group —
{CHy)q—; substituent group o consists of a halogen atom, an oxo group, a hydroxy group, a
sulfanyl group, an amino group, a cvano group, a C-Ce alkyl group, a C,-C; halogenated alkyl
group, a C;-Cs alkkoxy group, a C-Cq alkylsultany] group, a C-Cg atkylamine group, and a C-C5
alkanoy! group; L' is a C1p-Cy, alkyl group optionally substituted with one or more substituents
selected from substituent group Bl, a Cio-Cyy alkenyl group optionally substituted with ove or
more substituents selected from substituent group Bl, a Cs5-Cyy alkyny!l group optionally
substituted with one or more substituents selected from substituent group B1, or a (C-Cyp alkyl)-
(Ox~(Ci-Cio alkyl) group optionally substituted with one or more substituents selected from
substituent group B1; L*is, independently of L', a C;5-Cyq alkyl group optionaily substituted with
one or more substituents selected from substituent group B1, a Cyp-Csy alkenvl group optionally
substituted with one or more substituents selected from substituent group B1, a Cs5-Cyy alkynyl
group optionally substituted with one or more substituents selected tfrom substituent group P1, a
(Ci-Cio alkyh-(Qu~(C1-Cyp alkyl) group optionally substituted with having one or more
substituents selected from substituent group Bl, a (C~Cp alkoxy)methyl group optionally
substituted with one or more substituents selected from substituent group B, a {(Cio-Coy
alkenyloxymethyl group optionally substituted with one or more substituents selected from
substituent group B1, a (Cs5-Cyy alkynyhoxymethyl group optionally substituted with one or more
substituents selected from substituent group Bl, or a (C-Cyp alkyh-(Qr-(C1-Cyp alkoxy)methyl
group optionally substituted with one or more substituents selected from substituent group 1,
substituent group Bl consists of a halogen atom, an oxo group, a cyano group, a C-Cs alkyl
group, a C1-Ce halogenated alkyl group, a C-Cs alkoxy group, a Ci-Ce alkylsulfanyl group, a Ci-
C; alkanoyl group, a C;-C; alkanovloxy group, a (3-C; alkoxyaltkoxy group, a (C;-Cs

alkoxy)carbonyl group, a (C-Cs alkoxy)carboxyl group, a (C;-Cg alkoxyjcarbamoyl group, and a

(Cy-Cs alkylaminojcarboxyl group; Q is a group of formula: - when L'

2 L . . - R
and L" are each substituted with one or more substituents selected from substituent group Bl and
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substituent group Bl 13 a C,-Ce alkyl group, a C;-C; alkoxy group, a C;-Cy alkylsulfanyl group, a
C,-C5 alkanoyl group, or a C;-C- alkanoyloxy group, the substituent or substituents selected from
substituent group Pl in L' and the substituent or substituents selected from substituent group Bl
in L optionally bind to each other to form a cyclic structure; kis 1, 2,3, 4, 5,6, or 7, mis G or 1;
pis0, L or2;gisl, 2,3, ord andris O, 1, 2, or 3, provided that p+ris 2 or larger, or q+ris 2 or

larger, and specific cationic fipids jncluding
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20160244761, which provides cationic lipids that include 1.2-distearyvloxy-N,N-dimethyl-3-
aminopropane (DSDMA), 1,2-dicleyloxy-N,N-dimethyl-3-aminopropane (DODMA), 1,2-
dilinoleyloxy-N N-dimethyl-3-aminopropane (DLinDMA), 1 2-dilinolenyloxy-IN, N-dimethyl-3-
aminopropane {(DLenDMA), 1,2-di~ gamma.-linolenyloxy-IN, N-dimethylaminopropane
{gamma -DLenDMA), 1 2-dilinoleyloxy-keto-N, N-dimethyl-3-aminopropane (DLin-K-DMA),
t,2-dilinoleyl-4-(2-dimethylaminoethyl)-[ 1,3 ]-dioxolane (DLin-K--C2-DMA) (also known as
DLin-C2K-DMA, XTC2, and C2K}, 2,2-dilincleyl-4-(3-dimethylaminopropyl}-{1,3]-dioxolane
(DLn-K-C3-DMA), 2,2-dilinoleyl-4~-(4-dimethylaminobutyl}-{ 1,3 ]-dioxolane  (DLin-K--C4-
DMA), 1,2-dilinolenyloxy-4-(2-dimethvlaminoethyl}-[1,3]-dioxolane (DLen-C2K-DMA), 1,2-
di- gamma.-linolenyloxy-4-(2~-dimethylaminoethyl}-[1,3}-dioxolane {.gamma.~-DLen-C2K-

DMA), dilinoleylmethvl-3-dimethylaminopropionate (BLin-M-C2-DMA) (also known as MC2},
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(67,97,287,317)-heptatriaconta~-6,9,28,3 1 tetraen-19-yl 4-{dimethylamino) butanoate {DLin-M-
C3-DMA)} {also known as MC3) and 3-(dilinoleylmethoxy}-N,N-dimethylpropan-1-amine
(DLin-MP-DMA (also known as 1-Bl 1},

{6079] In one embodiment, the lipid compound is preferably a bio-reducible material, e g, a
bio-reducible polymer and a bio-reducible lipid-like compound.

{0086} In embodiment, the lipid compound comprises a hydrophilic head, and a hydrophobic
tail, and optionally a linker.

{06081} In one embodiment, the hydrophilic head contains one or more hydrophilic functional
groups, e.g., hydroxyl, carboxyl, amino, sultfhydryl, phosphate, amide, ester, ether, carbamate,
carbonate, carbamide and phosphodiester. These groups can form hydrogen bonds and are
optionally positively or negatively charged, in particular at physiological conditions such as
physiclogical pH.

{¢082] In one embodiment, the hydrophobic tail is a saturated or unsaturated, linear or
branched, acyclic or cyclic, aromatic or nonaromatic hydrocarbon moiety, wherein the saturated
or unsaturated, linear or branched, acyclic or c¢yclic, aromatic or nonaromatic hydrocarbon
moiety optionally contains a disuifide bond and/or 8-24 carbon atoms. One or more of the carbon
atoms can be replaced with a heteroatom, such as N, G, P, B, §, Si, Sb, Al, Sn, As, Se, and Ge.
The lipid or lipid-like compounds containing disulfide bond can be bioreducible.

{0083} In one embodiment, the linker of the lipid or lipid-like compound links the
hydrophilic head and the hydrophobic tail. The linker can be any chemical group that is
hydrophilic or hydrophobic, polar or non-polar, e.g., O, S, Si, amino, alkylene, ester, amide,
carbamate, carbamide, carbonate phosphate, phosphite, sulfate, sulfite, and thiosulfate.

{6084} The liptd or lipid-like compounds described above include the compounds
themselves, as well as their salts and solvates, if applicable. A salt, for example, can be tormed
between an anion and a positively charged group (e.g, amino) on a lipid-like compound.
Suitable anions include chloride, bromide, iodide, sulfate, nitrate, phosphate, citrate,
methanesulfonate, trifluoroacetate, acetate, malate, tosylate, tartrate, fumurate, ghitamate,
glucuronate, lactate, glutarate, and maleate. Likewise, a salt can also be formed between a cation
and a negatively charged group {e.g., carboxylate) on a lipid-like compound. Suitable cations
include sodium ion, potassium ion, magnesium ion, calcium ion, and an ammonium cation such

as tetramethylammmonium ton. The lipid-like compounds also include those salts containing

sd
ey
fon]



WO 2018/191750 PCT/US2018/027793

guaternary nifrogen atoms. A solvate refers to a complex formed between a lipid-like compound
and a pharmaceutically acceptable solvent. Examples of pharmaceutically acceptable solvents
include water, ethanol, isopropanol, ethyl acetate, acetic acid, and ethanolamine.

{(085] In one embodiment, the hipid, lipid particle or lipid layer of the delivery system
further comprises a wild-type capsid protein.

{0086} In one embodiment, a weight ratio of hybrid capsid protein to wild-type capsid
protein is from 1:10 to 1:1, for example, 1:1, 1:2, 1:3, 1:4, 1.5, 1:6, 1.7, 1:8, 1.9 and 1:10.

{0087] In one embodiment, the virus of the delivery system is an Adenoviridae_or a
Parvoviridae or a Rhabdoviridae or an enveloped virus having a glyvcoprotein protein. In one
embodiment, the virus is an adeno-associated virus (AAV) or an adenovirus or a VSV or a rabies
virus. In one embodiment, the virus 1s a retrovirus or a lentivirus. In one embodiment, the virus is
murine leukemia virus (MuMLV).

{¢083] In one embodiment, the virus capsid protein of the delivery system comprises VPI,
VP2 or VP3.

{0089} In one embodiment, the virus capsid protein of the delivery system is VP3, and the
non-capsid protein is inserted into or tethered or connected to VP3 loop 3 or loop 6.

{06090} In one embodiment, the virus of the delivery system 13 delivered to the interior of a
cell.

{6091} In one embodiment, the virus capsid protein and the non-capsid protein are capable of
dissociating after delivery into a cell.

10092] In one aspect of the delivery system, the virus capsid protein is attached to the non-
capsid protein by a linker. In one embodiment, the linker comprises aming acids. In one
embodiment, the linker is a chemical linker. In another embodiment, the linker is cleavable or
biodegradable. In one embodiment, the linker comprises (GGGGS )3, ENLYFQG, or a disulfide.
18093] In one embodiment of the delivery system, each terminus of the non-capsid protein is
attached to the capsid protein by a linker moiety.

{¢094] In one embodiment, the non-capsid protein is attached to the exterior portion of the
virus capsid protein. As used herein, “exterior portion” as it refers to a virus capsid protein
means the cuter surface of the virus capsid protein when it is in a formed virus capsid.

[0095] In one embodiment, the non-capsid protein s attached to the interior portion of the

capsid protein or is encapsulated within the lipid particle. As used herein, “interior portion” as it
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refers to a virus capsid protein means the inner surface of the virus capsid protein when it s in a
formed virus capsid. In one embodiment, the virus capsid protein and the non-capsid protein are
a fusion protein.

{¢096] In one embodiment, the fusion protein is attached to the surface of the lipid particle.
{6097] In one embodiment, the non-capsid protein is attached to the virus capsid protein
prior to formation of the capsid.

16098] In one embodiment, the non-capsid protein is attached to the virus capsid protein atter
formation of the capsid.

{6099] In one embodiment, the non-capsid protein comprises a targeting moiety.

{00106] In one embodiment, the targeting moiety comprises a receptor higand.

{00101] In an embodiment, the non-capsid protein comprises a tag.

{00102] In an embodiment, the non-capsid protein comprises one or more heterologous
nuclear localization signals{s} (NLSs}.
{00103] In an embodiment, the protein or peptide comprises a Type H CRISPR protein or a
Type VI CRISPR protein.

i860104] In an embodiment, the delivery system further comprises guide RNS, optionally
complexed with the CRISPR protein.

{00105] In an embodiment, the delivery system comprises a protease or nucleic acid
molecule(s) encoding a protease that is expressed, whereby the protease cleaves the linker. In
certain embodients, there is protease expression, linker cleavage, and dissociation of payload
from capsid in the absence of productive virus replication.

{60106] In an aspect, the invention provides a delivery system comprising a first hybrid virus
capsid protein and a second hybrid virus capsid protein, wherein the first hybrid virus capsid
protein comprises a virus capsid protein attached to a first part of a protein, and wherein the
second hybrid virus capsid protein comprises a second virus capsid protein attached to a second
part of the protein, wherein the first part of the protein and the second part of the protein are
capable of associating to form a functional protein,

{00107] In an aspect, the invention provides a delivery system comprising a first hybrid virus
capsid protein and a second hybrid virus capsid protein, wherein the first hybrid virus capsid
protein comprises a virus capsid protein attached to a first part of a CRISPR protein, and wherein

the second hybrid virus capsid protein comprises a second virus capsid protein attached to a
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second part of a CRISPR protein, wherein the first part of the CRISPR protein and the second
part of the CRISPR protein are capable of associating to form a functional CRISPR protein.
{00108] In an embodiment of the delivery system, the first hybrid virus capsid protein and the
second virus capsid protetn are on the surface of the same virus particle.

{60109] In an embodiment of the delivery system, the first hybrid virus capsule protein is
located at the interior of a first virus particle and the second hybrid virus capsid protein is located
at the interior of a second virus particle.

{00116] 1o an embodiment of the delivery system, the first part of the protein or CRISPR
protein is linked to a first member of a ligand pair, and the second part of the protein or CRISPR
protein is hioked to a second member of a ligand pair, wherein the first part of the higand pair
binds to the second part of the ligand pair in a cell. In an embodiment, the binding of the first
part of the ligand pair to the second part of the ligand pair is inducible.

{00111]  In an embodiment of the delivery system, etther or both of the first part of the protein
or CRISPR protein and the second part of the protein or CRISPR protein comprise one or more
i80112] In an embodiment of the delivery system, either or both of the first part of the protein
or CRISPR protetn and the second part of the protein or CRISPR. protein comprise one or more
nuclear export signals {(NESs).

{60113] In one aspect, the invention provides a delivery system for a non-naturally occurring
or engineered CRISPR system, component, protein or complex. The delivery system comprises
a non-naturally occurring or engineered CRISPR system, component, protein or complex,
assoctated with a virus structural component and a lipid component. The delivery system can
further comprise a targeting molecule, for example a targeting molecule that preferentially
guides the delivery system to a cell type or interest, or a cell expressing a target protein of
interest. The targeting molecule may be associated with or attached to the virus component or
the lipid component. In certain ersbodiments, the virus component preferentially guides the
delivery system to the target of interest.

{00114] In certain embodiments, the virus structural component comprises one or more capsid
protetns inchuding an entire capsid.  In certain embodiments, such as wherein a viral capsid
comprises multiple copies of different proteins, the delivery system can provide one or more of

the sarne protein or a mixture of such proteins. For example, AAV comprises 3 capsid proteins,
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VP1, VP2, and VP3, thus delivery systems of the invention can comprise one or more of VPI,
and/or one or more of VP2, and/or one or more of VP3. Accordingly, the present invention is
applicable to a virus within the family Adenoviridae, such as Atadenovirus, e.g., Ovine
atadenovirus D, Aviadenovirus, e.g, Fowl aviadenovirus A, Ichtadenovirus, e.g., Sturgeon
ichtadenovirus A, Mastadenovirus (which includes adenoviruses such as all human
adenoviruses), e.g, Human mastadenovirus C, and Siadenovirus, e.g., Frog siadenovirus A.
Thus, a virus of within the family Adenoviridae is contemplated as within the invention with
discussion herein as to adenovirus applicable to other family members. Target-specific AAV
capsid variants can be used or selected. Non-limiting examples include capsid variants selected
to bind to chronic myelogenous leukemia cells, human CD34 PBPC cells, breast cancer cells,
cells of hung, heart, dermal fibroblasts, melanoma cells, stem cell, glioblastoma cells, coronary
artery endothelial cells and keratinocytes. See, e.g., Buning et al, 2015, Current Opinion in
Pharmacology 24, 94-104. From teachings herein and knowledge in the art as to modifications
of adenovirus (see, e.g., US Patents 9,410,129, 7344872, 7,256,036, 6,911,199, 6,740,525;
Matthews, “Capsid-Incorporation of Antigens into Adenovirus Capsid Proteins for a Vaccine
Approach,” Mol Pharm, 8(1): 3-11 (2011}), as well as regarding modifications of AAV, the
skilled person can readily obtain a modified adenovirus that has a large payload protein or a
CRISPR-protein, despite that heretofore it was not expected that such a large protein could be
provided on an adenovirus. And as to the viruses related to adenovirus mentioned herein, as well
as to the viruses related to AAV mentioned herein, the teachings heretn as to modifying
adenovirus and AAV, respectively, can be applied to those viruses without undue
experimentation from this disclosure and the knowledge in the art.

{060115] In an embodiment of the invention, the delivery system comprises a virus protein or
particle adsorbed to a lipid component, such as, for example, a liposome. In certain
embodiments, a CRISPR system, component, protein or complex is associated with the virus
protein or particle. In certain embodiments, a CRISPR system, component, protein or complex is
associated with the lipid component. In certain embodiments, one CRISPR system, component,
protein or complex is associated with the virus protein or particle, and a second CRISPR system,
component, protein, or complex is associated with the lipid component. As used herein,
associated with includes, but is not limited to, linked to, adhered to, adsorbed to, enclosed in,

enclosed in or within, mixed with, and the like. In certain embodiments, the virus component
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and the lipid component are mixed, including but not limited to the virus component dissolved in
or inserted in a lipid bilayer. In certain embodiments, the virus component and the lipid
component are associated but separate, including but not limited a virus protein or particle
adsorbed or adhered to a liposome. In embodiments of the invention that further comprise a
targeting molecule, the targeting molecule can be associated with a virus component, a lipid
component, or a virus component and a liptd component.

i80116] In another aspect, the invention provides a non-naturally occurring or engineered
CRISPR protein associated with Adeno Associated Virus {AAV), eg., an AAV comprising a
CRISPR protein as a fusion, with or without a linker, to or with an AAV capsid protein such as
VP, VP2, and/or VP3, and, for shorthand purposes, such a non-naturally occurring or
engineered CRISPR protetn is herein termed a “"AAV-CRISPR protein” More in particular,
modifying the knowledge in the art, e.g., Rybniker et al, “Incorporation of Antigens into Viral
Capsids Augments Immunogenicity of Adeno-Associated Virus Vector-Based Vaccines,” J
Virol. Dec 2012; 86(24): 1380013804, Lux K, et al. 2005. Green fluorescent protein-tagged
adenc-associated virus particles allow the study of cytosolic and nuclear trafficking. J. Virol.
79:11776-11787, Munch RC, et al. 2012. “Displaying high-affinity ligands on adeno-associated
viral vectors enables tumor cell-specific and safe gene transfer.” Mol. Ther. [Epub ahead of
print.} doi:10.1038/mt.2012 186 and Warrington KH, Jr, et al. 2004, Adenc-associated virus type
2 VP2 capsid protein is nonessential and can tolerate large peptide insertions at its N terminus. J.
Virol. 78:6595-6609, each incorporated herein by reference, one can obtain a modified AAV
capsid of the invention. I will be understood by those skilled in the art that the moditications
described herein if inserted into the AAV cap gene may result in modifications in the VP, VP2
and/or VP3 capsid subunits. Alternatively, the capsid subunits can be expressed independently to
achieve modification in only one or two of the capsid subunits (VP1, VP2, VP3, VPI+VP2
VPI+VP3, or VP2+VP3). One can modify the cap gene to have expressed at a desired location a
nou-capsid protein advantageously a large payload protein, such as a CRISPR-protein.
Likewise, these can be fusions, with the protein, e.g, large payload protein such as a CRISPR-
protein fused in a manner analogous to prior art fusions. See, e.g, US Patent Publication
20090215879, Nance et al., “Perspective on Adeno-Associated Virus Capsid Modification for
Duchenne Muscular Dystrophy Gene Therapy,” Hum Gene Ther. 26(12):786—-800 (2015) and

documents cited therein, incorporated herein by reference.  The skilled person, from this
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disclosure and the knowledge in the art can make and use modified AAV or AAV capsid as in
the herein invention, and through this disclosure one knows now that large payload proteins can
be fused to the AAV capsid. Applicants provide AAV capsid -CRISPR protein {e.g, Cas, Cas9,
dCas9, Cptl, Cas13a, Casi3db) fusions and those AAV-capsid CRISPR protein {e.g., Cas, Cas9)
fusions can be a recombinant AAV that contains nucleic acid molcule(s} encoding or providing
CRISPR-Cas or CRISPR system or complex RNA guide(s}, whereby the CRISPR protein (e.g,,
Cas, Cas9) fusion delivers a CRISPR-Cas or CRISPR system complex (e.g., the CRISPR protein
or Cas or Cas9 is provided by the fusion, e.g, VP1, VP2, pr VP3 fusion, and the guide RNA 13
provided by the coding of the recombinant virus, whereby in vivo, in a cell, the CRISPR-Cas or
CRISPR system is asserbled from the nucleic acid molecule(s) of the recornbinant providing the
guide RNA and the outer surface of the virus providing the CRISPR-Enzyme or Cas or Cas9.
Such as complex may herein be termed an “AAV-CRISPR system” or an “"AAV-CRISPR-Cas”
or “AAV-CRISPR complex” or AAV-CRISPR-Cas complex.” Accordingly, the instant
invention is also applicable to a virus in the genus Dependoparvovirus or in the family
Parvoviridae, for instance, AAV, or a virus of Amdoparvovirus, e.g., Carnivore amdoparvovirus
I, a virus of Aveparvovirus, e.g., Galliform aveparvovirus 1, a virus of Bocaparvovirus, .g.,
Ungulate bocaparvovirus 1, a virus of Copiparvovirus, e.g., Ungulate copiparvovirus 1, a virus of
Dependoparvovirus, ¢.g., Adeno-associated dependoparvovirus A, a virus of Erythroparvovirus,
e.g., Primate erythroparvovirus 1, a virus of Protoparvovirus, e.g., Rodent protoparvovirus 1, a
virus of Tetraparvovirus, e.g., Primate tetraparvovirus 1. Thus, a virus of within the family
Parvoviridae or the genus Dependoparvovirus or any of the other foregoing genera within
Parvoviridae i3 contemplated as within the invention with discussion herein as to AAY
applicable to such other viruses.

{60117] In one aspect, the invention provides a non-naturally occurring or engineered
composition comprising a CRISPR enzyme which is part of or tethered to a AAV capsid domain,
ie, VP, VP2, or VP3 domain of Adeno-Associated Virus {AAV) capsid. In some
embodiments, part of or tethered t0 a AAV capsid domain includes assoctated with associated
with a AAV capsid domain. In some embodiments, the CRISPR enzyme may be fused to the
AAV capsid domain. In some embodiments, the fusion may be to the N-terminal end of the
AAV capsid domain.  As such, in some embodiments, the C- terminal end of the CRISPR

enzyme s fused to the N- terminal end of the AAV capsid domain. In some embodiments, an
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NLS and/or a linker (such as a GlySer linker) may be positioned between the C- terminal end of
the CRISPR enzyme and the N- terminal end of the AAV capsid domain. In some embodiments,
the fusion may be to the C-terminal end of the AAV capsid domain. In some embodiments, this
is not preferred due to the fact that the VP1, VP2 and VP3 domains of AAY are alternative
splices of the same RNA and so a C- terminal fusion may atfect all three domains. In some
embodiments, the AAV capsid domain is truncated. In some embodiments, some or all of the
AAV capsid domain is removed. In some embodiments, some of the AAV capsid domain is
removed and replaced with a linker (such as a GlySer linker), typically leaving the N- terminal
and C- terminal ends of the AAV capsid domain intact, such as the first 2, 5 or 10 amino acids.
In this way, the internal (non-terroinal) portion of the VP3 domain may be replaced with a linker.
It is particularly preferred that the linker is fused to the CRISPR protein. A branched linker may
be used, with the CRISPR protein fused to the end of one of the braches. This allows for some
degree of spatial separation between the capsid and the CRISPR protein. In this way, the
CRISPR protein is part of {or fused to) the AAV capsid domain.

{00118] Alternatively, the CRISPR enzyme may be fused in frame within, 1.e. internal to, the
AAV capsid domain. Thus in some embodiments, the AAV capsid domain again preferably
retains its N- terminal and C- terminal ends. In this case, a linker 1s preferred, in some
embodiments, either at one or both ends of the CRISPR enzyme. In this way, the CRISPR
enzyme is again part of {or fused to) the AAV capsid domain. In certain embodiments, the
positioning of the CRISPR enzyme is such that the CRISPR enzyme is at the external surface of
the viral capsid once formed. In one aspect, the invention provides a non-naturally occurring or
engineered composition comprising a CRISPR enzvime associated with a AAY capsid domain of
Adeno-Associated Virus (AAV) capsid. Here, associated may mean in some embodiments
fused, or in some embodiments bound to, or in some embodiments tethered to. The CRISPR
protein may, in some embodiments, be tethered to the VP1, VP2, or VP3 domain. This may be
via a connector protein or tethering system such as the biotin-streptavidin system. In one
example, a biotinylation sequence (15 amino acids) could therefore be fused to the CRISPR
protein. When a fusion of the AAV capsid domain, especially the N- terminus of the AAV AAV
capsid domain, with streptavidin is also provided, the two will therefore associate with very high
affinity. Thus, in some embodiments, provided i3 a composition or system comprising a

CRISPR protein-biotin fusion and a streptavidin- AAV capsid domain arrangement, such as a
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fusion. The CRISPR protein-biotin and streptavidin- AAV capsid dormain forros a single
complex when the two parts are brought together. NLSs may also be incorporated between the
CRISPR protein and the biotin; and/or between the streptavidin and the AAV capsid domain.
{60119]  An alternative tether may be to fuse or otherwise associate the AAV capsid domain fo
an adaptor protein which binds to or recognizes to a corresponding RNA sequence or motif. In
some embodiments, the adaptor is or comprises a binding protein which recognizes and binds {or
is bound by} an RNA sequence specific for said binding protein. In some embodiments, a
preferred exarple is the MS2 (see Konermann et al. Dec 2014, cited infra, incorporated herein
by reference) binding protein which recognizes and binds {or is bound by} an RNA sequence
specific for the MS2 protein.

[00128]  With the AAYVY capsid domain associated with the adaptor protein, the CRISPR
protein may, in some embodiments, be tethered to the adaptor protein of the AAV capsid
domain. The CRISPR protein may, in some embodiments, be tethered to the adaptor protein of
the AAV capsid domain via the CRISPR enzyme being in a complex with a modified guide, see
Konermann ef a/. The wmodified guide is, in some embodiments, a sgRNA. In some
embodiments, the modified guide comprises a distinct RNA sequence; see

PCT/USTI4/7017S, incorporated herein by reference.
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{060121] In some embodiments, distinct RNA sequence is an aptamer. Thus, corresponding
aptamer- adaptor protein systems are preferred. One or more functional domains may also be
associated with the adaptor protein. An example of a preferred arrangement would be:

[AAV AAV capsid domain - adaptor protein] - [modified guide - CRISPR protein}
{00122] In certain embodiments, the positioning of the CRISPR protein is such that the
CRISPR protein is at the internal surface of the viral capsid once formed. In one aspect, the
invention provides a non-naturally occurring or engineered composition comprising a CRISPR
protein associated with an internal surface of an AAV capsid domain. Here again, associated
may mean in some embodiments fused, or in some embodiments bound to, or in some
embodiments tethered to. The CRISPR protein may, in some embodiments, be tethered to the
VP11, VP2, or VP3 domain such that it locates to the mternal surface of the viral capsid once
formed. This may be via a connector protein or tethering system such as the biotin-streptavidin

system as described above.
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{60123] When the CRISPR protein fusion 15 designed so as to position the CRISPR protein at
the internal surface of the capsid once formed, the CRISPR protein will fili most or all of internal
volume of the capsid. Alternatively the CRISPR protein may be modified or divided so0 as to
occupy a less of the capsid internal volume. Accordingly, 1n certain embodiments, the invention
provides a CRISRP protein divided in two portions, one portion comprises in one viral particle or
capsid and the second portion comprised in a second viral particle or capsid.  In certain
embodiments, by splitting the CRISPR protein in two portions, space is made avatlable to link
one or more heterologous domains to one or both CRISPR protein portions.
{060124] Split CRISPR proteins are set forth herein and in documents incorporated herein by
reference in further detail herein. In certain embodiments, each part of a split CRISRP proteins
are attached to a member of a specific binding pair, and when bound with each other, the
members of the specific binding pair maintain the parts of the CRISPR protein in proximity. In
certain embodiments, each part of a split CRISPR protein is associated with an inducible binding
pair. An inducible binding pair is one which is capable of being switched “on” or “off” by a
protein or small molecule that binds to both members of the inducible binding pair. To general,
according to the invention, CRISPR proteins may preferably split between domains, leaving
domains intact. Preferred, non-limiting examples of such CRISPR proteins include, without
fimitation, Cas9, Cpfl, C2¢2, Casl3a, Casli3b, and orthologues. Preferred, non-limiting
examples of split points include, with reference to SpCas9: a split position between 202A/2038S;
a split position between 255F/256D; a split position between 310E/3111; a split position between
534R/535K; a split position between 572E/573C; a split position between 7135/714G; a split
position between 10031L/104E; a split position between 1054G/1055E; a split position between
1114N/11158; a split position between 1152K/11538; a split position between 1245K/1246G; or
a split between 1098 and 1099,
{80125] In some embodiments, any AAV serotype is preferred. In some embodiments, the
/P2 domain associated with the CRISPR enzyme 15 an AAV serotype 2 VP2 domain. T some
embodiments, the VP2 domain associated with the CRISPR enzyme is an AAYVY serotype 8 VP2
domain. The serotype can be a mixed serotype as is known in the art. A tabulation of certain
AAV serotypes as to these cells (see Grimm, D. et al, J. Virol. 82: 5887-5911 (2008}) is as

foliows:

ICell Line  |AAV-1IAAV-2IAAV-3AAV-4AAV-5IAAY-BAAV-BIAAV-9)
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Huh-7 13 11001 25 1 00 | 01 10 { 0.7 | 0.0
HEKZ93 25 11001 25 1 01 1 04 5 07 1 01
Hela 3 1001 20 1 01 | 6.7 1 02 {1 01
Hep(G2 3 100 1167 1 03 | 1.7 5 0.3 | ND
HeplA 20 11001 02 | 1.0 01 1 02 1 00
911 17 1 100§ 11 0.2  O1 17 1 01 | ND
CHO 100 1 1001 14 | 14 | 333 | &0 10 1 1.0
COS 33 100 33 {33 1 501 14 | 20 1 05
MeWo 10 1100 20 | 03 | 6.7 10 1.0 1 0.2
NIH3T3 10 11001 29 1 29 1 03 1 10 | 03 | ND
AL4D 14 {100 20 | ND {1 05§ 10 | 05 | 01
HT1180 20 11001 10 1 01 1 03 | 33 | 0.5 | 0.1
Monocytes {11111 100 | ND | ND | 125 11429 ND | ND
Immature DC1 25001 100 | ND | ND | 222 128571 ND | ND
Mature DC 122221 100 | ND | ND | 333 13333| ND | ND

{60126] The CRISPR enzyme may form part of a CRISPR-Cas system, which further
comprises a guide RNA (sgRNA) comprising a guide sequence capable of hybridizing to a target
sequence in a genomic locus of interest in a cell. In some embodiments, the functional CRISPR-
Cas system binds to the target sequence. In some embodiments, the functional CRISPR-Cas
system may edit the genomic locus to alter gene expression. In some embodiments, the
functional CRISPR-Cas system may comprise further functional domains.

i80127] In some embodiments, the CRISPR enzyme is a Cas9. In some embodiments, the
CRISPR enzyme 13 an Sp Cas®. In some embodiments, the CRISPR enzyme 1s an 8a Cas9. In
some embodiments, the CRISPR enzyme is an St or Fn Cas9, although other orthologs are
envisaged. Sp and Sa Cas9s are particularly preferred, in some embodiments.

{00128] In some embodiments, the CRISPR enzyme is external to the capsid or virus particle.
In the sense that it is not nside the capsid {enveloped or encompassed with the capsid), but is
externally exposed so that it can contact the target genomic DNA). In some embodiments, the
CRISPR enzyme cleaves both strands of DNA to produce a double strand break (DSB). In some
embodiments, the CRISPR enzyme 1s a nickase. In some embodiments, the CRISPR enzyme is a
dual nickase. In some embodiments, the CRISPR enzyme is a deadCas®. In some general
embodiments, the CRISPR enzyme is associated with one or more functional domains. In some

more specific embodiments, the CRISPR enzyme is a deadCas9 and is associated with one or
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more functional domains. In some embodiments, the CRISPR enzyme comprises a Rec2 or HD2
truncation. In some embodiments, the CRISPR enzyme is associated with the AAV VP2 domain
by way of a fusion protein. In some embodiments, the CRISPR enzyme is fused to
Destabilization Domain (DD}, In other words, the DD may be assoctated with the CRISPR
enzyme by fusion with said CRISPR enzyme. The AAV can then, by way of nucleic acid
molecule(s) deliver the stabilizing ligand {or such can be otherwise delivered) In some
embodiments, the enzyme may be considered to be a modified CRISPR enzyme, wherein the
CRISPR enzyme is fused to at least one destabilization domain (DD) and VP2, In some
embodiments, the association may be considered to be a modification of the VP2 domain.
Where reference i1s made herein to a modified VP2 domain, then this will be understood to
include any association discussed herein of the VP2 domain and the CRISPR enzyme. In some
embodiments, the AAV VP2 domain may be associated {or tethered) to the CRISPR enzyme via
a connector protein, for example using a system such as the streptavidin-biotin system. As such,
provided 15 a fusion of a CRISPR enzyme with a connector protein specific for a high affinity
figand for that connector, whereas the AAV VP2 domain i3 bound to said high affinity ligand.
For example, streptavidin may be the connector fused to the CRISPR enzyme, while bictin may
be bound to the AAV VP2 domain. Upon co-localization, the streptavidin will bind to the biotin,
thus connecting the CRISPR enzyme to the AAV VP2 domain. The reverse arrangement is also
possible. In some embodiments, a biotinylation sequence (15 amino acids) could therefore be
fused to the AAV VP2 domain, especially the N- terminus of the AAV VP2 domain. A fusion of
the CRISPR enzyme with streptavidin is also preferred, in some embodiments. In some
embodiments, the bictinvlated AAV capsids with streptavidin-CRISPR enzyme are assembled i
vitro. This way the AAV capsids should assemble in a straightforward manner and the CRISPR
enzyme-streptavidin fusion can be added after assemably of the capsid. In other embodiments a
biotinylation sequence (15 amino acids) could therefore be fused to the CRISPR enzyme,
together with a fusion of the AAV VP2 domain, especially the N- terminus of the AAV VP2
domain, with streptavidin. For simplicity, a fusion of the CRISPR enzyme and the AAV VP2
domain is preferred in some embodiments. In some embodiments, the fusion may be to the N-
terminal end of the CRISPR enzyme. In other words, in some embodiments, the AAV and
CRISPR enzyme are associated via fusion. In some embodiments, the AAY and CRISPR

enzyme are associated via fusion including a hinker. Suitable linkers are discussed herein, but
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include Gly Ser linkers. Fusion to the N- term of AAV VP2 domain is preferred, in some
embodiments. In some embodiments, the CRISPR enzyme comprises at least one Nuclear
Localization Signal (NLS). In an aspect, the present invention provides a polynucleotide
encoding the present CRISPR enzyme and associated AAY VP2 domain.

{00129] Viral delivery vectors, for example modified viral delivery vectors, are hereby
provided. While the AAVY may advantageously be a vehicle for providing RNA of the CRISPR-
Cas Complex or CRISPR system, ancther vector may also deliver that RNA, and such other
vectors are also herein discussed. Tn one aspect, the tnvention provides a non-naturally occurring
modified AAV having a VP2-CRISPR enzyme capsid protein, wherein the CRISPR enzyme is
part of or tethered to the VP2 domain. In some preferred embodiments, the CRISPR enzyme is
fused to the VP2 domain so that, in another aspect, the invention provides a non-naturally
occurring modified AAY having a VP2-CRISPR enzyme fusion capsid protein. The following
embodiments apply equally to either modified AAV aspect, unless otherwise apparent. Thus,
reference herein to a VP2-CRISPR enzyme capsid protein may also include a VP2Z-CRISPR
enzyme fusion capsid protein. In some embodiments, the VP2-CRISPR enzyme capsid protein
further comprises a linker. In some embodiments, the VPZ-CRISPR enzyme capsid protein
further comprises a linker, whereby the VP2-CRISPR enzyme 1s distanced from the remainder of
the AAV. In some embodiments, the VP2-CRISPR enzyme capsid protein further comprises at
least one protein complex, e.g, CRISPR complex, such as CRISPR-Cas9 complex guide RNA
that targets a particular DNA, TALE, etc. A CRISPR complex, such as CRISPR-Cas system
comprising the VP2-CRISPR enzyme capsid protein and at least one CRISPR complex, such as
CRISPR-Cas9 complex guide RNA that targets a particular DNA, is also provided in one aspect.
In general, in some embodiments, the AAY further comprises a repair template. It will be
appreciated that comprises here may mean encompassed thin the viral capsid or that the virus
encodes the comprised protein. In some embodiments, one or more, preferably two or more
guide RNAs, may be comprised/encompassed within the AAV vector. Two may be preferred, in
some embodiments, as it allows for multiplexing or dual nickase approaches. Particularly for
multiplexing, two or more guides may be used. In fact, in some embodiments, three or more,
four or more, five or more, or even six or more guide RNAs may be comprised/encompassed
within the AAV. More space has been freed up within the AAV by virtue of the fact that the

AAYV no longer needs to comprise/encornpass the CRISPR enzyme. In each of these instances, a
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repair template may also be provided comprised/encompassed within the AAV. In some
embodiments, the repair template corresponds to or includes the DNA target.

{00130] In a further aspect, the present invention provides compositions comprising the
CRISPR enzyme and associated AAYV VP2 domain or the polynuclectides or vectors described
herein. Also provides are CRISPR-Cas systems comprising guide RNAs.

{00131] Also provided is a method of treating a subject in need thereof, comprising inducing
gene editing by transforming the subject with the polynucleotide encoding the system or any of
the present vectors. A suitable repair template may also be provided, for example delivered by a
vector comprising said repair template. In some embodiments, a single vector provides the
CRISPR enzyme through {association with the viral capsid) and at least one of: guide RNA;
and/or a repair template. Alsc provided is a method of treating a subject in need thereof
comprising inducing transcriptional activation or repression by transtorming the subject with the
polynucieotide encoding the present system or any of the present vectors, wherein said
polymucleotide or vector encodes or comprises the catalytically inactive CRISPR enzyme and
one or more associated functional domains. Compositions comprising the present system for use
in said method of treatment are also provided. A kit of parts may be provided including such
compositions. Use of the present system in the manufacture of a medicament for such methods
of treatment are also provided.

{00132] Also provided 1s a pharmaceutical composition comprising the CRISPR enzyme
which is part of or tethered to a VP2 domain of Adenc-Associated Virus (AAV) capsid; or the
non-naturally occurring modified AAV, or a polynuclectide encoding them.

{00133] Also provided is a complex of the CRISPR enzyme with a guideRNA, such as
sgRNA. The complex may further include the target DNA.

{00134] A split CRISPR enzyme, most preferably Cas9, approach may be used. The so-called
‘split Cas®’ approach Split Cas9 allows for the following. The Cas9 is split into two pieces and
each of these are fused to one half of a dimer. Upon dimerization, the two parts of the Cas9 are
brought together and the recounstituted Cas9 has been shown to be functional. Thus, one part of
the split Cas9 may be associated with one VP2 domain and second part of the split Cas9 may be
associated with another VP2 domain. The two VP2 domains may be in the same or different
capsid. In other words, the split parts of the Cas® could be on the same virus particle or on

different virus particles.
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{80135] In some embodiments, one or more functional domains may be associated with or
tethered to CRISPR enzyme and/or may be associated with or tethered to modified guides via
adaptor proteins. These can be used trrespective of the fact that the CRISPR enzyme may also
be tethered to a virus cuter protein or capsid or envelope, such as a VP2 domain or a capsid, via
moditfied guides with aptamer RAN sequences that recognize correspond adaptor proteins.
{00136] In some embodiments, one or more functional domains comprise a transcriptional
activator, repressor, a recombinase, a transposase, a histone remodeler, a demethylase, a DNA
methyltransferase, a cryptochrome, a light inducible/controllable domain, a chemically
inducible/controliable domain, an epigenetic modifving domain, or a combination therecf
Advantageously, the functional dormain comprises an activator, repressor or nuclease.

{00137] In some embodiments, a functional domain can have methylase activity, demethylase
activity, transcriptfion activation activity, transcription repression activity, transcription release
factor activity, histone modification activity, RNA cleavage activity or nucleic acid binding
activity, or activity that a domain identified herein has.

{00138] Examples of activators include P65, a tetramer of the herpes simplex activation
domain VP16, termed VP64, optimized use of VP64 for activation through modification of both
the sgRNA design and addition of additional helper molecules, MSZ, P65 and HSFlin the system
called the synergistic activation mediator (SAM) (Konermann et al, “Genome-scale
transcriptional activation by an engineered CRISPR-Cas9 complex,” Nature 517(7536):583-8
(2015)); and examples of repressors include the KRAB (Kruppel-associated box) domatn of
Kox1 or SID domain (e.g. SID4X); and an example of a nuclease or nuclease domain suitable for
a functional domain comprises Fokl.

{06013%9] Suitable functional domains for use in practice of the invention, such as activators,
repressors or nucleases are also discussed in documents incorporated herein by reference,
including the patents and patent publications herein-cited and incorporated herein by reference
regarding general information on CRISPR-Cas Systems.

{60140] In some embodiments, the CRISPR enzyme comprises or consists essentially of or
consists of a localization signal as, or as part of, the linker between the CRISPR enzyme and the
AAV capsid, e.g., VP2, HA or Flag tags are also within the ambit of the invention as linkers as
well as Glycine Serine linkers as short as GS up to (GGGGS)3. In this regard it is mentioned

that tags that can be used in embodirnents of the invention 1nclude affinity tags, such as chitin
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binding protein (CBP), maltose binding protein (MBP), glutathione-S-transferase (GST),
poly(His} tag; sclubilization tags such as thioredoxin (TRX} and poly(NANP), MBP, and GST;
chromatography tags such as those consisting of polyanionic amino acids, such as FLAG-tag;
epitope tags such as V5-tag, Myc-tag, HA-tag and NE-tag; fluorescence tags, such as GFP and
mCherry; protein tags that may allow specific enzymatic modification (such as biotinylation by
biotin ligase) or chemical modification (such as reaction with FIAsH-EDT2 for fluorescence
imaging).

[00141] Also provided 15 a method of treating a subject, eg a subject in need thereof,
comprising inducing gene editing by transforming the subject with the AAV-CRISPR enzyme
advantageously encoding and expressing in vivo the remaining portions of the CRISPR system
{e.g, RNA, guides). A suitable repair template may also be provided, for example delivered by a
vector comprising said repair template. Also provided 1s a method of treating a subject, e.g., a
subject in need thereof, comprising inducing transcriptional activation or repression by
transforming the subject with the AAV-CRISPR enzyme advantageously encoding and
expressing in vivo the remaining portions of the CRISPR system {(e.g, RNA, guides),
advantageouslty in some embodiments the CRISPR enzyme is a catalytically inactive CRISPR
enzyme and comprises one or more associated functional domains. Where any treatment is
occurring ex vivg, for example in a cell culture, then it will be appreciated that the term ‘subject’
may be replaced by the phrase “cell or cell culture”

{60142] Compositions comprising the present system for use in said method of treatment are
also provided. A kit of parts may be provided including such compositions. Use of the present
system: in the manufacture of a medicament for such methods of treatment are also provided.
Use of the present system in screening is also provided by the present invention, e.g., gain of
function screens. Cells which are artificially forced to overexpress a gene are be able to down
regulate the gene over time (re-establishing equilibrium) e.¢. by negative feedback loops. By the
time the screen starts the unregulated gene might be reduced again.

{060143] In one aspect, the invention provides an engineered, non-naturally occurring
CRISPR-Cas system comprising a AAV-Cas protein and a guide RNA that targets a DNA
molecule encoding a gene product in a cell, whereby the guide RNA targets the DNA molecule
encoding the gene product and the Cas protein cleaves the DNA molecule encoding the gene

product, whereby expression of the gene product 15 altered; and, wherein the Cas protein and the
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guide RNA do not naturally occur together. The invention comprehends the guide RNA
comprising a guide sequence fused to a tracr sequence. In an embodiment of the invention the
Cas protein 18 a type I CRISPR-Cas protein and in a preferred embodiment the Cas protein is a
(Cas% protein. The invention further comprehends the coding for the Cas protein being codon
optimized tor expression in a eukaryotic cell. In a preferred embodiment the eukaryotic cell 15 a
mammaltan cell and in a more preferred embodiment the mammalian cell ts a human cell. In a
further embodiment of the invention, the expression of the gene product is decreased.

{00144] 1o avother aspect, the invention provides aun engineered, non-naturally occurring
vector system comprising one or more vectors comprising a first regulatory element operably
finked to a CRISPR-Cas systern guide RNA that targets a DNA molecule encoding a gene
product and a AAV-Cas protein. The components may be located on same or different vectors of
the system, or may be the same vector whereby the AAV-Cas protein also delivers the RNA of
the CRISPR system. The guide RNA targets the BNA molecule encoding the gene product in a
cell and the AAV-Cas protein may cleaves the DNA molecule encoding the gene product (it may
cleave one or both strands or have substantially no nuclease activity), wherebhy expression of the
gene product is altered; and, wherein the AAV-Cas protein and the guide RNA do not naturally
occur together. The tnvention comprehends the guide RNA comprising a guide sequence fused to
a tracr sequence. In an embodiment of the invention the AAV-Cas protein is a type H AAV-
CRISPR-Cas protein and in a preferred embodiment the AAV-Cas protein is a AAV-Cas9
protein. The invention further comprehends the coding for the AAV-Cas protein being codon
optimized for expression in a eukaryotic cell. In a preferred embodiment the eukaryotic cell is a
mammalian cell and in a more preferred embodiment the mammalian cell is a human cell. In a
further embodiment of the invention, the expression of the gene product is decreased.

{00145] In one aspect, the invention provides a vector system comprising one or more vectors,
In some embodiments, the system comprises: {3) a ftirst regulatory element operably linked to a
tract mate sequence and one or more insertion sites for 1userting one or more guide sequences
upstream of the tracr mate sequence, wherein when expressed, the guide sequence directs
sequence-specitic binding of a AAV-CRISPR complex to a target sequence in a eukaryotic cell,
wherein the CRISPR complex comprises a AAY-CRISPR enzyme complexed with (1) the guide
sequence that is hybridized to the target sequence, and (2) the tracr mate sequence that is

hybridized to the tracr sequence; and (b) said AAV-CRISPR enzyme comprising at least one
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nuciear localization sequence and/or at least one NES; wherein components {(a) and (b) are
located on or in the same or different vectors of the system. In some embodiments, component
(a) further comprises the tracr sequence downstream of the tracr mate sequence under the control
of the first regulatory element. In some embodiments, component {a} further comprises two or
more guide sequences operably linked to the first regulatory element, wherein when expressed,
each of the two or more guide sequences direct sequence specific binding of a AAV-CRISPR
complex to a different target sequence in a eukaryotic cell. In some embodiments, the system
comprises the tracr sequence under the control of a third regulatory element, such as a
polymerase HI promoter. In some embodiments, the tracr sequence exhibits at least 50%, 60%,
70%, 80%, 90%, 95%, or 99% of sequence coraplementarity along the length of the tracr mate
sequence when optimally aligned. Determining optimal alignment is within the purview of one
of skill in the art. For example, there are publically and commercially available alignment
algorithms and programs such as, but not limited to, ClustalW, Smith-Waterman in matlab,
Bowtie, Geneious, Biopython and SeqMan. In some embodiments, the AAV-CRISPR complex
comprises one or more nuclear localization sequences of sufficient strength to drive
accumulation of said CRISPR complex in a detectable amount in the nucleus of a eukaryotic cell.
Without wishing to be bound by theory, it is believed that a nuclear localization sequence 1s not
necessary for AAV-CRISPR complex activity in eukaryotes, but that including such sequences
enhances activity of the system, especially as to targeting nucleic acid molecules in the nucleus
and/or having molecules exit the nucleus. In some embodiments, the AAV-CRISPR enzyme is a
type I AAV-CRISPR system enzyme. In some embodiments, the AAV-CRISPR enzyme is a
AAV-Cas9 enzyme. In some embodiments, the AAV-Cas9 enzyme is derived from S
preumoniae, 8. pyogenes, S. thermophiles, F. novicida or 5. aureus Cas9 {e.g., a Cas9 of one of
these organisms modified to have or be associated with at least one AAV), and may include
further mutations or alterations or be a chimeric Cas® The enzyme may be a AAV-Cas9
homolog or ortholog. In some embodiments, the AAV-CRISPR enzyme 1s codon-optimized for
expression in a eukaryotic cell. In some embodiments, the AAV-CRISPR enzyme directs
cleavage of one or two strands at the location of the target sequence. In some embodiments, the
AAV-CRISPR enzvime lacks DNA strand cleavage activity. In some embodiments, the first
regulatory element is a polymerase Il promoter. In some embodiments, the second regulatory

element 15 a polymerase H promoter. In some embodiments, the guide sequence is at least 15,
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16, 17, 18, 19, 20, 25 nucleotides, or between 10-30, or between 15-25, or between 15-20
nuclectides in length. In general, and throughout this specification, the term “vector” refers to a
nucleic acid molecule capable of transporting another nucleic acid to which it has been linked.
Yectors tnclude, but are not limited to, nucleic acid molecules that are single-stranded, double-
stranded, or partially double-stranded; nucleic acid molecules that comprise one or more free
ends, no free ends (e.g., circular);, nucleic acid molecules that comprise DNA, RNA, or both; and
other varieties of polynuclectides known in the art. One type of vector is a “plasnud,” which
refers to a circular double stranded DNA loop into which additional DNA segments can be
inserted, such as by standard molecular cloning techniques. Another type of vector is a viral
vector, wherein virally-derived DNA or RNA sequences are present in the vector for packaging
into a virus {e.g., retroviruses, replication defective retroviruses, adenoviruses, replication
defective adenoviruses, and adeno-associated viruses). Viral vectors also include
polynucleotides carried by a virus for transfection into a host cell. Certain vectors are capable of
autonomous replication in a host cell into which they are introduced (e g., bacterial vectors
having a bacterial origin of replication and episomal mammalian vectors). Other vectors {e.g.,
non-episomal mammalian vectors) are integrated into the genome of a host cell upon
introduction into the host cell, and thereby are replicated along with the host genome. Moreover,
certain vectors are capable of directing the expression of genes to which they are operatively-
linked. Such vectors are referred to herein as “expression vectors.” Common expression vectors
of utility in recombinant DNA techniques are often in the form of plasmids.

{00146] Recombinant expression vectors can comprise a nucleic acid of the invention in a
form suitable for expression of the nucleic acid in a host cell, which means that the recombinant
expression vectors include one or more regulatory elements, which may be selected on the basis
of the host cells to be used for expression, that 15 operatively-linked to the nucleic acid sequence
to be expressed. Within a recombinant expression vector, “operably linked” is intended to mean
that the nucleotide sequence of interest is linked to the regulatory element(s) in a manner that
allows for expression of the nucleotide sequence (e.g, in an in vitro transcription/translation
system or int a host cell when the vector is introduced into the host cell). Again, the RNA of the
CRISPR System, while advantageously delivered via the AAV-CRISPR enzyme can also be

delivered separately, e g via a separate vector.
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{00147] The torm “regulatory element” 1s intended to include promoters, enhancers, internal
ribosomal entry sites (IRES), and other expression control elements (e.g, transcription
termination signals, such as polyadenylation signals and poly-U sequences). Such regulatory
elements are described, for example, in Goeddel, GENE EXPRESSION TECHNOLOGY:
METHODS IN ENZYMOLOGY 185, Academic Press, San Diego, Calif. (1990). Regulatory
elements include those that direct constitutive expression of a nuciectide sequence in many types
of host cell and those that direct expression of the nucleotide sequence only in certain host cells
{e.g., tissue-specific regulatory sequences). A tissue-specific promoter may direct expression
primarnly in a desired tissue of interest, such as muscle, neuron, bone, skin, blood, specific
organs {e.g., liver, pancreas), or particular cell types (e.g., lymphocyies). Regulatory elements
may also direct expression in a temporal-dependent manner, such as in a cell-cycle dependent or
developmental stage-dependent manner, which may or may not also be tissue or celi-type
specific. In some embodiments, a vector comptises one or more pol Hi promoter (e.g, 1, 2, 3, 4,
S, or more pol Il promoters}, one or more pol I promoters {e.g, 1, 2, 3, 4, 5, or more pol 1

promoters), one or more pol I promoters (eg, 1, 2, 3, 4, 5, or more pol I promoters), or

combinations thereof. Examples of pol I promoters include, but are not limited to, U6 and H1
promoters. Examples of pol II promoters include, but are vot limited to, the retroviral Rous
sarcoma virus {(RSV) LTR promoter {optionally with the RSV enhancer), the cytomegalovirus
(CMV) promoter {optionally with the CMYV enhancer) [see, ¢.g., Boshart et al, Cell, 41:521-530
(1985)], the SV40 promoter, the dihydrofolate reductase promoter, the B-actin promoter, the
phosphoglycerol kinase (PGK) promoter, and the EFla promoter. Also encompassed by the
term “regulatory element” are enhancer elements, such as WPRE;, CMV enhancers; the R-US’
segment in LTR of HTLV-I(Mol. Cell. Biol,, Vol. 8(1}, p. 466-472, 1988); SV40 enhancer; and
the intron sequence between exons 2 and 3 of rabbit B-globin (Proc. Natl. Acad. Sci. USA., Vol
78(3), p. 1527-31, 1981). It will be appreciated by those skilled in the art that the design of the
expression vector can depend on such factors as the choice of the host cell to be transformed, the
fevel of expression desired, eic. A vector can be introduced into host cells to thereby produce
transcripts, proteins, or peptides, including fusion proteins or peptides, encoded by nucleic acids
as described herein {e.g., clustered regularly interspersed short palindromic repeats (CRISPR)

transcripts, proteins, enzymes, mutant forms thereof, tusion proteins thereof, etc.).

49



WO 2018/191750 PCT/US2018/027793

{00148] Advantageous vectors include lentiviruses and adeno-associated viruses, and types of
such vectors can also be selected for targeting particular types of cells.

{00149] In one aspect, the invention provides an AAV-CRISPR enzyme comprising one or
more nuclear localization sequences and/or NES. In some embodiments, said AAV-CRISPR
enzyme includes a regulatory element that drives transcription of component(s) of the CRISPR
system {e.g., RNA, such as guide RNA and/or HR template sucleic actd molecule) in a
eukaryotic cell such that said AAV-CRISPR enzyme delivers the CRISPR system accumulates in
a detectable amount in the nucleus of the eukaryotic cell and/or 15 exported from the nucleus. In
some embodiments, the regulatory element is a polymerase Il promoter. In some embodiments,
the AAV-CRISPR enzyme s a type I AAV-CRISPR system enzyme. o some embodiments,
the AAV-CRISPR enzyme is a AAV-Cas9 enzyme. In some embodiments, the AAV-Cas9
enzyme is derived from 8. pueumoniae, 5. pyogenes, 8. thermophilus, I novicida or 8. aureus
CasY (e.g., modified to have or be associated with at least one AAV), and may include further
alteration or mutation of the Cas9, and can be a chimeric Cas?. In some embodiments, the AAV-
CRISPR enzyme is codon-optimized for expression in a eukaryotic cell. In some embodiments,
the AAV-CRISPR enzyme directs cleavage of one or two strands at the location of the target
sequence. In some embodiments, the AAV-CRISPR enzyme lacks or substantially DNA strand
cleavage activity {e.g., no more than 5% nuclease activity as compared with a wild type enzyme
or enzyme not having the mutation or alteration that decreases nuclease activity).

{6015¢] In one aspect, the invention provides a AAV-CRISPR enzyme comprising one or
more nuclear localization sequences of sufficient strength to drive accumulation of said AAV-
CRISPR enzyme in a detectable amount in the nucleus of a eukaryotic cell. In some
embodiments, the AAV-CRISPR enzyme is a type Il AAV-CRISPR system enzyme. In some
embodiments, the AAV-CRISPR enzyme 15 a AAV-Cas9 enzyme. In some embodiments, the
AAV-Cas9 enzyme is derived from S. preumoniae, S. pyogenes, 5. thermophilus, F. novicida or
8. aurens Cas9 (e.g., modified to have ot be associated with at least one AAV), and may include
further alteration or mutation of the Cas9, and can be a chimeric Cas9. In some embodiments, the
AAV-CRISPR enzyme is codon-optimized for expression in a eukaryotic cell. In some
embodiments, the AAV-CRISPR enzyme directs cleavage of one or two strands at the location

of the target sequence. In some embodiments, the AAV-CRISPR enzyme lacks or substantially
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DNA strand cleavage activity {(e.g, no more than 5% nuclease activity as compared with a wild
type enzyme or enzyme not having the mutation or alteration that decreases nuclease activity).

{00151] In one aspect, the invention provides a eukaryotic host cell comprising (a) a first
regulatory element operably linked to a tracr mate sequence and one or more insertion sites for
inserting one or more guide sequences upstream of the tracr mate sequence, wherein when
expressed, the guide sequence directs sequence-specific binding of a AAV-CRISPR complex to
a target sequence in a eukaryotic cell, wherein the AAV-CRISPR complex comprises a AAV-
CRISPR enzyme complexed with (1) the guide sequence that is hybridized to the target
sequence, and (2) the tracr mate sequence that is hybridized to the tracr sequence; and/or (b) a
said AAV-CRISPR enzyme optionally corprising at least one nuclear localization sequence
and/or NES. In some embodiments, the host cell comprises components (a) and (b). In some
embodiments, component (a), component (b), or components {a}) and (b} are stably integrated
into a genome of the host eukaryotic cell. In some embodiments, component (b) includes or
contains component {(a). In some embodiments, component (&) further comprises the tracr
sequence downstream of the tracr mate sequence under the control of the first regulatory
element. In some embodiments, component {a) further comprises two or more guide sequences
operably linked to the first regulatory element, wherein when expressed, each of the two or more
cuide sequences direct sequence specific binding of a AAV-CRISPR complex to a different
target sequence 1n a eukaryotic cell.  In some embodiments, the eukaryotic host cell further
comprises a third regulatory element, such as a polymerase Ul promoter, operably linked to said
tracr sequence. In some embodiments, the tracr sequence exhibits at least 50%, 60%, 70%, 80%,
90%, 95%, or 99% of sequence complementarity along the length of the tracr mate sequence
when optimally aligned. In some embodiments, the AAV-CRISPR enzyme comprises one or
more nuclear localization sequences and/or nuclear export sequences of sufficient strength to
drive accumulation of said CRISPR enzyme in a detectable amount in of the nucleus of a
eukaryotic cell. In some embodiments, the AAV- CRISPR enzyme 15 a type Il CRISPR system
enzyme. In some embodiments, the CRISPR enzyme is a Cas9 enzyme. In some embodiments,
the AAV-Cas9 enzyme is derived from S. preumoniae, S. pyogenes, S. thermophilus, F. novicida
or 8. aurens Cas9 {e.g., modified to have or be associated with at least one AAYVY), and may
include further alteration or mutation of the Cas9, and can be a chimeric Cas®. In some

embodiments, the AAV-CRISPR enzyme 1s codon-optimized for expression in a eukaryotic cell.
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In some embodiments, the AAV-CRISPR enzyme directs cleavage of one or two strands at the
focation of the target sequence. In some embodiments, the AAV-CRISPR enzyme lacks or
substantially DNA strand cleavage activity {e.g., no more than 5% nuclease activity as compared
with a wild type enzyme or enzyme not having the mutation or alteration that decreases nuclease
activity). In some embodiments, the first regulatory element is a polymerase Il promoter. In
some embodiments, the second regulatory element is a polymerase I promoter. In some
embodiments, the guide sequence is at least 15, 16, 17, 18, 19, 20, 25 nucleotides, or between
10-30, or between 15-25, or between 15-20 nucleotides in length. In an aspect, the invention
provides a non-human eukaryotic organism; preferably a multicellular eukaryotic organism,
comprising a eukaryotic host cell according to any of the described embodiments. In other
aspects, the invention provides a eukarvotic organism; preferably a multicellular eukaryotic
organism, comprising a eukaryotic host cell according to any of the described embodiments. The
organism in some embodiments of these aspects may be an animal; for example a mammal.
Also, the organism may be an arthropod such as an insect. The organism also may be a plant.
Further, the organism may be a fungus. Advantageoulsy the organism 1s a host of AAV.

{80152] In one aspect, the invention provides a kit comprising one or more of the components
described herein. o some embodiments, the kit comprises a vector system and instructions for
using the kit. In some embodiments, the vector system comprises (a) a first regulatory element
operably linked to a tracr mate sequence and one or more insertion sites for inserfing one or more
guide sequences upstream of the fracr mate sequence, wherein when expressed, the guide
sequence directs sequence-specific binding of a CRISPR complex to a target sequence in a
eukarvotic cell, wherein the CRISPR complex comprises a CRISPR enzyme complexed with (1)
the guide sequence that is hybridized to the target sequence, and (2) the tracr mate sequence that
is hybridized to the tracr sequence; and/or (b) said AAV-CRISPR enzyme optionally comprising
a nuclear localization sequence. In some embodiments, the kit comprises components {a} and (b}
located on or in the same or different vectors of the system, e.g, {a) can be contained in (b). In
some embodiments, component (a) further comprises the tracr sequence downstream of the tracr
mate sequence under the control of the first regulatory element. In some embodiments,
component {a)} further comprises two or more guide sequences operably linked to the first
regulatory element, wherein when expressed, each of the two or more guide sequences direct

sequence specific binding of a CRISPR complex to a different target sequence in a eukaryotic
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cell. Tn some embodiments, the system further comprises a third regulatory element, such as a
polymerase I promoter, operably linked to said tracr sequence. In some embodiments, the tracr
sequence exhibits at least 50%, 60%, 70%, 80%, 90%, 95%, or 99% of sequence
complementarity along the length of the tracr mate sequence when optimally aligned. In some
embodiments, the CRISPR enzyme comprises one or more nuclear localization sequences of
sufficient strength to drive accumulation of said CRISPR enzyme in a detectable amount in the
nucleus of a eukaryotic cell. In some embodiments, the CRISPR enzyme is a type Il CRISPR
systemn enzyme. Io some embodiments, the CRISPR enzyme is a Cas9 enzyme. In some
embodiments, the Cas® enzyme is derived from S. preumoniae, S. pyogenes, S. thermophilus, F.
novicida or S. aurens Cas9 (e.g., modified to have or be associated with at least one AAV), and
may include further alteration or mutation of the Cas9, and can be a chimeric Cas9. In some
embodiments, the coding for the AAV-CRISPR enzyme is codon-optimized for expression in a
eukarvotic cell. In some embodiments, the AAV-CRISPR enzyme directs cleavage of one or two
strands at the location of the target sequence. In some embodiments, the AAV-CRISPR enzyme
facks or substantially DNA strand cleavage activity (e.g., no more than 5% nuclease activity as
compared with a wild type enzyme or enzyme not having the mutation or alteration that
decreases nuclease activity). In some embodiments, the first regulatory element 1s a polymerase
{If promoter. In some embodiments, the second regulatory element is a polymerase Il promoter.
In some embodiments, the guide sequence is at least 15, 16, 17, 18, 19, 20, 25 nucleotides, or
between 10-30, or between 15-25, or between 15-20 nucleotides in length.

{00153] In one aspect, the invention provides a method of moditying a target polynucleotide
in a eukaryotic cell. In some embodiments, the method comprises allowing a AAV-CRISPR
complex to bind to the target polynucleotide, eg, to effect cleavage of said target
polynucieotide, thereby modifying the target polynucleotide, wherein the AAV-CRISPR
complex comprises a AAV-CRISPR enzyme complexed with a guide sequence hybridized to a
target sequence within said target polynucleotide, wherein said guide sequence 1s linked to a
tracr mate sequence which in turn hybridizes to a tracr sequence. In some embodiments, said
cleavage comprises cleaving one or two strands at the location of the target sequence by said
AAV-CRISPR enzyme. In some embodiments, said cleavage results in decreased transcription
of a target gene. In some embodiments, the method further comprises repairing said cleaved

target polynucleotide by homologous recombination with an exogenous template polynucleotide,
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wherein said repair results in a mutation comprising an insertion, deletion, or substitution of one
or more nucleotides of said target polynucleotide. In some embodiments, said mutation results in
one or more amino acid changes in a protein expressed from a gene comprising the target
sequence. In some embodiments, the method further comprises delivering one or more vectors
to said eukaryotic cell, wherein one or more vectors comprise the AAV-CRISPR enzyme and
one or more vectors drive expression of one or more of: the guide sequence linked to the tracr
mate sequence, and the tracr sequence. In some embodiments, said AAV-CRISPR enzyme drive
expression of one or more of the guide sequence linked to the tract mate sequence, and the tracr
sequence. In some embodiments such AAV-CRISPR enzyme are delivered to the eukaryotic cell
in a subject. In some erbodiments, said modifying takes place in said eukaryotic cell in a cell
culture. In some embodiments, the method further comprises isolating satd eukarvotic cell from
a subject prior to said modifying. In some embodiments, the method further comprises returning
said eukaryotic cell and/or cells derived therefrom to said subject.

{00134] In one aspect, the invention provides a method of modifying expression of a
polynucieotide in a eukaryotic cell. In some embodiments, the method comprises allowing a
AAV-CRISPR complex to bind to the polynucleotide such that said binding results in increased
or decreased expression of said polynucleotide; wherein the AAV-CRISPR complex comprises a
AAVY-CRISPR enzyme complexed with a guide sequence hybridized to a target sequence within
said polynucleotide, wherein said guide sequence is linked to a tracr mate sequence which in turn
hybridizes to a tracr sequence. In some embodiments, the method further comprises delivering
one or more vectors to said eukaryotic cells, wherein the one or more vectors are the AAV-
CRISPR enzyme and/or drive expression of one or more of: the guide sequence linked to the
tracr mate sequence, and the tracr sequence.

{B0133] In one aspect, the invention provides a method of generating a model eukaryotic cell
comprising a mutated disease gene. In some embodiments, a disease gene is any gene associated
an increase in the risk of having or developing a disease. In some embodiments, the method
comprises {a) introducing one or more vectors into a eukaryotic cell, wherein the one or more
vectors comprise the AAV-CRISPR enzyme and/or drive expression of one or more of a guide
sequence linked to a tracr mate sequence, and a tracr sequence; and (b) allowing a AAV-CRISPR
complex to bind to a target polynucleotide, e.g., to effect cleavage of the target polynucleotide

within said disecase gene, wherein the AAV-CRISPR complex comprises the AAV-CRISPR
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enzyme complexed with (1) the guide sequence that 1s hybridized to the target sequence within
the target polynucleotide, and (2) the tracr mate sequence that is hybridized to the tracr sequence,
thereby generating a model eukaryotic cell comprising a mutated disease gene. Thus, in some
embodiments the AAV-CRISPR enzyme contains nucleic acid molecules for and drives
expression of one or more of: a guide sequence linked to a tracr mate sequence, and a tracr
sequence and/or a Homologous Recombination template and/or a stabilizing ligand if the
CRISPR enzyme has a destabilization domain. In some embodiments, said cleavage comprises
cleaving one or two strands at the location of the target sequence by said AAV-CRISPR enzyme.
In some embodiments, said cleavage results in decreased transcription of a target gene. In some
embodiments, the method further comprises repairing said cleaved target polynucleotide by
homologous recombination with an exogenous template polynucleotide, wherein said repair
results in a mutation comprising an insertion, deletion, or substitution of one or more nucleotides
of said target polynuclectide. In some embodiments, said mutation results in one or more amino
acid changes in a protein expression from a gene comprising the target sequence.

{00136] In one aspect, the mvention provides a method for developing a biologically active
agent that modulates a cell signaling event associated with a disease gene. In some
embodiments, a disease gene is any gene associated an increase in the risk of having or
developing a disease. In some embodiments, the method comprises {a) contacting a test
compound with a model cell of any one of the described embodiments; and (b) detecting a
change in a readout that is indicative of a reduction or an augmentation of a cell signaling event
associated with said mutation in said disease gene, thereby developing said biclogically active
agent that modulates said cell signaling event associated with said disease gene.

{060157] In one aspect, the invention provides a recombinant polynucleotide comprising a
guide sequence upstream of a tracr mate sequence, wherein the guide sequence when expressed
directs sequence-specific binding of a AAV-CRISPR complex to a comresponding target
sequence present in a eukaryotic cell. The polynucleotide can be carried within and expressed in
vivo from the AAV-CRISPR enzyme. In some embodiments, the target sequence is a viral
sequence present in a eukaryotic cell.  In some embodiments, the target sequence is a proto-
oncogene of an oncogens.

{00158] In one aspect the invention provides for a method of selecting one or more celi(s) by

introducing one or more mutations in a gene in the one or more cell (), the method comprising:
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introducing one or more vectors into the cell (s), wherein the one or more vectors comprise a
AAV-CRISPR enzyme and/or drive expression of one or more of: a guide sequence linked to a
tracr mate sequence, a tracr sequence, and an editing template; wherein, for example that which
is being expressed is within and expressed in vivo by the AAV-CRISPR enzyme and/or the
editing template comprises the one or more mutations that abolish AAV-CRISPR enzyme
cleavage, allowing bomologous recombination of the editing template with the target
polynuciectide in the cell(s) to be selected; allowing a CRISPR complex to bind to a target
polynucleotide to effect cleavage of the target polynucleotide within said gene, wherein the
AAVY-CRISPR complex comprises the AAV-CRISPR enzyme complexed with (1} the guide
sequence that 1s hybridized to the target sequence within the target polynucleotide, and (2) the
tracr mate sequence that is hybnidized to the tracr sequence, wherein binding of the AAV-
CRISPR complex to the target polynucleotide induces cell death, thereby allowing one or more
cell{s} in which one or more mutations have been introduced to be selected. In a preferred
embodiment, the AAV-CRISPR enzyme is AAV-Cas9. In another aspect of the invention the
cell to be selected may be a eukaryotic cell. Aspects of the wnvention allow for selection of
specific cells without requiring a selection marker or a two-step process that may inchide a
counter-selection system. The cell(s) may be prokaryotic or eukaryotic cells.

{00159] With respect to mutations of the AAV-CRISPR enzyme, when the enzyme is not
SpCas9, mutations may be made at any or all residues corresponding to positions 10, 762, 840,
854, 863 and/or 986 of S5plasY (which may be ascertained for instance by standard sequence
comparison tools). In particular, any or all of the following mutations are preferred in SpCas9:
DIOA, E762A, HB40A, NBS4A, NBG3A and/or D986A; as well as conservative substitution for
any of the replacement amino acids is also envisaged. In an aspect the invention provides as to
any or each or all embodiments herein-discussed wherein the AAV-CRISPR enzyme comprises
at least one or more, or at least two or more mutations, wherein the at least one or more mutation
or the at least two or more mutations 1s as to D10, E762, H840, N854, N863, or D986 according
to SpClas® protein, e.g., DIC0A, E762A, HB40A, N854A, N8O3A and/or D980A as to SpCas9, or
N580 according to SaCas9, e.g., NSBOA as to SaCas9, or any corresponding mutation(s) in a
Cas9 of an ortholog to Sp or Sa, or the CRISPR enzyme comprises at least one mutation wherein
at least H840 or N863 A as to Sp Cas9 or NS80A as to Sa Cas? is mutated; e.g, wherein the
CRISPR. enzyme comprises H340A, or DI0A and H840A, or DIOA and NB63A, according to
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SpCas9 protein, or any corresponding mutation(s) in a Cas9 of an ortholog to Sp protein or Sa
protein.

{00160]  Aspects of the invention encompass a non-naturally occurning or engineered
composition that may comprise a gutde RNA (sgRNA) comprising a guide sequence capable of
hybridizing to a target sequence in a genomic locus of interest in a cell and a AAV-CRISPR
enzyme that may comprise at least one or more nuclear Jocalization sequences, wherein the
AAV-CRISPR enzyme comprises one of two or more mutations, such that the enzyme has
altered or diminished nuclease activity compared with the wild type enzyme, wherein at least one
foop of the sgRNA is modified by the insertion of distinct RNA sequence(s) that bind to one or
more adaptor proteins, and wherein the adaptor protein further recruits one or more heterologous
functional domains. In an embodiment of the invention the AAV-CRISPR enzyme comprises
one or two or more mutations in a residue selected from the group comprising, consisting
essentially of, or consisting of D10, E762, H840, N854, NE63, or D986, In a further embodiment
the AAV-CRISPR enzyme comprises one or two or more mutations selected from the group
comprising D10A, E762A, HR40A, NBS4A, NB63A or D986A. In another embodiment, the
functional domain comprise, consist essentially of a transcriptional activation domain, e.g.,
/P64, In another embodiment, the functional domain comprise, consist essentially of a
transcriptional repressor domain, e.g., KRAB domain, SID domain or a SID4X domain. In
embodiments of the invention, the one or more heterclogous functional domains have one or
more activities selected from the group comprising, counsisting essentially of, or consisting of
methylase activity, demethylase activity, transcription activation activity, franscription repression
activity, transcription release factor activity, histone modification activity, RNA cleavage
activity and nucleic acid binding activity. In further embodiments of the invention the cell 15 a
eukaryotic cell or a mammalian cell or a human cell. In further erbodiments, the adaptor protein
is selected trom the group comprising, consisting essentially of, or consisting of MS2, PP7, (B,
F2, GA, fr, JPS01, M12, R17, BZ13, JP34, JP500, KUT, M1, MX1, TW18§, VK, SP, FI, D2,
NLOS, TW19, AP20S, $Cb3, ¢Cb8r, ¢Cb12r, $Ch23r, 7s, PRR1. In anocther embodiment, the at
feast one loop of the sgRNA is tetraloop and/or loop2. An aspect of the invention encompasses
methods of modifying a genomic locus of interest to change gene expression in a cell by
introducing into the cell any of the compositions described herein. An aspect of the invention is

that the above elements are comprised in a single cormposition or comprised in individual
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compositions, e.g., the AAV-CRISPR enzyme delivers the enzyme as discussed as well as the
guide. These compositions may advantageously be applied to a host to elicit a functional effect
on the genomic level. In general, the sgRNA are modified in a manner that provides specific
binding sites {e.g., aptamers) for adapter proteins comprising one or more functional domains
{e.g., via fusion protein) to bind to. The modified sgRNA are modified such that once the sgRNA
forms a AAV-CRISPR complex (i.e. AAV-CRISPR enzyme binding to sgRNA and target) the
adapter proteins bind and, the functional domain on the adapter protein is positioned in a spatial
orientation which is advantageous for the attributed function to be effective. For example, if the
functional domain comprise, consist essentially of a transcription activator (e.g., VP04 or p65),
the transcription activator is placed in a spatial otientation which allows it to affect the
transcription of the target. Likewise, a transcription repressor will be advantageously positioned
to affect the transcription of the target and a nuclease {e.g., Fokl) will be advantageously
positioned to cleave or partially cleave the target. Again, the AAV-CRISPR enzyme can deliver
both the enzyme and the moditied guide. The skilled person will understand that moditications to
the sgRNA which allow for binding of the adapter + functional domain but wvot proper
positioning of the adapter + functional domain (e.g., due to steric hindrance within the three
dimensional structure of the CRISPR complex) are modifications which are vot intended. The
one or more modified sgRNA may be modified at the tetra loop, the stem loop 1, stem loop 2, or

sterm loop 3, as described herein, preferably at either the tetra loop or stem loop 2, and most

preferably at both the tetra loop and stem loop 2.

{00161] As explained herein the functional domains may be, for example, one or more
domains from the group comprising, consisting essentially of, or consisting of methylase
activity, demethylase activity, transcription activation activity, transcription repression activity,
transcription release factor activity, histone modification activity, RNA cleavage activity, DNA
cleavage activity, nucleic acid binding activity, and molecular switches (e.g., light inducible}. In
some cases it 18 advantageous that additionally at least one NLS is provided. In some instances, it
is advantageous to posttion the NLS at the N terminus. When more than one functional domain is
included, the functional domains may be the same or different.

{00162] The sgRNA may be designed to include multiple binding recognition sites (e.g,
aptamers} specific to the same or different adapter protein. The sgRNA may be designed to bind

to the promoter region ~1000 - +1 nucleic acids upstream of the transcription start site (J.e. TSK),
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preferably -200 nucleic acids. This positioning improves functional domains which affect gene
activation {e.g., transcription activators) or gene inhibition {e.g., transcription repressors). The
modified sgRNA may be one or more modified sgRNAs targeted to one or more target loci (e.g.,
at least T sgRINA, at least 2 sgRNA, at least 5 sgRNA, at least 10 sgRNA, at least 20 sgRNA, at
feast 30 sg RNA, at least 50 sgRNA) comprised in a composition.

{00163] Further, the AAV-CRISPR enzyme with diminished nuclease activity i3 most
effective when the nuclease activity is inactivated (e.g., nuclease inactivation of at least 70%, at
least B0%, at least 90%, at least 95%, at least 97%, or 100% as compared with the wild type
enzyme, or to put in another way, a AAV-Cas9 enzyme or AAV-CRISPR enzyme having
advantageousty about 0% of the nuclease activity of the non-mutated or wild type Cas9 enzyme
or CRISPR enzyme, or no more than about 3% or about 5% or about 10% of the nuclease
activity of the non-mutated or wild type Cas9 enzyme or CRISPR enzyme). This is possible by
introducing mutations into the RuvC and HNH nuclease domains of the SpCas9 and orthologs
thereof For example utilizing mutations in a residue selected from the group comprising,
consisting essentially of, or consisting of D10, E762, H840, N854, N&63, or D986 and more
preferably introducing one or more of the mutations selected from the group comprising,
consisting essentially of, or consisting of DI10A, E762A, HB40A, N854A, N863A or D986A. A
preferable pair of mutations is D10A with H840A, more preferable is DI10A with N8O3A of
SpCas9 and orthologs thereof. The inactivated CRISPR enzyme may have associated {e.g., via
fusion protein) one or more functional domains, e.g., at least one destabilizing domain; or, for
instance like those as described herein for the modified sgRNA adaptor proteins, including for
example, one or more domains from the group comprising, consisting essentially of, or
consisting of methylase activity, demethylase activity, transcription activation activity,
transcription  repression activity, transcription release factor activity, histone modification
activity, RINA cleavage activity, DNA cleavage activity, nucleic acid binding activity, and
molecular swiiches (e.g., light inducible}. Preferred domains are Fokl, VPo4, P6S, HSFI,
MyoP1. In the event that Fokl is provided, it is advantageous that multiple Fokl functional
domains are provided to allow for a functional dimer and that sgRNAs are designed to provide
proper spacing for functional use (Fokl) as specifically described in Tsai et al. Nature
Biotechnology, Vol. 32, Number 6, June 2014). The adaptor protein may utilize known linkers to

attach such functional domains. In some cases it 1s advantageous that additionally at least one
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NLS is provided. In some 1ustances, it 1s advantageous to position the NLS at the N terminus.
When more than one functional domain is included, the functional domains may be the same or
different. In general, the positioning of the one or more functional domain on the inactivated
AAV-CRISPR enzyme is one which allows for correct spatial orientation for the functional
domain to affect the target with the attributed functional effect. For example, if the functional
domatn 1s a transcription activator {e.g., VP64 or p65), the transcription activator is placed in a
spatial orientation which allows it to affect the transcription of the target. Likewise, a
transcription repressor will be advantageously positioned to atfect the transcription of the target,
and a nuclease {(e.g., Fokl) will be advantageously positioned to cleave or partially cleave the
target. This may include positions other than the N-/ C- terminus of the AAV-CRISPR enzyme.
Positioning the functional domain in the Recl domain, the Rec2 domain, the HNH domain, or
the PI domain of the SpCas9 protein or any ortholog corresponding to these domains is
advantageous; and again, it i3 mentioned that the functional domain can be a DD, Postiioning of
the functional domains to the Recl domain or the Rec? domain, of the SpCas9 protein or any
ortholog corresponding to these domains, in some instances may be preferred. Positioning of the
functional domains to the Recl domain at position 553, Recl domain at 575, the Rec2 domain at
any position of 175-306 or replacement thereof, the HNH domain at any position of 715-901 or
replacement thereof, or the PI domain at position 1153 of the SpCas9 protein or any ortholog
corresponding to these domains, in some instances may be preferred. Fokl functional domain
may be attached at the N terminus. When more than one functional domain is included, the
functional domains may be the same or different.

{00164] An adaptor protein may be anv number of proteins that binds to an aptamer or
recognition site introduced into the modified sgRNA and which allows proper positioning of one
or more functional domains, once the sgRNA has been incorporated into the AAV-CRISPR
complex, to affect the target with the atiributed function. As explained in detail in this
application such may be coat proteins, preferably bacteriophage coat proteins. The functional
domains associated with such adaptor proteins {(e.g., in the form of fusion protein) may include,
for example, one or more domains from the group comprising, consisting essentially of, or
counsisting of methylase activity, demethylase activity, transcription activation activity,
transcription repression activity, transcription release factor activity, histone modification

activity, RNA cleavage activity, DNA cleavage activity, nucleic acid binding activity, and
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molecular switches (e.g., light inducible). Preferred domains are Fokl, VP64, P65, HSFI,
MyoD} 1. In the event that the functional domain is a transcription activator or transcription
repressor it 18 advantageous that additionally at least an NLS is provided and preferably at the N
terminus. When more than one functional domain is included, the functional domains may be the
same or different. The adaptor protein may utilize known linkers to attach such functional
domains. Such linkers may be used to associate the AAVY (e.g, capsid or VP2Z) with the CRISPR
enzyme or have the CRISPR enzyme comprise the AAV (or vice versa).

[00165] Thus, sgRNA, e.g., modified sgRNA, the inactivated AAV-CRISPR enzyme (with or
without functional domains), and the binding protein with one or more functional domains, may
each individually be comprised in a composition and administered to a host individually or
collectively. Alternatively, these components may be provided in a single composition for
adnunistration to a host, e.g, the AAV-CRISPR enzyme can deliver the RNA or guide or
sgRNA or modified sgRNA and/or other components of the CRISPR system. Administration to a
host may be performed via viral vectors, advantageously using the AAV-CRISPR enzyme as the
delivery vehicle, although other vehicles can be used to deliver components other than the
enzyme of the CRISPR system, and such viral vectors can be, for example, lentiviral vector,
adenoviral vector, AAV vector. Several variations are appropriate to elicit a genomic locus
event, including DNA cleavage, gene activation, or gene deactivation. Using the provided
compositions, the person skilled in the art can advantageously and specifically target single or
multiple loci with the same or different functional domains to elicit one or more genomic locus
events. The compositions may be applied in a wide variety of methods for screening in libraries
in cells and functional modeling in vivo (e.g., gene activation of lincRNA and identification of
function; gain-of-function modeling; loss-of-function modeling; the use the compositions of the
invention to establish cell lines and transgenic animals for optimization and screening purposes).
i80166] In an aspect, the invention provides a particle delivery system or the delivery system
or the virus particle of any one of any one of the above embodiments or the cell of any one of the
above embodiments for use in medicine or in therapy, or for use tn a method of modifying an
organism or a non-human organism by manipulation of a target sequence in a genomic locus
associated with a disease or disorder; or for use in a method of treating or inhibiting a condition

caused by one or more mutations in a genetic locus associated with a disease in a eukaryotic
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organism or a non-human organism.; or for use in in Vitro, eX Vivo Or in vivo gene of genome
editing; or for use in in vitre, €x Vivo or in vivo gene therapy.
{00167] In an aspect, the invention provides a pharmaceutical composition comprising the
particle delivery system or the delivery system or the virus particle of any one of the above
embodiment or the cell of any one of the above embodiment.
{00168] In an aspect, the invention provides a method of treating or inhibiting a condition or a
disease caused by one or more mutations in a genomic locus in a eukaryotic organism or a non-
human organism comprising manipulation of a target sequence within a coding, non-coding or
regulatory element of said genomic locus in a target sequence in a subject or a non-human
subject 1o need thereof comprising modifying the subject or a non-human subject by
manipulation of the target sequence and wherein the condition or disease is susceptible to
treatment or inhibition by manipulation of the target sequence comprising providing treatment
comprising delivering a composition comprising the particle delivery system or the delivery
system or the virus particle of any one of the above embodiment or the cell of any one of the
above embodiment.
{80169] In an aspect, the invention provides use of the particle delivery system or the delivery
systerm or the virus particle of any one of the above embodiment or the cell of any one of the
above embodiment in ex vivo of in vivo gene or genome editing; or for use in in vitro, ex vivo or
in vivo gene therapy.
{00178] In an aspect, the invention provides use of the particle delivery system or the delivery
system or the virus particle of any one of the above embodiment or the cell of any one of the
above embodiment in the manufacture of a medicament for in vitro, ex vivo or in vivo gene or
genome editing or for use in in vitro, €xX vivo of in vivo gene therapy or for use in a method of
modifying an organism or a non-human organism by roanipulation of a target sequence in a
genomic locus associated with a disease or in a method of treating or inhibiting a condition or
disease caused by one or more mutations in a genomic locus in a eukaryotic organism or a non-
human organism.
{00171] In an aspect, the invention provides a method of individualized or personalized
treatment of a genetic disease in a subject in need of such treatment comprising;

(a) introducing one or more mutations ex vivo in a tissue, organ or a cell line, or in vivo

in a transgenic non-human mammal, comprising delivering to cell(s) of the tissue, organ,
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cell or mammal a composition comprising the particle delivery systern or the delivery

system or the virus particle of any one of the above embodiment or the cell of any one of

the above embodiment, wherein the specific mutations or precise sequence substitutions

are or have been correlated to the genetic disease;

(b} testing treatment(s) for the genetic disease on the cells to which the vector has been

delivered that have the specific mutations or precise sequence substitutions correlated to

the genetic disease; and

(¢} treating the subject based on results from the testing of treatment(s) of step (b).
{060172] In an aspect, the invention provides a method of modeling a disease associated with a
genomic locus 1n a eukaryotic organism or a non-human organism comprising mampulation of a
target sequence within a coding, non-coding or regulatory element of said genomic locus
comprising delivering a non- naturally occurring or engineered composition comprising a viral
vector sysiem comprising one or more viral vectors operably encoding a composition for
expression thereof, wherein the composition comprises particle delivery system or the delivery
system or the virus particle of any one of the above embodiments or the cell of any one of the
above embodiment.
{00173] Io an aspect, the method provides a method of modifying an organism or a non-
human organism by manipulation of a target sequence in a genomic locus of interest comprising
administering a composition comprising the particle delivery system or the delivery system or
the virus particle of any one of the above embodiment or the cell of any one of the above
embodiment.
{00174]  Accordingly, it is an object of the invention not to encompass within the invention
any previcusly known product, process of making the product, or method of using the product
such that Applicants reserve the right and hereby disclose a disclaimer of any previously known
product, process, or method. It is further noted that the invention does not intend to encompass
within the scope of the invention any product, process, or making of the product or method of
using the product, which does not meet the written description and enablement requirements of
the USPTO (35 U.S.C. §112, first paragraph) or the EPO (Article 83 of the EPC), such that
Applicants reserve the right and hereby disclose a disclaimer of any previously described

product, process of making the product, or method of using the product. It may be advantageous
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in the practice of the invention to be in compliance with Art. 53{c) EPC and Rule 28(b) and (¢}
EPC. Nothing herein is to be construed as a promise.

{00175] It 1s noted that in this disclosure and particularly in the claims and/or paragraphs,
terms such as "comprises”, "comprised", "comprising” and the hike can have the meaning
attributed to it in U.S. Patent law; e g, they can mean "includes”, "included", "including", and
the like; and that terms such as "consisting essentially of" and "consists essentially of" have the
meaning ascribed to them in U.S. Patent law, e.g., they allow for elements not explicitly recited,
but exclude elements that are found in the prior art or that affect a basic or novel characteristic of
the invention,

{60176] As used herein, “enzyme” comprises active enzyme as well as inactive or dead
enzyme.

{00177]  Asused herein, “enzyme” and “protein” are used interchangeably.

{00178] These and other embodiments are disclosed or are obvious from and encompassed by,

the following Detailed Description.
BRIEF DESCRIPTION OF THE DRAWINGS

{00179] The patent or application file contains at least one drawing executed in color. Copies
of this patent or patent application publication with color drawing(s) will be provided by the
Office upon request and payment of the necessary fee.

{00180] Figure 1 shows illusirations of AAV-CRISPR protein of the invention, wherein Cas9
protein is fused or tethered to VP3, for example at the N-termuinus of VP3. Cas9 is attached to
some, but not all VP3 subunits to avoid steric blocking of cell entry sites on AAV surface. In the
AAVO.Cas9 vector, a Cas9 protein fused or tethered to the C-term of VPI, VP2 or VP3 is
depicted.

{00181] Figure ZA-2B shows a Western blot confirming expression of Cas9-VP3 fusion
proteins in cells transfected with plasmids encoding for Cas9 and Cas9-VP3 fusions
{AAVCas9wt 1:6). (A) Left panel: SYPRO Ruby protein staining of fractions from
AAVCas9wt 1:6. Right panel: Anti-SpCas9 blotting of fractions from AAVCas9wt 1:6. (B)
Left panel: SYPRO Ruby protein staining of fractions from wtAAV9. Right panel. Anti-SpCas9

blotting of fractions from WtAAV9.
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{00182] Figure 3 illustrates exterior loops and interior sites in AAV9 VP3 for protein
insertion.

{00183] Figure 4 depicts electron micrography of wtAAV. Dark particle centers indication
empty particles.

{00184] Figure S depicts electron micrography of AAV.Cas9 virus particles comprising
SOWtAAV I 1I0AAVCash.

{60185] Figure 6 depicts electron micrography of AAV.Cas® virus particles comprising
30WtAAV 30AAVCas9.

{00186] Figure 7TA-TB depicts sortase-mediated protein linkage. {A) schematic of proteins
anchored to a cell wall via sortase in Gram-positive bacteria 1s shown (see, Guimares, et al., Nat.
Prot. 2013). (B) linkage of Cas% to AAY by TEV-sortase method. CRISPR protein modified at
its C terminus with the LPXTG sortase-recognition motif followed by a handle for purification
{often Hisg) 1s incubated with sortase A, Sortase cleaves the threonine-glycine bond and forms
an acyl intermediate with threonine. Addition of TEV-cleaved AAY (“probe”) comprising N-
terminal glycine residues ligates the AAV to the C terminus of the CRISPR protein (see,
Guimares, et al , Nat. Prot. 2013}

{00187] Figure 8 depicts linkage of Cas9 to AAV by split intein reconstitution.

{00188] Figure 9A-9B shows interior packaging of proteins:

Packaging A00G0 YP3 only loop3 Cre 1:10
Packaging A006] YP3 only loop3 Cre 1:1
Packaging A0062 YP3 only loop3 Cas® 1:10
Packaging A00G3 VP3 only loop3 Cas9 1:1
Packaging A00G4 /P3 only loop4 Cre 1:10
Packaging A00GS VP3 only loopd Cre 1:1
AD068 VEVG Cas9 gesicle
AD069 VSVG Cre gesicle
AD070 RVG Cas9 gesicle
ADOT1 RVG Cre gesicle
Packaging AG072 AAVY loop6d (Hisi6 1:10
Packaging ACO73 AAVY loop6d (Hisi6 1:1
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Packaging A0074 YP3 only loopd Cas9 1:10
Packaging AD075 YP3 only loopd Cas9 1:1
A0084 YSVG-CRE

AO08S DNase treatment

AD086 (+G -S)

AD087 (-G +8)

{60189] Figure 10 shows Interior SunTag-GFP. Western blots detect VP3 (top left) and GFP
{(bottom left) for native VP3 and VP3-GFP fusion. Electron micrographs show GFP-filled capsid
(103).

{00190] Figure 11 depicts Vesicular stomatitis virus (VSV) and Rabies virus (RV) sources of
packaging vesicles.

{00191] Figure 12 shows a schematic for transduction of cells with lentiviral vectors packaged
in vesicular stomatitis virus-G (VSVG) vesicles. (Cronin et al,, Curr Gene Ther. 5(4).387-398
(2005)).

{00192]  Figure 13 depicts infection of TER19 cells with VSVG and RVG vesicles harboring
Cas% and sgRNA inducing frameshift mutations to allow mCherry expression. {Cas9 RNP
vesicles were synthesized by contransfection of VSVG (or RVG) with eSpCas9(1.1) and GFPg2
plasmid.

{00193] Figure 14 depicts AAV/Lipid complexes with TEM imaging.

{00194] Figure 15 depicts AAV particles adhered to lipid particles to form AAV/Lipid
complexes with TEM imaging.

{00193] Figure 16A-16B shows hybrid AAV-lipid particles mediate greater protein delivery in
vitro compared to lipid nanoparticles. {A) Fluorescent imaging of DsRed+ cells. Successful
delivery of CRE protein turns a cell DsRed+. (B} Quantification of DsRed+ cells by FACS
analysis.

{00196] Figure 17A-17B shows administration of luciferase AAVZ / lipid complexes. Fig.
17A: exemplary chemical structures of amines and acrylates of lipids of the invention. Fig. 178:
luciferase expression in the indicated organs 10 days after administration of a luciferase AAV2
vector alone or formulated with lipid 306-016B-3 in the following amounts: Group 1: 2.9 x 10"

AAV, 10 ug lipid; Group 2: 2.9 x 10" AAV, 50 ug lipid; Group 3: 2.9 x 10" AAV, 100 ug lipid.
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{00197] Figure 18A-18E shows luciferase expression detected in mice. Fig. 18A-B:
Luciferase AAV vector administerd alone or formulated with lipid 306F, lipid 8OF, or lipid 93F.
Fig. 18C: Structures of hipids 306F, 80F and 93F, Fig. 18D: Luciferase activity quantified in vivo
by IVIS; Fig 18E: Kinetics of AAY mediated huciferase expression.

{00198] The following detailed description, given by way of example, but not intended to
limit the nvention solely to the specific embodiments described, may best be understood in

conjunction with the accompanying drawings.
DETAILED DESCRIPTION OF THE INVENTION

{60199] In certain embodiments, the CRISPR system is derived advantageously from a type U
CRISPR system:. In some embodiments, one or more elements of a CRISPR system is derived
from a particular organism comprising an endogenous CRISPR system, such as Strepfococcus
pyogenes. In preferred embodiments of the invention, the CRISPR system is a type II CRISPR
system and the Cas enzyme 1s Cas9, which catalyzes DNA cleavage. Non-limiting examples of
Cas proteins include Casl, CaslB, Cas2, Cas3, Cas4, CasS, Cas6, Cas7, Cas®, Cas9 (also known
as Csnl and Csx12), Casi0, Csyl, Csy2, Csy3, Csel, Cse2, Cscl, CUscZ, Csas, Csn2, Csm?2,
Csm3, Csmd, Csm3, Csmo, Cmrl, Cmi3, Cmrd, Cmr5, Cmr6, Csbl, Csb2, Csb3, Csx17, Cax 14,
Csx10, Csx16, CsaX, Csx3, Csxl, Csx15, Csfl, Csf2, Csf3, Csf4, homologues thereof, or
modified versions thereof.

{00200] In some embodiments, the unmodified CRISPR enzyme has BNA cleavage activity,
such as Cas9. In some embodiments, the CRISPR enzyme directs cleavage of one or both
strands at the location of a target sequence, such as within the target sequence and/or within the
complement of the target sequence. In some embodiments, the CRISPR enzyme directs cleavage
of one or both strands within about 1, 2, 3, 4, 5,6, 7, 8, 9, 10, 15, 20, 25, 50, 100, 200, 500, or
more base pairs from the first or last nuclectide of a target sequence. In some embodiments, a
vector encodes a CRISPR enzyme that 13 mutated to with respect to a corresponding wild-type
enzyme such that the mutated CRISPR enzyme lacks the ability to cleave one or both strands of
a target polynucleotide containing a target sequence. For example, an aspartate-to-alanine
substitution (ID10A) in the RuvC [ catalytic domain of Cas9® from S. pyvogenes converts Cas9
from a nuclease that cleaves both strands to a nickase (cleaves a single strand). Other examples

of mutations that render Cas9 a nickase include, without limitation, HB40A, N&534 A, and N863A.



WO 2018/191750 PCT/US2018/027793

As a further example, two or more catalytic domains of Cas® (RuvC I, RuvC I, and RuvC HI or
the HNH domain} may be mutated to produce a mutated Cas9 substantially lacking all DNA
cleavage activity. In some embodiments, a DIOA mutation is combined with one or more of
HB40A, NBS4A, or NB63A mutations to produce a Cas9 enzyme substantially lacking all BNA
cleavage activity. In some embodiments, a CRISPR enzyme 1s considered to substantially lack
all DNA cleavage activity when the DNA cleavage activity of the mutated enzyme is about no
more than 25%, 10%, 5%, 1%, 0.1%, 0.01%, or less of the DNA cleavage activity of the non-
mutated form of the enzyme; an example can be when the DNA cleavage activity of the mutated
form is nil or negligible as compared with the non-mutated form. Where the enzyme is not
SpCas9, mutations may be made at any or all residues corresponding to positions 10, 762, 840,
854, 863 and/or 986 of S5pasY (which may be ascertained for instance by standard sequence
comparison tools). In particular, any or all of the following mutations are preferred in SpCas9:
DIOA, E762A, HB40A, NBS4A, NBG3A and/or D986A; as well as conservative substitution for
any of the replacement amino acids 1s also envisaged. The same (or conservative substitutions of
these mutations) at corresponding positions in other Cas9s are also preferred.  Particularly
preferred are D10 and H840 in Splas9. However, in other Cas9s, residues corresponding to
SpCas9 D10 and HB40 are also preferred. Orthologs of $SpCas9 can be used in the practice of the
invention. A Cas enzyme may be identified Cas? as this can refer to the general class of enzymes
that share homology to the biggest nuclease with multiple nuclease domains from the type 1L
CRISPR system. Most preferably, the Cas9 enzyme is from, or is derived from, spCas® (&.
pyogenes Cas?) or saCas9 (S awrens Cas9). StCas?” refers to wild type Cas9 from S.
thermophilus, the protein sequence of which is given in the SwissProt database under accession
number G3ECRI1. Similarly, S pyogenes Cas9 or spCas9 is included in SwissProt under
accession number Q99ZW2. By derived, Applicants mean that the derived enzyme is largely
based, in the sense of having a high degree of sequence homology with, a wildtype enzyme, but
that 1t has been mutated (modified) in some way as described herein. It will be appreciated that
the terms Cas and CRISPR enzyme are generally used heretn interchangeably, unless otherwise
apparent. As mentioned above, many of the residue numberings used herein refer to the Cas9
enzyme from the type II CRISPR locus in Strepfococcus pyogenes. However, it will be
appreciated that this invention includes many more Cas9s from other species of microbes, such

as SpCas9, SaCa®, StCas9 and so forth. Enzymatic action by Cas9 denived from Strepiococcus
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pyvogenes or any closely related Cas9 generates double stranded breaks at target site sequences
which hybridize to 20 nucleotides of the guide sequence and that have a protospacer-adjacent
motif (PAM) sequence (examples include NGG/NRG or a PAM that can be determined as
described herein) following the 20 nucleotides of the target sequence. CRISPR activity through
Cas9 for site-specific DNA recognition and cleavage is defined by the guide sequence, the tracr
sequence that hybridizes in part to the guide sequence and the PAM sequence. More aspects of
the CRISPR system are described in Karginov and Hannon, The CRISPR system: small RNA-
guided defence in bacteria and archaea, Mole Cell 2010, January 15; 37(1) 7. The type I
CRISPR locus from Streptococcus pyogenes SF370, which contains a cluster of four genes Cas9,
Casl, Cas2, and Csnl, as well as two non-coding RNA elements, tractRNA and a characteristic
array of repetitive sequences (direct repeats) interspaced by short stretches of non-repetitive
sequences (spacers, about 30bp each). In this system, targeted DNA double-strand break (DSB)
is generated tn four sequential steps. First, two non-coding RNAs, the pre-crRNA array and
tracrRNA, are transcribed from the CRISPR locus. Second, tractRNA hybridizes to the direct
repeats of pre-crRNA, which is then processed into mature crRNAs contatning individual spacer
sequences. Third, the mature crRNA:tractRNA complex directs Cas9 to the DNA target
comprising, consisting essentially of, or consisting of the protospacer and the corresponding
PAM via heteroduplex formation between the spacer region of the crRNA and the protospacer
DNA. Finally, CasY mediates cleavage of target DNA upstream of PAM to create a DSB within
the protospacer. A pre-ctRNA array comprising, consisting essentially of, or consisting of a
single spacer flanked by two direct repeats (DRs) is also encompassed by the term “tracr-mate
sequences”). In certain embodiments, Cas® may be constitutively present or tnducibly present or
conditionally present or administered or delivered. Cas® optimization may be used to enhance
function or to develop new functions, one can generate chimeric Cas9 proteins. And Cas9® may
be used as a generic DNA binding protein.

{060201] In an advantageous embodiment, the present invention encompasses effector proteins
identifted in a Type V CRISPR-Cas loci, e.g. a Cpfl- encoding loci denoted as subtype V-A.
Presently, the subtype V-A loct encompasses casl, cas2, a distinct gene denoted ¢pf! and a
CRISPR array. Cptf1(CRISPR-associated protein Cpfl, subtype PREFRAN} s a large protein
{about 1300 amino acids) that contains a Ruv(C-like nuclease domain homologous to the

corresponding domatn of Cas9 along with a counterpart to the characteristic arginine-rich cluster
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of Cas9. However, Cpfl lacks the HNH nuclease domain that is present in all Cas9 proteins, and
the RuvC-like domain is contiguous in the Cptl sequence, in contrast to Cas9 where it contains
long inserts including the HNH domain. Accordingly, in particular embodiments, the CRISPR-
Cas enzyme comprises only a Ruv{-like nuclease domain.

{00202] The Cpfl gene is found in several diverse bacterial genomes, typically in the same
focus with casl, cas?, and casd4 genes and a CRISPR cassetie (for example, FNFX1 1431-
FNFX1 1428 of Francisella cf . novicida Fx1}. Thus, the layout of this novel CRISPR-Cas
systern appears to be similar to that of type H-B. Furthermore, similar to Cas9, the Cpfl protein
contains a readily identifiable C-terminal region that is homologous to the transposon ORF-B
and includes an active RuvC-like nuclease, an arginine-rich region, and a Zu finger (absent n
Cas9). However, unlike Cas9, Cpfl is also present in several genomes without a CRISPR-Cas
context and its relatively high similarity with ORF-B suggests that it might be a transposon
component. It was suggested that if this was a genuine CRISPR-Cas system and Cpfl is a
functional analog of Cas9 it would be a novel CRISPR-Cas type, namely type V (See Annotation
and Classification of CRISPR-Cas Systems. Makarova K5, Koonin EV. Methods Mol Biol.
2015;1311:47-75). However, as described herein, Cpfl is denoted to be in subtype V-A to
distinguish 1t from CZclp which does not have an identical domain structure and is hence
denocted to be in subtype V-B.

{00203] The nucleic acid-targeting system may be derived advantageously from a Type VI
CRISPR system. In some embodiments, one or more elements of a nucleic acid-targeting system
is derived from a particular organism comprising an endogenous RNA-targeting system. In
particular embodiments, the Type VI RNA-targeting Cas enzyme is C2¢2. In an embodiment of
the invention, there is provided a effector protein which comprises an amino acid sequence
having at least 80% sequence homology to the wild-type sequence of any of Leplotrichia shahii
C2c2, Lacimospiraceae bacterium MA2020 C2¢2, Lachnospiraceae bacterium NK4A179 C2c2,
Clostridium aminophilum (DSM 10710) C2¢2, Carnobacierivm gallinarum (DSM 4847) C2¢2,
Paludibacter propionicigenes (WB4) C2c2, Listeria weihenstephanensis (FSL R9-0317) C2c2,
Listeriaceae bacteriurn (FSL Mo6-0635) C2¢2, Listeria newyorkensis (FSL M6-0635) C2¢2,
Leptotrichia wadei (F0279y C2c2, Rhodobacter capsulotus (SB 1003} C2¢2, Rhodobacter
capsulatus (R121) C2¢2, Rhodobacter capsulatus (DEA442) Clc2, Leptotrichia wadei (Lw2)

C2¢2, or Listeria seeligeri C2c2.
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{00204] In an embodiment of the invention, the effector protein comprises at least one HEPN
domain, including but not limited to HEPN domains described herein, HEPN domains known in
the art, and domains recognized to he HEPN domains by comparison to consensus sequences and
motifs,

Delivery senerally

{80205]  Vector delivery, e.g., plasmid, viral delivery: The CRISPR enzyme, for instance a
(Cas9, and/or any of the present RNAs, for instance a guide RNA, can be delivered using any
suitable vector, e.g., plasmid or viral vectors, such as adeno associated virus {AAV), lentivirus,
adenovirus or other viral vector types, or combinations thereof. (Cas9 and one or more guide
RNAs can be packaged into one or more vectors, e.g., plasnud or viral vectors. In some
embodiments, the vector, e.g., plasmid or viral vector 15 delivered to the tissue of interest by, for
example, an intramuscular injection, while other times the delivery is via intravenous,
transdermal, intranasal, oral, mucosal, or other delivery methods. Such delivery may be either
via a single dose, or multiple doses. One skilled in the art understands that the actual dosage to
be delivered herein may vary greatly depending upon a variety of factors, such as the vector
choice, the target cell, organism, or tissue, the general condition of the subject to be treated, the
degree of transformation/modification sought, the administration route, the administration mode,
the type of transformation/modification sought, etc.

i80206] Such a dosage may further contain, for example, a carrier {water, saline, ethanol,
glyeerol, lactose, sucrose, calcium phosphate, gelatin, dextran, agar, pectin, peanut oil, sesame
oil, etc.), a diluent, a pharmaceutically-acceptable carrier {e.g., phosphate-buffered saline}, a
pharmaceutically-acceptable excipient, and/or other compounds known in the art. The dosage
may further contain one or more pharmaceutically acceptable salis such as, for example, a
mineral acid salt such as a hydrochloride, a hydrobromide, a phosphate, a sulfate, etc.; and the
salts of organic acids such as acetates, propionates, malonates, benzoates, etc.  Additionally,
auxiliary substances, such as wetting or emulsifying agents, pH buffering substances, gels or
gelling materials, flavorings, colorants, microspheres, polymers, suspension agents, etc. may also
be present herein. In addition, one or more other conventional pharmaceutical ingredients, such
as preservatives, humectants, suspending agents, surfactants, antioxidants, anticaking agents,
fillers, chelating agents, coating agents, chemical stabilizers, etc. may also be present, especially

it the dosage form is a reconstitutable form. Suitable exemplary ingredients include
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microcrystalline cellulose, carboxymethyleeltulose sodium, polysorbate 80, phenylethyl alcohol,
chlorobutanol, potassium sorbate, sorbic acid, sulfur dioxide, propyl gallate, the parabens, ethyl
vanillin, glycerin, phenol, parachlorophenol, gelatin, albumin and a combination thereof. A
thorough discussion of pharmaceutically acceptable excipients is available in REMINGTON-8
PHARMACEUTICAL SCIENCES (Mack Pub. Co, NJ. 1991) which is incorporated by
reference herein,

i802¢7] In an embodiment herein the delivery is via an adenovirus, which may be at a single
booster dose containing at least 1 x 10° particles (also referred to as particle units, pu) of
adenoviral vector. In an embodiment herein, the dose preferably is at least about 1 x 10°
particles (for example, about 1 x 10°-1 x 10" particles), more preferably at least about 1 x 107
particles, more preferably at least about 1 x 10° particles (e.g., about 1 x 10%-1 x 10" particles or
about 1 x 10°1 x 10" particles), and most preferably at least about 1 x 10" particles (e.g., about
1 x 10°-1 x 10" particles or about 1 x 10°-1 x 10" particles), or even at least about 1 x 10
particles (e.g., about 1 x 10'°-1 x 10" particles) of the adenoviral vector. Alternatively, the dose
comprises no more than about 1 x 10" particles, preferably no more than about 1 x 10"
particles, even more preferably no more than about 1 x 10" particles, even more preferably no
more than about 1 x 10" particles, and most preferably no more than about 1 x 10" particles
{e.z., no more than about 1 x 10° articles). Thus, the dose may contain a single dose of
adenoviral vector with, for example, about 1 x 10° particle units (pu), about 2 x 10° pu, about 4 x
10° pu, about 1 x 107 pu, about 2 x 10" pu, about 4 x 107 pu, about 1 x 10 pu, about 2 x 10° pu,
about 4 x 10° pu, about 1 x 10° pu, about 2 x 10” pu, about 4 x 10” pu, about 1 x 10" pu. about 2
x 10" pu, about 4 x 10" pu, about 1 x 10" pu, about 2 x 10" pu, about 4 x 16" pu, about 1 x
10" pu, about 2 x 10" pu, or about 4 x 10" pu of adenoviral vector. See, for example, the
adenoviral vectors in U.S. Patent No. 8,454,972 B2 to Nabel, et al., granted on June 4, 2013;
incorporated by reference herein, and the dosages at col 29, lines 36-58 thereof. In an
embodiment herein, the adenovirus 15 delivered via multiple doses.

{60208] In an embodiment herein, the delivery is via an AAV. A therapeutically effective
dosage for in vive delivery of the AAVY to a human is believed to be in the range of from about
20 to about 50 ml of saline solution containing from about 1 x 10" to about 1 x 10" functional
AAV/ml solution. The dosage may be adjusted to balance the therapeutic benefit against any side

effects. In an erobodirnent herein, the AAV dose is generally in the range of concentrations of
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from about 1 x 10”7 to 1 x 10°° genomes AAV, from about 1 x 10°% to 1 x 10™ genomes AAV,
from about 1 x 10" to about 1 x 10'° genomes, or about 1 x 10" to about 1 x 10" genomes
AAV. A human dosage may be about | x 10" genomes AAV. Such concentrations may be
delivered in from about 0.001 ml to about 100 mi, about 0.05 to about 50 mli, or about 10 to
about 25 ml of a carrier solution. Other effective dosages can be readily established by one of
ordinary skill in the art through routine trials establishing dose response curves. See, for
example, U.8. Patent No. 8,404,658 B2 to Hajjar, et al., granted on March 26, 2013, at col. 27,
lines 45-60.

{060209] In an embodiment herein the delivery is via a plasmid. In such plasmid compositions,
the dosage should be a sufficient amount of plasmid to elicit a response. For instance, suttable
quantities of plasmid DNA in plasmid compositions can be from about 0.1 to about 2 mg, or
from about 1 pg to about 10 pg per 70 kg individual. Plasmids of the invention will generally
comprise {1} a promoter; (11} a sequence encoding a CRISPR enzyme, operably linked to said
promoter; (i1} a selectable marker; (iv) an origin of replication; and {v) a transcription terminator
dowustream of and operably hinked to (31). The plasmid can also encode the RNA components of
a CRISPR complex, but one or more of these may instead be encoded on a different vector.
{00216] The doses herein are based on an average 70 kg individual. The frequency of
administration is within the ambit of the medical or veterinary practitioner (e.g., physician,
veterinarian), or scientist skilled in the art. It 1s also noted that mice used in experiments are
typically about 20g and from mice experiments one can scale up to a 70 kg individual.

{00211] In some embodiments the RNA molecules of the invention are delivered in liposome
or lipotectin formulations and the like and can be prepared by methods well known to those
skilled in the art. Such methods are described, for example, in U.S Pat Nos. 5,593,972,
5,589,466, and 5,580,859, which are herein incorporated by reference. Delivery systems aimed
specifically at the enhanced and improved delivery of siRNA into mammalian cells have been
developed, (see, for example, Shen et al FEBS Let. 2003, 539:111-114; Xia et al., Nat. Biotech.
2002, 20:1006-1010; Reich et al., Mol Vision. 2003, 9: 210-216; Sorensen et al |, J. Mol Biol
2003, 327 761-766; Lewis et al, Nat. Gen. 2002, 32: 107-108 and Simeon et al., NAR 2003,
31, 11 2717-2724) and may be applied to the present inveuntion. siRNA has recently been
successfully used for inhibition of gene expression in primates (see for example. Tolentino et al.,

Retina 24(4).660 which may also be applied to the present invention.
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{80212] Indeed, RNA delivery 1s a useful method of in vivo delivery. It 1s possible to deliver
Cas? and gRNA (and, for instance, HR repair template) into cells using liposomes or particles.
Thus delivery of the CRISPR enzyme, such as a Cas9 and/or delivery of the RNAs of the
invention may be in RNA form and via microvesicles, liposomes or particles. For example, Cas9
mRNA and gRNA can be packaged into liposomal particles for delivery in vive Liposomal
transfection reagents such as lipofectamine from Life Technologies and other reagents on the
market can effectively deliver RNA molecules into the liver.

[00213] Means of delivery of RNA also preferred include delivery of RNA via particles (Cho,
S., Goldberg, M, Son, 8§, Xu, Q. Yang, F., Mei, Y., Bogatyrev, S, Langer, R. and Anderson,
D, Lipid-like nanoparticles for small interfering RNA delivery to endothelial cells, Advanced
Functional Materials, 19: 3112-3118, 2010} or exosomes (Schroeder, A, Levins, ., Cortez, C,,
Langer, R, and Anderson, D, Lipid-based nanotherapeutics for siRNA delivery, Journal of
Internal Medicine, 267: 9-21, 2010, PMID: 20059641). Indeed, exosomes have been shown to be
particularly useful in delivery siRNA, a system with some parallels to the CRISPR system. For
instance, El-Andalousst S, et al. (“Exosome-mediated delivery of siRNA in vitro and in vivo.”
Nat Protoc. 2012 Dec;7(12):2112-26. doi: 10.1038/nprot. 2012.131. Epub 2012 Nov 15.) describe
how exosomes are promising tools for drug delivery across different biological barriers and can
be harnessed for delivery of siRNA in vitro and in vivo. Their approach is to generate targeted
exosomes through transfection of an expression vector, comprising an exosomal protein fused
with a peptide ligand. The exosomes are then purity and characterized from transfected cell
supernatant, then RNA is loaded into the exosomes. Delivery or administration according to the
invention can be performed with exosomes, in particular but not limited to the brain. Vitamin E
{a-tocopherol} may be conjugated with CRISPR Cas and delivered to the brain along with high
density lipoprotein (HDL), for example o a similar manoer as was done by Uno et al. (HUMAN
GENE THERAPY 22:711-719 (June 2011}) for delivering short-interfering RNA (siRNA} to the
brain. Mice were infused via Osmotic minipumps (model 1007D; Alzet, Cupertino, CA) filled
with phosphate-buffered saline (PBX) or free TocsiBACE or Toc-siBACE/HDL and connected
with Brain Infusion Kit 3 (Alzet). A brain-infusion cannula was placed about 0.5mm posterior to
the bregma at midline for infusion into the dorsal third ventricle. Uno et al. found that as litile as
3 nmol of Toc-siRNA with HDL could induce a target reduction in comparable degree by the

same ICV infusion method. A similar dosage of CRISPR Cas conjugated to a-~tocopherol and co-
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administered with HDL targeted to the brain may be conternplated for humans in the present
invention, for example, about 3 nmol to about 3 pmol of CRISPR Cas targeted to the brain may
be contemplated. Zou et al. (HUMAN GENE THERAPY 22:465-475 (April 2011)) describes a
method of lentiviral-mediated delivery of short-hairpin RNAs targeting PRKCvy for in vivo gene
silencing in the spinal cord of rats. Zou et al. administered about 10 ul of a recombinant
lentivirus having a titer of 1 x 10 transducing units (TUYml by an intrathecal catheter. A similar
dosage of CRISPR Cas expressed in a lentiviral vector targeted to the brain may be contemplated
for humans in the present invention, for example, about 10-50 ml of CRISPR Cas targeted to the
brain in a lentivirus having a titer of 1 x 10’ transducing units (TUYm! may be contemplated.
{00214] Anderson ef of. (US 20170079916 provides a modified dendrimer nanoparticle for
the delivery of therapeutic, prophylactic and/or diagnostic agents to a subject, comprising: ong or
more zero to seven generation alkylated dendrimers; one or more amphiphilic polymers; and one
or more therapeutic, prophvlactic and/or diagnostic agents encapsulated therein. One alkylated
dendrimer may be selected from the group consisting of poly(ethyleneimine),
poly{polyproylenimine), diaminobutane amine polypropylenimine tetramine and poly(amido
amine). The therapeutic, prophylactic and diagnostic agent may be selected from the group
consisting of proteins, peptides, carbohydrates, nucleic acids, lipids, small molecules and
combinations thereof.

{60215] Anderson er gl (US 20160367680) provides a compound of Formula (1)
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{60217]  and salts thereof, wherein each instance of R ¥ is independently optionally substituted
Ce-Cap alkenyl, and a composition for the delivery of an agent to a subject or cell comprising the
compound , or a salt thereof; an agent; and optionally, an excipient. The agent may be an organic
molecule, imorganic molecule, nucleic acid, protein, peptide, polynucleotide, targeting agent, an

isotopically labeled chemical compound, vaccine, an immunological agent, or an agent useful in
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bioprocessing. The composition may further coroprise cholesterol, a PEGylated lipid, a
phospholipid, or an apolipoprotein.

{00218] Anderson ef af. (US20150232883) provides a delivery particle formulations and/or
systems, preferably nanoparticle delivery formulations and/or systems, comprising {3) a
CRISPR-Cas systern RNA polynucleotide sequence; or (b} Cas9; or (¢} both a CRISPR-Cas
system RNA polynucleotide sequence and Cas9; or {d) one or more vectors that contain nucleic
acid molecule(s) encoding (a), (b} or (¢}, wherein the CRISPR-Cas system RNA polynucleotide
sequence and the Cas9 do not naturally occur together. The delivery particle formulations may
further comprise a surfactant, lipid or protein, wherein the surfactant may comprise a cationic
fipid.

{00219] Anderson er af (US20050123596) provides examples of microparticles that are
designed to release their payload when exposed to acidic conditions, wherein the microparticles
comprise at least one agent to be delivered, a pH triggering agent, and a polymer, wherein the
polymer is selected from the group of polymethacrylates and polyacrylates.

{00226] Anderson ef af (US 20020150626) provides lipid-protem-sugar particles tor delivery
of nucleic acids, wherein the polynuclectide is encapsulated in a lipid-protein-sugar matrix by
contacting the polynucleotide with a lipid, a protein, and a sugar; and spray drying mixture of the
polynucleotide, the lipid, the protein, and the sugar to make microparticles.

{00221] In terms of local delivery to the brain, this can be achieved in various ways. For
instance, material can be delivered intrastriatally e.g., by injection. Injection can be performed
stereotactically via a craniotomy.

{60222] Enhancing NHEJ or HR efficiency is also helpful for delivery. 1t 1s preferred that
NHEJ efficiency is enhanced by co-expressing end-processing enzymes such as Trex2
{Dumitrache et al. Genetics. 2011 August; 188(4). 787-797). It is preferred that HR efficiency 1s
increased by transiently inhibiting NHEJ machineries such as Ku70 and Ku86. HR efficiency can
also be increased by co-expressing prokaryotic or eukaryotic homologous recombination
enzymes such as RecBCD, RecA.

Packagine and Promoters senerally

[00223] Ways to package Cas9 coding nucleic acid molecules, e g, DNA into vectors, e.g.,
viral vectors, to mediate genome modification i vive include:

To achieve NHEJ-mediated gene knockout:
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Single virus vector:

Vector containing two or more expression cassettes:
Promoter-Cas? coding nucleic acid molecule -terminator
Promoter-gRNA1-terminator
Promoter-gRNAZ-terminator

Promoter-gRNA(N)-terminator (up to size himit of vector)

Double virus vectos:

Vector 1 containing one expression cassette for driving the expression of Cas9
Promoter-Cas® coding nucleic acid molecule-terminator

Vector 2 containing one more expression cassettes for driving the expression of one
or more guideRNAs

Promoter-gRNA1-terminator

Promoter-gRNA(N)-terminator (up to size limit of vector)

To mediate homology-directed repair.

In addition to the single and double virus vector approaches described above, an additional

vector is used to deliver a homology-direct repair template.

[00224]

include:

The promoter used to drive Cas9 coding vucleic acid molecule expression can

AAV ITR can serve as a promoter: this 15 advantageous for eliminating the need for
an additional promoter element (which can take up space in the vector). The
additional space freed up can be used to drive the expression of additional
elements (gRNA, etc.). Also, ITR activity is relatively weaker, so can be used to
reduce potential toxicity due to over expression of Cas9.

For ubiquitous expression, can use promoters: CMY, CAG, CBh, PGK, SV40,
Ferritin heavy ot light chains, etc.

For brain or other CNS expression, can use promoters: Synapsinl for all neurons,
CaMKlHalpha for excitatory wveurons, GAD67 or GAD6S or VGAT for
GABAergic neurons, etc.

For liver expression, can use Albumin promoter.

For lung expression, can use SP-B.
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For endothelial cells, can use ICAM.
For hematopoietic cells can use IFiNbeta or CD45.
For Osteoblasts can use OG-2.

{00225]  The promoter used to drive guide RNA can include:

Pol HI promoters such as U6 or H1
Use of Pol I promoter and intronic cassettes to express gRNA

Adeno associated virus (AAV)

{00226] Cas9 and one or more guide RNA can be delivered using adeno associated virus
{AAYVY), lentivirus, adenovirus or other plasmid or viral vector types, in particular, using
formulations and doses from, for example, US Patents Nos. 8,454,972 (formulations, doses for
adenovirus), 8,404,658 (formulations, doses for AAV) and 5,846,946 (formulations, doses for
DNA plasmids) and from clinical trials and publications regarding the chinical trials involving
fentivirus, AAV and adenovirus. For examples, for AAV, the route of administration,
formulation and dose can be as in US Patent No. 8,454,972 and as in clinical trials involving
AAV. For Adenovirus, the route of administration, formulation and dose can be as in US Patent
No. 8,404,658 and as in clinical trials involving adenovirus. For plasnud delivery, the route of
administration, formulation and dose can be as in US Patent No 5,846,946 and as in clinical
studies involving plasmids. Doses may be based on or extrapolated to an average 70 kg
individual {¢.g., a male adult human), and can be adjusted for patients, subjects, mammals of
different weight and species. Frequency of administration is within the ambit of the medical or
veterinary practitioner {e.g., physician, veterinarian}, depending on usual factors including the
age, sex, general health, other conditions of the patient or subject and the particular condition or
symptoms being addressed. The viral vectors can be injected into the tissue of interest. For cell-
type specific genome modification, the expression of Cas9 can be driven by a cell-type specitfic
promoter. For example, liver-specific expression might use the Albumin promoter and neuron-
specific expression {e.g., for targeting CNS disorders) might use the Syvapsin [ promoter.

{00227) In terms of in vive delivery, AAV is advantagecus over other viral vectors for a

couple of reasons:
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8 Low toxicity (this may be due to the purification method not requiring ultra
centrifugation of cell particles that can activate the immune response} and
8 Low probability of causing insertional mutagenesis because it doesn’t
integrate into the host genome.
{00228] AAV has a packaging limit of 4.5 or 475 Kb, This means that Cas9 as well a5 a
promoter and transcription terminator have to be all fit into the same viral vector. Constructs
targer than 4.5 or 4.75 Kb will lead to significantly reduced virus production. SpCas® 1s quite
jarge, the gene itself is over 4.1 Kb, which makes it difficult for packing into AAV. Therefore

embodiments of the invention include utilizing homologs of Cag9 that are shorter. For example:

Species (Cas9 Size (nt)
Corynebacter diphtheriae 3252
Eubacterium ventriosum 3321
Streptococcus pasteurianus 3390
Lactobacillus farciminis 3378
Sphaerochaeta globus 3537
Azospiritium B510 3504
Gluconacetobacter diazotrophicus 3150
Neisseria cinerea 3246
Roseburia intestinalis 3420
Parvibaculum lavamentivorans 3111
Staphylococcus aureus 3159
Nitratifractor salsuginis DSM 16511 3396
Campylobacter tari CF89-12 3009
Campylobacter jejuni 2952
Streptococcus thermophilus LMD-9 3396

{60229] rAAV vectors are preferably produced in insect cells, e.g., Spodoptera frugiperda 519
insect cells, grown in serum-free suspension culture. Serum-free insect cells can be purchased
from commercial vendors, e.g., Sigma Aldrich (EX-CELL 405},

{00230] These species are therefore, in general, preferred Cas9 species.

Lentivirus

{00231] Lentiviruses are complex retroviruses that have the ability to infect and express their
genes in both mitotic and post-mitotic celis. The most commonly known lentivirus i1s the human
immunodeficiency virus (HIV}, which uses the envelope glycoproteins of other viruses to target

a broad range of cell types.
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{00232] Lentiviruses may be prepared as follows. Afier cloning pCasES10 (which contains a
lentiviral transfer plasmid backbone), HEK293FT at low passage (p=53) were seeded in a T-75
flask to 50% confluence the day before transfection in DMEM with 10% fetal bovine serum and
without antibiotics. After 20 hours, media was changed to OptiMEM (serum-free) media and
transfection was done 4 hours later. Cells were transtected with 10 pg of lentiviral transfer
plasmid (pCasES10) and the following packaging plasmids: 5 pg of pMD2.G (VSV-g
pseudotype), and 7.5ug of psPAX2 (gag/pol/reviiat). Transfection was done in 4mL OptitMEM
with a cationic lipid delivery agent (50ul. Lipofectamine 2000 and 100ul Plus reagent). After 6
hours, the media was changed to antibictic-free DMEM with 10% fetal bovine serum. These
methods use serum during cell culture, but serum-free methods are preferred.

{00233] Lentivirus may be purified as follows. Viral supernatants were harvested after 48
hours. Supernatants were first cleared of debris and filtered through a 0.45um low protein
binding (PVDF) filter. They were then spun tn an ultracentrifuge for 2 hours at 24,000 rpm. Viral
pellets were resuspended in S0ul of DMEM overnight at 4C. They were then aliquoted and
immediately frozen at -80°C.

{80234] In another embodiment, minimal non-primate lentiviral vectors based on the equine
infectious anermia virus (EIAV) are also conteraplated, especially for ocular gene therapy (see,
e.g., Balagaan, J Gene Med 2006, &: 275 — 285). In another embodiment, RetinoStat®, an
equine infectious anemia virus-based lentiviral gene therapy vector that expresses angiostatic
protetns endostatin and angiostatin that 1s delivered via a subretinal injection for the treatment of
the web form of age-related macular degeneration 1s also contemplated (see, e.g., Binley et al |
HUMAN GENE THERAPY 23:980--991 (September 2012})) and this vector may be modified for
the CRISPR-Cas system of the present invention.

{00233] In another embodiment, self-inactivating lentiviral vectors with an siRNA targeting a
common exon shared by HIV tat/rev, a nucleolar-localizing TAR decoy, and an anti-CCRS-
specific hammerhead ribozyme (see, e.g., DiGiusto et al. (2010) Sci Transt Med 2:36ra43) may
be used/and or adapted to the CRISPR-Cas system of the present invention. A minimum of 2.5 x
10° CD34+ cells per kilogram patient weight may be collected and prestimulated for 16 to 20
hours in X-VIVO 1S medium (Lonza) containing 2 pmol/L-glutamine, stem cell factor (100
ng/ml), Fit-3 ligand (FIt-3L) (100 ng/ml), and thrombopoietin (10 ng/ml} (CellGenix) at a

density of 2 » 10° cells/ml. Prestimulated cells may be transduced with lentiviral at a multiplicity
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of infection of S for 16 to 24 hours in 7S-cm” tissue culture flasks coated with fibronectin (25
mg/cm’) (RetroNectin, Takara Bio Inc.).

{00236] Lentiviral vectors have been disclosed as in the treatment for Parkinson-s Disease,
see, e.g., US Patent Publication No. 20120295960 and US Patent Nos. 7303910 and 7351585,
Lentiviral vectors have also been disclosed for the treatment of ocular diseases, see e.g, US
Patent Publication Nos. 20060281180, 20090007284, US20110117189; US20090017543,
US20070054961, US20100317109. Lentiviral vectors have also been disclosed for delivery to
the brain, see, eg, US Patent Publication Nos. US20110293571;, US20110293571,
US20040013648, US20070025970, US20090111106 and US Patent No. US7259015.

RNA delivery

{00237] RNA delivery: The CRISPR enzyme, for instance a Cas9, and/or any of the present
RMNAs, for instance a guide RNA, can also be delivered in the form of RNA. Cas9 mRNA can be
generated using i vifro transcription. For example, Cas9 mRNA can be synthesized using a PCR
cassette containing the following elements: T7 promoter-kozak sequence (GCCACC)-Cas9-3’
UTR from beta globin-polyA tail (a string of 120 or more adenines). The cassette can be used for
transeription by T7 polymerase. Guide RNAs can also be transcribed using in vitro transeription
from a cassette containing T7 promoter-GG-guide RNA sequence.

{00238] To enhance expression and reduce possible toxicity, the CRISPR enzyme-coding
sequence and/or the guide RNA can be modified to include one or more modified nucleoside
e.g., using pseudo-U or 5-Methyl-C.

{06023%] mRNA delivery methods are especially promising for liver delivery currently.

{00240] Much clinical work on RNA delivery has focused on RNA1 or antisense, but these
systems can be adapted for delivery of RNA for implementing the present invention. References
below to RNA1 efc. should be read accordingly.

Particies

{00241] L ef of (US 20110212179) provides bimodal porous polymer microspheres
comprising a base polymer, wherein the particle comprises macropores having a diameter
ranging from about 20 to about 500 microns and micropores having a diameter ranging from
about 1 to about 70 microns, and wherein the microspheres have a diameter ranging from about

50 to about 1100 microns.
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{00242] Berg ef al (US20160174546) a nanolipid delivery system, in particular a nano-
particle concentrate, comprising. a composition comprising a fipid, oil or solvent, the
composition having a viscosity of less than 100 cP at 25.degree. C. and a Kauri Butanol solvency
of greater than 25 Kb, and at least one amphipathic compound selected from the group consisting
of an alkoxylated fipid, an alkoxylated fatty acid, an alkoxylated alcohol, a hetercatomic
hydrophilic fipid, a hetercatomic hydrophilic fatty acid, a hetercatomic hydrophilic alcohol, a
diluent, and combinations thereof, wherein the compound is derived from a starting compound
having a viscosity of less than 1000 ¢P at 50.degree. C., wherein the concentrate is configured to
provide a stable nano emulsion having a D50 and a mean average particle size distribution of less
than 100 nm when diluted.

{00243] L eral (US 20140301951 provides a protocell nanostructure comprising: a porous
particle core comprising a plurality of pores; and at least one lipid bilayer surrounding the porous
particle core to form a protocell, wherein the protocell is capable of loading one or more cargo
components to the plurality of pores of the porous particle core and releasing the one or more
cargo components from the porous particle core across the surrounding lipid bilayer.

{80244] Chromy er af (US 20150105538} provides methods and systems for assembling,
solubilizing and/or purifying a membrane associated protein in a nanolipoprotein particle, which
comprise a temperature transition ¢ycle performed in presence of a detergent, wherein during the
temperature transition cycle the nanolipoprotein components are brought to a temperature above
and below the gel to liquid crystalling transition temperature of the membrane forming lipid of
the nanolipoprotein particle.

{00245] Bader er ol (US 20150250725}, provides a method for producing a lipid particle
comprising the following: 1} providing a first solution comprising denatured apolipoprotein, i1}
adding the first solution to a second solution comprising at least two lipids and a detergent but no
apolipoprotein, and iii) removing the detergent from the solution obtained in 11) and thereby
producing a lipid particle.

{00246] Mirkin e7 ol., (US20100129793) provides a method of preparing a composite particle
comprising the steps of (a) admixing a dielectric component and a magnetic component to form a
first intermediate, (b) admixing the first intermediate and gold seeds to form a second
intermediate, and (¢) forming a gold shell on the second intermediate by admixing the second

intermediate with a gold source and a reducing agent to form said composite particle.
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{060247] CRISPR enzyme mRNA and guide RNA may be delivered simultaneously using
nanoparticles or lipid envelopes.

{00248] For example, Su X| Fricke J, Kavanagh DG, frvine DJ (“In vitro and 1n vivo mRNA
delivery using lipid-enveloped pH-responsive polymer nanoparticles” Mol Pharm. 2011 Jun
6;8(3):774-87. dot: 10.1021/mp100390w. Epub 2011 Apr 1) describes biodegradable core-shell
structured nanoparticles with a poly(B-amino ester) (PBAE) core enveloped by a phospholipid
bilayer shell. These were developed for in vivo mRNA delivery. The pH-responsive PBAE
component was chosen to promote endosome disruption, while the lipid surface laver was
selected to minimize toxicity of the polycation core. Such are, therefore, preferred for delivering
RNA of the present invention.

{00249] In one embodiment, nanoparticles based on self assembling bicadhesive polymers are
contemplated, which may be applied to oral delivery of peptides, intravenous delivery of
peptides and nasal delivery of peptides, all to the brain. Other embodiments, such as oral
absorption and ocular delivery of hydrophobic drugs are also contemplated. The molecular
envelope technology tnvolves an engineered polymer envelope which is protected and delivered
to the site of the disease {(see, e.g., Mazza, M. et al. ACSNano, 2013. 7(2): 1016-1026; Stew, A,
et al. Mol Pharm, 2012 9(1):14-28; Lalatsa, A, et al. J Contr Rel, 2012, 161{2):523-36; Lalatsa,
A, et al., Mol Pharm, 2012, 9{6).1665-80; Lalatsa, A., et al. Mol Pharm, 2012, 9(6):1764-74;
Garrett, N.L, et al. J Biophotonics, 2012, 5(5-6):458-68; Garrett, N.L, et al. J Raman Spect,
2012, 43(5).681-688; Ahmad, 5., et al. J Roval Soc Interface 2010. 7:5423-33; Uchegbu, LF.
Expert Opin Drug Deliv, 20006, 3(5):629-40; Qu, X et al. Biomacromolecules, 2006, 7(12):3452-
9 and Uchegbu, LF, et al. Int J Pharm, 2001. 224:185-199). Doses of about 5 mg/kg are
contemplated, with single or multiple doses, depending on the target tissue.

{80230] In one embodiment, nanoparticles that can deliver RNA to a cancer cell to stop tumor
growth developed by Dan Anderson’s lab at MIT may be used/and or adapted to the CRISPR
Cas system of the present invention. In particular, the Anderson lab developed fully automated,
combinatorial systems for the synthesis, purification, characterization, and formulation of new
biomaterials and nanoformulations. See, e.g, Alabi et al | Proc Natl Acad Sci U § A 2013 Aug
6,110(32):12881-6, Zhang et al., Adv Mater. 2013 Sep 6,25(33).4641-5; lang et al., Nano Lett.
2013 Mar 13;13(3):1059-64; Karagiannis ¢t al., ACS Nano. 2012 Oct 23;6(10):8484-7;
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Whitehead et al,, ACS Nano. 2012 Aug 28,6(8):6922-9 and Lee et al., Nat Nanotechnol. 2012
Jun 3;7(6):389-93.

{00251] The lipid particles developed by the Qiacbing Xu’s lab at Tufts University may be
used/adapted to the present delivery system for cancer therapy. See Wang et al,, J Conmrol
Release, 2017 Jan 31. pit: SO168-3659(17)30038-X. doi: 10.1016/; jeonrel 2017.01.037. [Epub
ahead of print]; Altnoglu et al., Biomater Sci., 4(12):1773-80, Nov. 15, 2016; Wang et al.,
PNAS, T13(11):2868-73 March 15, 2016; Wang et al, PloS One, 10(11). ¢0141860. doi:
10.137Vjournal pone.0141860. eCollection 2015, Nov. 3, 2015; Takeda et al, Newral Regen
Res. 10(5):689-90, May 2015; Wang et al., Adv. Healthc Muater., 3(9):1398-403, Sep. 2014; and
Wang et al., Agnew Chem Int Fd Fngl, S3(11).2893-8, Mar. 10, 2014

{00252] US patent application 20110293703 relates to lipidoid compounds are also
particularly useful in the administration of polynucleotides, which may be applied to deliver the
CRISPR Cas system of the present invention. In one aspect, the aminoalcohol lipidoid
compounds are combined with an agent to be delivered to a cell or a subject to form
microparticles, nanoparticles, liposomes, or micelles. The agent to be delivered by the particles,
liposomes, or micelles may be in the form of a gas, liquid, or solid, and the agent may be a
polynucleotide, protein, peptide, or srall molecule. The minoaleohol lipidoid compounds may
be combined with other aminoalcohol lipidoid compounds, polymers (synthetic or natural),
surfactants, cholesterol, carbohydrates, proteins, lipids, etc. to form the particles. These particles
may then optionally be combined with a pharmaceutical excipient to form a pharmaceutical
COMpOoSsition.

{60253] US Patent Publication No. 20110293703 also provides methods of preparing the
aminoalcohol lipidoid compounds. One or more equivalents of an amine are allowed to react
with one or more equivalents of an epoxide-terminated compound under suitable conditions to
form an aminoalcohol lipidoid compound of the present invention. In certain embodiments, all
the amino groups of the amine are tully reacted with the epoxide-terminated compound to form
tertiary amines. In other embodiments, all the amino groups of the amine are not fully reacted
with the epoxide-terminated compound to form tertiary amines thereby resulting in primary or
secondary amines in the aminoalcohol lipidoid compound. These primary or secondary amines
are left as is or may be reacted with another electrophile such as a different epoxide-terminated

compound. As will be appreciated by one skilled in the art, reacting an amine with less than
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excess of epoxide~-terminated compound will result in a plurality of different aminoalcohol
lipidoid compounds with various numbers of tails. Certain amines may be fully functionalized
with two epoxide-derived compound tails while other molecules will not be completely
functionalized with epoxide-derived compound tails. For example, a diamine or polyamine may
include one, two, three, or four epoxide-derived compound tails off the various amino moieties
of the molecule resulting in primary, secondary, and tertiary amines. In certain embodiments, all
the amino groups are not fully functionalized. In certain embodiments, two of the same types of
epoxide-terminated compounds are used. In other erubodiments, two or more different epoxide-
terminated compounds are used. The synthesis of the aminocalcohol lipidoid compounds is
performed with or without solvent, and the synthesis may be performed at higher temperatures
ranging from 30-100 °C., preferably at approximately 50-90 °C. The prepared aminoalcohol
lipitdoid compounds may be optionally purified. For example, the mixture of aminoalcohol
jipidoid compounds may be purified to yield an aminoalcohol lipidoid compound with a
particular number of epoxide-derived compound tails. Or the mixture may be purified to yield a
particular stereo- or regioisomer. The aminoalcohol lipidoid compounds may also be alkylated
using an alkyl halide {e.g., methyl iodide) or other alkylating agent, and/or they may be acvlated.

{00254] US Patent Publication No. 20110293703 also provides libraries of aminocalcohol
lipidoid compounds prepared by the inventive methods. These aminoalcchol lipidoid compounds
may be prepared and/or screened using high-throughput techniques involving liguid handlers,
robots, microtiter plates, computers, etc. In certain embodiments, the aminocalcohol lipidoid
compounds are screened for their ability to transfect polynucleotides or other agents (e.g.,
proteins, peptides, small molecules} into the cell.

{00255) US Patent Publication No. 20130302401 relates to a class of poly{beta-amino
alcohols) (PBA As) has been prepared using combinatorial polymerization. The inventive PBAAs
may be used in biotechnology and biomedical applications as coatings (such as coatings of films
or multilayer films for medical devices or implants), additives, materials, excipients, non-
biofouling agents, micropatterning agents, and cellular encapsulation agents. When used as
surface coatings, these PBAAs elicited different levels of inflamnmation, both in vitro and in vivo,
depending on their chemical structures. The large chemical diversity of this class of materials
allowed us to identify polymer coatings that inhibit macrophage activation in vitro. Furthermore,

these coatings reduce the recruitment of inflammatory cells, and reduce fibrosis, following the
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subcutaneous implantation of carboxylated polystyrene microparticles. These polymers may be
used to form polyelectrolyte complex capsules for cell encapsulation. The invention may also
have many other biological applications such as antimicrobial coatings, DNA or siRNA delivery,
and stem cell tissue engineering. The teachings of US Patent Publication No. 20130302401 may
be applied to the CRISPR Cas system of the present invention.

{60256] In anocther embodiment, lipid nanoparticles (LNPs} are contemplated. An
antitransthyretin small interfering RINA has been encapsulated in lipid nanoparticles and
delivered to humans (see, e g, Coetho et al., N Engl J Med 2013;369:819-29), and such a system
may be adapted and applied to the CRISPR Cas system of the present invention. Doses of about
0.01 to about 1 mg per kg of body weight administered ntravenously are contemplated.
Medications to reduce the risk of infusion-related reactions are contemplated, such as
dexamethasone, acetampinophen, diphenhydramine or cetirizine, and ranitidine are
contemplated. Multiple doses of about 0.3 mg per kilogram every 4 weeks for five doses are also
contemplated.

{00257]  Zhu et al. (US20140348900) provides for a process for preparing liposomes, lipid
discs, and other lipid nanoparticles using a multi-port manifold, wherein the lipid solution
stream, containing an organic solvent, 1s mixed with two or more streams of aqueous solution
{e.g., bufter). In some aspects, at least some of the streams of the lipid and aqueous solutions are
not directly opposite of each other. Thus, the process does not require dilution of the organic
solvent as an additional step. In some embodiments, one of the solutions may also contain an
active pharmaceutical ingredient (API). This invention provides a robust process of liposome
manufacturing with different lipid formulations and different payloads. Particle size,
morphology, and the manufacturing scale can be contrelled by altering the port size and number
of the manitold ports, and by selecting the flow rate or flow velocity of the hipid and agueous
solutions.

{00258] Cullis et ol (US 20140328759) provides limit size lipid nanoparticles with a diameter
from 10-100 nm, in particular comprising a lipid bilayer surrounding an aqueous core. Methods
and apparatus for preparing such limit size lipid nanoparticles are also disclosed.

{60259] Manocharan et al. (US 20140308304} provides cationic lipids of formula (1)
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[60260]
{00261]  or a salt thereof, wherein X is N or P; R' 15 absent, hydrogen, or alkyl; with respect to
R'and R, (i) R' and R” are each, independently, optionally substituted alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkylalkyl, heterocycle or R™; (ii) R and R?, together with the nitrogen atom to
which they are attached, form an optionally substituted heterocylic ring; or (iii) one of R and R?
is optionally substituted atkyl, atkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, or heterocycle, and
the other forms a 4-10 member heterocyclic ring or heteroaryl with (a) the adjacent nitrogen
atom and (b) the (R), group adjacent to the mitrogen atom, each occurrence of R is,
independently, --(CR'R")--; each occurrence of R’ and R” are, independently H, halogen, OH,
alkyl, alkoxy, ~-NH.sub.2, alkylamino, or dialkylamino; or R’ and R”, together with the carbon
atom to which they are directly attached, form a cycloalkyl group, wherein no more than three R
groups in each chain attached to the atom X* are cycloalkyl;, each occurrence of Rosup. 10 is
independently selected from PEG and polymers based on poly{oxazoline), poly(ethylene oxide),
poly(vinyl alcohol}, poly{glycerol), poly{N-vinylpyrrolidone), poly[N-{2-
hydroxypropyDmethacrylamide] and poly(amino acid)s, wherein (1) the PEG or polymer is linear
or branched, (it) the PEG or polymer is polymerized by n subunits, (it} n is a number-averaged
degree of polymerization between 10 and 200 units, and (iv) wherein the compound of formula
has at most two R groups, {3 is absent or is -0, --NH-~, 8- -C(C}3--, --OC((}}--, ~-
C{ONR ), ~NERIC(O)-, =8-S, ~OC(OY0--, ~0--N.dbd.CR ), ~C(R").dbd N--O--, -
OC(OINR Y-, ~NRICOINR ), -NRIC(O)0--, —~C(0)8-, ~C(8)Y0-- or --C(R).dbd. N--
0--C{O)-; Q' and Q" are each, independently, absent, O, =-8en, ~-OC(O}, -C{O)0-, --
SC(O)-, ~C(O)S~, —~OC(S)~, ~C(8)0, ~8=-8--, ~C{OHNR }~, ~NRC(O)--, ~-C(SYNR)--
, =NERIC(O)-, ~-NEIC(OINR)--, or --OC(0)0--; @’ and Q° are each, independently, H, -
(CR'RY--, aryl, or a cholesterol moiety; each ocourrence of A', A®, A” and A’ is, independently,
~{CR'R7--CR dbd.CR)--; each occurrence of R’ is, independently, H or alkyl; M' and M” are
each, independently, a biodegradable group (e.g., -OC(0})--, --C{0)O--, --8C(0}--, --C{O)S--, -~
OC(8)--, —C(8)0--, 88, ~CR).dbd N--, ~N.dbd. C(R)--, --CR’).dbd N=-O--, --O--
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Ndbd. C(R5)--,  ~C(O}NRS}-, ~NERHCO)-, ~CHNR)-, —-NRICO)-, -
NERICOINR Y-, —-0C(0)0--, —-0Si{R).sub20--, ~-CONHCRRHCOIO--, or -
OC(ONCRRNC(0)-); Z is absent, alkylene or ~-O--P(OWOH)--O--; each =mmnnn attached to Z 13
an optional bond, such that when Z is absent, Q’ and Q" are not directly covalently bound
together; ais 1, 2,3, 4, 50r 6, bis 0, 1, 2, 0r 3; ¢, d, e £ 1, ], m, n g and r are each,

2

5 -5

independently, 0, 1,2,3,4,5,6,7, 8,9 or 10; g and h are each, independently, 0, 1 or 2, k and |
are each, independently, 0 or 1, where at least one of k and | is 1; and o and p are each,
independently, 0, 1 or 2, wherein Q" and Q" are each, independently, separated from the tertiary
atom marked with an asterisk (X*}) by a chain of 8 or more atoms. The cationic lipid can be used
with other lipid components such as cholesterol and PEG-lipids to form lipid nanoparticles with
oligonucleotides, to facilitate the cellular uptake and endosomal escape, and to knockdown target
mRNA both in vitro and in vivo.

{60262] LNPs have been shown to be highly effective in delivering siRNAs to the liver (see,
e.g., Tabernero et al., Cancer Discovery, April 2013, Vol. 3, No. 4, pages 363-470) and are
therefore contemplated for delivering RNA encoding CRISPR Cas to the liver. A dosage of
about four doses of 6 mg/kg of the LNP every two weeks may be contemplated. Tabernero et al.
demonstrated that tumor regression was observed after the first 2 cycles of LNPs dosed at 0.7
mg'ke, and by the end of 6 cycles the patient had achieved a partial response with complete
regression of the lymph node metastasis and substantial shrinkage of the liver tumors. A
complete response was obtained after 40 doses in this patient, who has remained in remission
and completed treatment after receiving doses over 26 months. Two patients with RCC and
extrahepatic sites of disease including kidney, lung, and lymph nodes that were progressing
following prior therapy with VEGF pathway inhibitors had stable disease at all sites for
approximately 8 to 12 months, and a patient with PNET and liver metastases continued oun the
extenston study for 18 months (36 doses) with stable disease.

[00263] However, the charge of the LNP must be taken into consideration. As cationic lipids
combined with negatively charged lipids to induce nonbilaver structures that facilitate
intracelular delivery. Because charged LNPs are rapidly cleared from circulation following
intravenous injection, tonizable cationic lipids with pKa values below 7 were developed (see,
e.g., Rosin et al, Molecular Therapy, vol. 19, no. 12, pages 1286-2200, Dec. 2011). Negatively

charged polymers such as RNA may be loaded into LNPs at low pH values {(e.g, pH 4) where
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the ionizable lipids display a positive charge. However, at physiological pH values, the LNPs
exhibit a low surface charge compatible with longer circulation times. Four species of ionizable
cationic lipids have been focused upon, namely 1,2-dilineovl-3-dimethylammonium-propane
{(DLnDAP), 12-dilinoleyloxy-3-N N-dimethylaminopropane (DLinDMA), 1,2-dilinoleyloxy-
keto-N,N-dimethyl-3-aminopropane (DLinKDMA), and 1,2-dilinoleyl-4-(2-
dimethylaminoethyi)-[1,3}-dioxolane (DLinKC2-DMA). It has been shown that INP siRNA
systems containing these lipids exhibit remarkably different gene silencing properties in
hepatocytes  in vivo, with potencies wvarying according to  the series DLinKC2-
DMA>DLinKDMA>DLinDMA>>DLInDAP employing a Factor VII gene silencing model (see,
¢.g., Rosin et al, Molecular Therapy, vol. 19, no. 12, pages 1286-2200, Dec. 2011). A dosage of
b ug/ml of LNP or CRISPR-Cas RNA in or associated with the LNP may be contemplated,
especially for a formulation containing DLinKC2-DMA .

{60264] Preparation of LNPs and CRISPR Cas encapsulation may be used/and or adapted
from Rosin et al, Molecular Therapy, vol. 19, no. 12, pages 1286-2200, Dec. 2011). The cationic
fipids  1,2-dilineoyl-3-dimethylammonium-propane  (DLinDAP),  1,2-dilinoleyloxy-3-N,N-
dimethvlaminopropane  (DLinDMA),  1,2-dilinoleyloxyketo-N, N-dimethyl-3-aminopropane
(DLnK-DMA), 1,2-dilinoleyl-4-(2-dimethylaminoethyl)-{1,3}-dioxolane (DLinKC2-DMA), (3-
o-[2"-{methoxypolyethyleneglveal 2000) succinoyl}-1,2-dimyristoyl-sn-glycol {(PEG-S-DMG),
and R-3-[{w-methoxy-poly{ethylene glycol)2000) carbamoyl]-12-dimyristyloxipropyl-3-amine
(PEG-C-DOMG) may be provided by Tekmira Pharmaceuticals (Vancouver, Canada) or
synthesized. Cholesterol may be purchased from Sigma (St Louts, MO}, The specitic CRISPR
Cas RNA may be encapsulated in LNPs containing DLinDAP, DLinDMA, BLinK-DMA, and
DLinKC2-DMA (cationic lipid:DSPC.CHOL: PEGS-DMG or PEG-C-DOMG at 40:10:40:10
molar ratios). When required, 02% SP-DIOCI8 (Invitrogen, Burlington, Canada) may be
incorporated to assess cellular uptake, intracellular delivery, and biodistribution. Encapsulation
may be performed by dissolving lipid mixtures  comprised of  cationic
lipid:DSPC cholesterol PEG-c-DOMG (40:10:40:10 molar ratio} in ethanol to a final lipid
concentration of 10 mmol/l. This ethanol solution of lipid may be added drop-wise to 50 mmol/i
citrate, pH 4.0 to form multilamellar vesicles to produce a final concentration of 30% ethanol
vol/vol. Large unilamellar vesicles may be formed following extrusion of multilamellar vesicles

through two stacked 80 nm Nuclepore polycarbonate filters using the Extruder (Northern Lipids,
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Vancouver, Canada). Encapsulation may be achieved by adding RNA dissolved at 2 mg/ml in 50
mmol/l citrate, pH 4.0 containing 30% ethanol vol/vol drop-wise to extruded preformed large
unilamellar vesicles and incubation at 31 °C for 30 minutes with constant mixing to a final
RINA/Mipid weight ratio of 0.06/1 wt/wt. Removal of ethanol and neutralization of formulation
buffer were performed by dialysis against phosphate-buffered saline (PBS), pH 7.4 for 16 hours
using Spectra/Por 2 regenerated cellulose dialysis membranes. Nanoparticle size distribution
may be determined by dynamic light scattering using a NICOMP 370 particle sizer, the
vesicle/intensity modes, and Gaussian fitting (Nicomp Particle Sizing, Santa Barbara, CA). The
particle size for all three LNP systems may be ~70 nm in diameter. RNA encapsulation
etficiency may be determined by removal of free RNA using VivaPureD MinitH columns
{Sartorius Stedim Biotech) from samples collected before and after dialysis. The encapsulated
RNA may be extracted trom the eluted nanoparticles and quantified at 260 nm. RNA to lipid
ratio was determined by measurement of cholesterol content in vesicles using the Cholesterol E
enzymatic assay from Wako Chemicals USA (Richmond, VA). In conjunction with the herein
discussion of ENPs and PEG lipids, PEGylated hiposomes or LNPs are likewise suitable for
delivery of a CRISPR-Cas system or components thereof.

{00265]  Preparation of large LNPs may be used/and or adapted from Rosin et al, Molecular
Therapy, vol. 19, no. 12, pages 1286-2200, Dec. 2011. A lipid premix solution {20.4 mg/mi total
lipid concentration) may be prepared in ethanol containing DLinKC2-DMA, DSPC, and
cholesterol at 50:10:38.5 molar ratios. Sodium acetate may be added to the lipid premix at a
molar ratio of 0.75:1 {sodium acetate DLinKC2-DMA). The hipids may be subsequently
hydrated by combining the mixture with 1.85 volumes of citrate butfer (10 mmol/l, pH 3.0) with
vigorous stirring, resulting in spontanecus liposome formation in aqueous buffer containing 35%
ethanol. The liposome solution may be incubated at 37 °C to allow for time-dependent increase
in particle size. Aliquots may be removed at various times during incubation to investigate
changes in liposome size by dynamic light scattering (Zetasizer Nano Z5, Malvern Instruments,
Worcestershire, UK). Once the desired particle size is achieved, an agqueous PEG lipid solution
{(stock = 10 mg/ml PEG-DMG in 35% (vol/vol) ethanol) may be added to the iposome mixture
to yield a final PEG molar concentration of 3.5% of total lipid. Upon addition of PEG-lipids, the
liposomes should their size, effectively quenching further growth. RNA may then be added to the

empty liposomes at an RNA to total lipid ratio of approximately 1:10 (wt:wt), followed by
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incubation for 30 minutes at 37 °C to form loaded LNPs. The mixture may be subsequently
dialyzed overnight in PBS and filtered with a 0.45-um syringe filter.

Lipesomes

{80266] In one aspect, the invention provides a particle delivery system comprising a
composite virus particle, wherein the composite virus particle comprises a lipid, a virus capsid
protein, and a protein or peptide. The peptide or protein can be up to one megadalton in size.
{60267] In one embodiment, the particle delivery system comprises a virus particle adsorbed
to a liposome. In one embodiment, the liposome comprises a cationic lipid.

{00268] In one embodiment, the liposome of the particle delivery system comprises the
CRISPR-Cas system component.

{00269] 1o one aspect, the invention provides a delivery system comprising one or more
hybrid virus capsid proteins in combination with a lipid particle, wherein the hybrid virus capsid
protein comprises at east a portion of a virus capsid protein attached to at least a portion of a
non-capsid protein.

{00270] In one embodiment, the virus capsid protein of the delivery system is attached to the
surface of the lipid particle. In one embodiment, the virus capsid protein is attached to the
surface of the lipid particle by an electrostatic interaction or by hydrophobic interaction.

{60271} In one embodiment, the lipid particle has a dof 50-1000 nm, preferably 100 - 1000
nm.

[060272] In one embodiment, the delivery system comprises a protein or peptide, wherein the
protein or peptide has a molecular weight of up to a megadalton. In one embodiment, the protein
or peptide has a molecular weight in the range of 110 to 160 kDa.

{60273] In one embodiment, the delivery system comprises a protein or peptide, wherein the
protein or peptide comprises a CRISPR protein or peptide. In one embodiment, the protein or
peptide comprises a Cas9, a Cpf'l or a C2¢2.

{060274] In one embodiment, the lipid, lipid particle or lipid layer of the delivery system
comprises at least one cationic hipid.

i80275] In one embodiment, the hipid compound is preferably a bio-reducible material, eg., a
bio-reducible polymer and a bio-reducible lipid-like compound.

{60276] In one aspect, the lipid or lipid-like compound comprises a hydrophilic head, a

hydrophobic tail, and a linker.
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{60277] In one embodiment, the hydrophilic head contains one or more hydrophilic functional
groups, e.g., hydroxyl, carboxyl, amino, sulthydryl, phosphate, amide, ester, ether, carbamate,
carbonate, carbamide and phosphodiester. These groups can form hydrogen bonds and are
optionally positively or negatively charged.

{00278] In one embodiment, the hydrophobic tail is a saturated or unsaturated, linear or
branched, acyclic or cyclic, aromatic or nonaromatic hydrocarbon moiety containing a disulfide
bond and 8-24 carbon atoms. One or more of the carbon atoms can be replaced with a
heteroatom, such as N, O, P, B, 5, 51, Sb, Al, Sn, As, Se, and Ge. The lipid or lipid-like
compounds containing disulfide bond can be bioreducible.

{80279] In one embodiment, the linker of the lipid or lipid-like compound links the
hydrophilic head and the hydrophobic tail. The linker can be any chemical group that is
hydrophilic or hydrophobic, polar or non-polar, e.g., O, S, 5i, amino, alkylene, ester, amide,
carbamate, carbamide, carbonate phosphate, phosphite, sulfate, sulfite, and thiosulfate,

{60280] The lpid or lipid-like compounds described above include the compounds
themselves, as well as their salts and solvates, if applicable. A salt, for example, can be formed
between an anion and a positively charged group {e.g, amingo) on a lipid-like compound.
Suitable anions include chloride, bromide, iodide, sulfate, nitrate, phosphate, citrate,
methanesulfonate, trifluorcacetate, acetate, malate, tosylate, tartrate, fumurate, glutamate,
glucuronate, lactate, glutarate, and maleate. Likewise, a salt can also be formed between a cation
and a negatively charged group {e.g., carboxylate) on a lipid-like compound. Suitable cations
include sodium ion, potassium ion, magnesium ion, calcium ton, and an ammonium cation such
as tetramethylammonium ton. The liptd-like compounds also include those salis containing
quaternary nitrogen atoms. A solvate refers to a complex formed between a lipid-like compound
and a pharmaceutically acceptable solvent. Examples of pharmaceutically acceptable solvents
include water, ethanol, isopropanol, ethyl acetate, acetic acid, and ethanolamine.

{00281] Delivery or administration according to the invention can be performed with
jliposomes. Liposomes are spherical vesicle structures composed of a uni- or multilamellar lipid
bilaver surrounding internal aqueous compartments and a relatively impermeable outer lipophilic
phospholipid bilayer. Liposomes have gained considerable attention as drug delivery carriers
because they are biocompatible, nontoxic, can deliver both hydrophilic and lipophilic drug

molecules, protect their cargo from degradation by plasma enzymes, and transport their load
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across biological membranes and the blood brain barrier (BBB) (see, e g, Spuch and Navarro,
Journal of Drug Delivery, vol. 2011, Article D 469679, 12 pages, 2011
doi: 10 1155/2011/469679 for review).

{60282] Liposomes can be made from several different types of lipids; however,
phospholipids are most commonly used to generate liposomes as drug carriers. Although
liposome formation is spontaneous when a lipid film is mixed with an aqueocus solution, it can
also be expedited by applying force in the form of shaking by using a homogenizer, sonicator, or
an extrusion apparatus {see, e.g., Spuch and Navarro, Journal of Drug Delivery, vol. 2011,
Article 1D 469679, 12 pages, 2011. dot:10.1155/2011/469679 for review).

{00283] Several other additives may be added to liposomes in order to modify their structure
and properties. For instance, either cholesterol or sphingomyelin may be added to the liposomal
mixture in order to help stabilize the liposomal structure and to prevent the leakage of the
liposomal inner cargo. Further, liposomes are prepared from hyvdrogenated egg
phosphatidyicholine or egg phosphatidylcholine, cholesterol, and dicetyl phosphate, and their
mean vesicle sizes were adjusted to about 50 and 100 nm. (see, e.g., Spuch and Navarro, Journal
of Drug Delivery, vol. 2011, Article 1D 469679, 12 pages, 2011, doi:10.1155/2011/469679 for
review).

{00284] A liposome formulation may be mainly comprised of natural phospholipids and lipids
such as 1 2-distearoryl-sn-glycero-3-phosphatidyl choline (DSPC), sphingomyelin, egg
phosphatidyicholines and monosialoganglioside. Since this formulation ts made up of
phospholipids only, liposomal formulations have encountered many challenges, one of the ones
being the instability in plasma. Several attempts to overcome these challenges have been made,
specifically in the manipulation of the lipid membrane. One of these attempts focused on the
manipulation of cholesterol. Addition of cholesterol to conventional formulations reduces rapid
release of the encapsulated bicactive compound into the plasma or 1,2-dioleoyl-sn-glycero-3-
phosphoethanolamine (DOPE) increases the stability (see, e.g., Spuch and Navarro, Journal of
Dirug Delivery, vol. 2011, Article ID 469679, 12 pages, 2011, doi:10.1155/2011/469679 for
FEVIEW).

{00285] In a particularly advantageous embodiment, Trojan Horse liposomes (also known as
Molecular Trojan Horses) are desirable and protocols may be found at

.
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a transgene to the entire brain after an intravascular injection. Without being bound by imitation,
it 1s believed that neutral lipid particles with specific antibodies conjugated to surface aliow
crossing of the blood brain barrier via endocytosis. Applicant postulates utilizing Trojan Horse
Liposomes to deliver the CRISPR family of nucleases to the brain via an intravascular injection,
which would allow whole brain transgenic animals without the need for embryonic
manipulation. About 1-5 g of DNA or RNA may be contemplated for in vivo administration in
liposomes.

[00286] In anocther embodiment, the CRISPR Cas system may be administered in iposomes,
such as a stable nucleic-acid-lipid particle (SNALP) (see, eg, Morrissey et al, Nature
Biotechnology, Vol. 23, No. 8, August 2005). Daily intravenous injections of about 1, 3 or 5
mg/kg/day of a specific CRISPR Cas targeted in a SNALP are contemplated. The daily treatment
may be over about three days and then weekly for about five weeks. In another embodiment, a
specific CRISPR Cas encapsulated SNALP) administered by intravenous injection to at doses of
about 1 or 2.5 mg/kg are also contemplated (see, e.g., Zimmerman et al, Nature Letters, Vol.

441, 4 May 2006). The SNALP formulation wmay cootain the lipids 3-N-

[(wmethoxvypoly{ethvlene glycol) 2000} carbamoyl] -1,2-dimyristyloxy-propylamine (PEG-C-
DMA),  1,2-diinoleyloxy-N N-dimethyl-3-aminopropane  {(DLinDMA),  1,2-distearoyl-sn-
glycero-3-phosphocholine (BSPC) and cholesterol, in a 2:40:10:48 molar per cent ratic (see, e.g.,
Zimmerman et al., Nature Letters, Vol. 441, 4 May 2006).

{060287] In another embodiment, stable nucleic-acid-lipid particles (SNALPs) have proven to
be effective delivery molecules to highly vascularized HepG2-derived liver tumors but not in
poorty vascularized HCT-116 derived liver tumors (see, e.g., Li, Gene Therapy (2012} 19, 775~
780). The SNALP liposomes may be prepared by formulating D-Lin-DMA and PEG-C-DMA
with distearoylphosphatidylcholine (DSPC), Cholesterol and siRNA using a 251 hipid/siRNA
ratio and a 48/40/10/2 molar ratio of Cholesterol/D-Lin-DMA/DSPC/PEG-C-DMA. The resulted
SNALP liposomes are about 80—100 nm in size.

{60288] In vet another embodiment, a SNALP may comprise synthetic cholesterol (Sigma-
Aldrich, St Louis, MO, USA), dipalmitoylphosphatidylcholine (Avanti Polar Lipids, Alabaster,
AL, USA), 3-N-[(w-methoxy poly{ethylene glycol)2000)carbamoyl}-1,2-

dimyvrestvloxypropylamine, and cationic 1 2-dilinoleyloxy-3-N Ndimethylaminopropane (see,
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e.g., Geisbert et al., Lancet 2010; 375: 1896-905). A dosage of about 2 mg/kg total CRISPR Cas
per dose administered as, for example, a bolus intravenous infusion may be contemplated.
{00289] In vet another embodiment, a SNALP may comprise synthetic cholesterol (Sigma-
Aldrich), 1,2-distearoyl-sn-glycero-3-phosphocholine (DSPC; Avanti Polar Lipids Inc.}), PEG-
cDMA, and 1 2-dilinoleyloxy-3-(N;N-dimethylyaminopropane (DLinDMA) (see, e.g., Judge, J.
Chin. Invest. 119:661-673 (2009)). Formulations used for in vivo studies may comprise a final
lipid/RNA mass ratio of about 9:1.

{00290] The safety profile of RNAI nanomedicines has been reviewed by Barros and Gollob
of Alnylam Pharmaceuticals (see, e.g., Advanced Drug Delivery Reviews 64 (2012) 1730-1737).
The stable nucleic acid lipid particle (SNALP) is comprised of four different lipids — an
ionizable lipid (DLinDBMA) that is cationic at low pH, a neutral helper lipid, cholestero], and a
diffusible polyethylene glveol (PEG)-lipid. The particle is approximately 80 nm in diameter and
is charge-neutral at physiologic pH. During formulation, the ionizable lipid serves to condense
lipid with the anionic RNA during particle formation. When positively charged under
increasingly acidic endosomal conditions, the ionizable lipid also mediates the fusion of SNALP
with the endosomal membrane enabling release of RINA into the cytoplasm. The PEG-lipid
stabilizes the particle and reduces aggregation during formulation, and subsequently provides a
neutral hydrophilic exterior that improves pharmacokinetic properties.

{00291] To date, two clinical programs have been initiated using SNALP formulations with
RNA. Tekmira Pharmaceuticals recently completed a phase I single-dose study of SNALP-ApoB
in adult volunteers with elevated LDL cholesterol. ApoB is predominantly expressed in the liver
and jejunum and is essential for the assembly and secretion of VLDBL and LDL. Seventeen
subjects received a single dose of SNALP-ApoB (dose escalation across 7 dose levels). There
was no evidence of hiver toxicity (anticipated as the potential dose-limiting toxicity based on
preclinical studies). One (of two) subjects at the highest dose experienced flu-like symptoms
consistent with immune system stimulation, and the decision was made to conclude the trial.
{60292]  Alnyilam Pharmaceuticals has similarly advanced ALN-TTRO1, which employs the
SNALP technology described above and targets hepatocyte production of both mutant and wild-
type TTR to treat TTR amyloidosis {ATTR). Three ATTR syndromes have been described:
familial amyloidotic polyneuropathy (FAP) and familial amyloidotic cardiomyopathy (FAC) —

both caused by autosomal dominant mutations in TTR; and senile systemic amylotdosis (S5A)
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cause by wildtype TTR. A placebo-controlled, single dose-escalation phase T trial of ALN-
TTRO1 was recently completed in patients with ATTR. ALN-TTRO1 was administered as a 15-
minute IV infusion to 31 patients (23 with study drug and 8 with placebo) within a dose range of
0.01 to 1.0 mg/kg (based on siRNA). Treatment was well tolerated with no significant increases
in liver function tests. Infusion-related reactions were noted in 3 of 23 patients at>0 4 mg/kg; all
responded to slowing of the infusion rate and all continued on study. Minimal and transient
elevations of serum cytokines fL-6, IP-10 and IL.-1ra were noted in two patients at the highest
dose of 1 mg/kg (as anticipated from prechinical and NHP studies). Lowering of serum TTR, the
expected pharmacodynamics effect of ALN-TTRO1, was observed at T mg/kg.

{60293] In vet another embodiment, a SNALP may be made by solubilizing a catiomie lipid,
DSPC, cholesterol and PEG-lipid eg., in ethanol, eg., at a molar ratio of 40:10:40:10,
respectively (see, Semple et al, Nature Niotechnology, Volume 28 Number 2 February 2010, pp.
172-177). The lipid mixture was added to an aqueous buffer (50 mM citrate, pH 4) with mixing
to a final ethanol and lipid concentration of 30% (vol/vol) and 6.1 mg/mi, respectively, and
allowed to equilibrate at 22 °C for 2 min before extrusion. The hydrated lipids were extruded
through two stacked 80 nm pore-sized filters (Nuclepore} at 22 °C using a Lipex Extruder
{Northern Lipids) until a vesicle diameter of 70-90 nm, as determined by dynamic light
scattering analysis, was obtained. This generally required 1-3 passes. The siRNA (solubilized in
a 50 mM citrate, pH 4 aqueous solution containing 30% ethanol) was added to the pre-
equilibrated (35 °C) vesicles at a rate of ~5 ml/min with mixing. After a final target siRNA/lipid
ratio of 0.06 (wt/wt) was reached, the mixture was incubated for a further 30 min at 35 °C to
allow vesicle reorganization and encapsulation of the siRNA. The ethanol was then removed and
the external buffer replaced with PBS (155 mM NaCl, 3 mM Na,HPOy, 1 mM KH,PO,, pH 7.5)
by either dialysis or tangential flow diafiltration. siRNA were encapsulated in SNALP using a
controtled step-wise dilution method process. The lipid constituents of KC2-SNALP were DLin-
KC2-DMA {cationic lipid), dipalmitoylphosphatidylcholine (DPPC; Avanti Polar Lipids),
synthetic cholesterol (Sigma) and PEG-C-DMA used at a molar ratio of 57.1:7.1:.34.3:1 4. Upon
formation of the loaded particles, SNALP were dialyzed against PBS and filter sterilized through
a 0.2 um filter before use. Mean particle sizes were 75-85 nm and 90-95% of the stRNA was
encapsulated within the lipid particles. The final siRNA/lipid ratio in formulations used for in

vivo testing was ~0.15 (wit/wt). LNP-siRNA systems containing Factor VI siRNA were diluted
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to the appropriate concentrations in sterile PBS immediately before use and the formulations
were administered intravenocusly through the lateral tail vein in a total volume of 10 ml/kg This
method and these delivery systems may be extrapolated to the CRISPR Cas system of the present
invention.

Other Lipids

{00294]  Other cationic lipids, such as amino lipid 2,2-dilinoleyl-4-dimethylaminoethvi-{1,3]-
dioxolane (DLin-KC2-DMA) may be utilized to encapsulate CRISPR Cas or components thereof
or nucleic acid molecule(s) coding therefor e g, similar to SiRNA (see, e.g., Javaraman, Angew.
Chem. Int. Ed. 2012, 51, 8529 -8533), and hence may be employed in the practice of the
invention. A preformed vesicle with the following lipid composition may be contemplated:
amino hpid, distearoylphosphatidylcholine (DSPC), cholesterol and (R)-2,3-bis{octadecyloxy)
propyl-1-(methoxy poly(ethylene glycol}2000)propvlcarbamate (PEG-lipid) in the molar ratio
40/10/40/10, respectively, and a FVIH siRNA/total hipid ratio of approximately 0.05 (w/w). To
ensure a narrow particle size distribution in the range of 70-90 nm and a low polvdispersity
index of 0.11+0.04 (n=56), the particles may be extruded up to three times through 80 nm
membranes prior to adding the CRISPR Cas RNA. Particles containing the highly potent amino
lipid 16 may be used, in which the molar ratio of the four lipid components 16, DSPC,
cholesterol and PEG-lipid (50/10/38 5/1.5) which may be further optimized to enhance in vivo
activity.

[00295] Michael S D Kormann et al. ("Expression of therapeutic proteins after delivery of
chemically modified mRNA in mice: Nature Bioctechnology, Volume:29, Pages: 154-157
(2011)) describes the use of lipid envelopes to deliver RNA. Use of lipid envelopes is also
preferred in the present invention.

{00296]  In another embodiment, lipids may be formulated with the CRISPR Cas gsystern of the
present invention to form lipid snanoparticles (LINPs). Lipids include, but are not limited to,
DLin-KC2-DMA4, C12-200 and colipids disteroylphosphatidyl choline, cholesterol, and PEG-
DMG may be formulated with CRISPR Cas instead of siRNA (see, e.g, Novobrantseva,
Molecular Therapy—Nucleic Acids {(2012) 1, e4; doi:10.1038/mtna.2011.3) using a spontaneous
vesicle formation procedure. The component molar ratio may be about S0/10/38.5/1.5 (DLin-
KC2-DMA  or (C12-200/disteroylphosphatidyl  choline/cholesterol/PEG-DMG).  The final
lipid:siRNA weight ratio may be ~12:1 and 91 in the case of DLin-KC2-DMA and C12-200
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lipid nanoparticles (LNPs), respectively. The formulations may have mean particle diameters of
~80 nm with >90% entrapment efficiency. A 3 mg/kg dose may be contemplated.

{00297] Tekmira has a portfolio of approximately 95 patent families, in the U.S. and abroad,
that are directed to various aspects of LNPs and LNP formulations {see, e.g., U.8. Pat. Nos.
7,082,027, 7,799,565; 8,058,069 87283333 7.001,708; 7,745,651; 7.803,397. 8.101,741;
3,188,263, 7,915,399, 8,236,943 and 7,838,658 and European Pat. Nos 1766035, 1519714,
1781593 and 1664316), all of which may be used and/or adapted to the present invention.
{00298] The CRISPR Cas system or componeunts thereot or nucleic acid molecule(s) coding
therefor may be delivered encapsulated in PLGA Microspheres such as that further described in
US published applications 20130252281 and 20130245107 and 20130244279 (assigned to
Moderna Therapeutics) which relate to aspects of formulation of compositions comprising
modified mucleic acid molecules which may encode a protein, a protein precursor, or a partially
or fully processed form of the protein or a protein precursor. The formulation may have a molar
ratio 50:10:38.5:1.5-3.0 (cationic lipid:fusogenic lipid:.cholesterol . PEG lipid). The PEG lipid
may be selected from, but is not Himited to PEG-¢c-DOMG, PEG-DMG. The fusogenic lipid may
be DSPC. See also, Schrum et al., Delivery and Formulation of Engineered Nucleic Acids, US
published application 20120251618,

{060299] Nanomerics’ technology addresses bioavailability challenges for a broad range of
therapeutics, including low molecular weight hydrophobic drugs, peptides, and nucleic acid
based therapeutics (plasmid, siRNA, miRNA}. Specific administration routes for which the
technology has demonstrated clear advantages include the oral route, transport across the blood-
brain-barrier, delivery to solid tumours, as well as to the eye. See, e g, Mazza et al, 2013, ACS
Nano. 2013 Feb 26;7(2):1016-26; Uchegbu and Siew, 2013, J Pharm Sci. 102(2):305-10 and
Lalatsa et al., 2012, J Control Release. 2012 Jul 20; 161(2):523-36.

18030¢0]  US Patent Publication No. 20050019923 describes cationic dendrimers for delivering
bioactive molecules, such as polynucleotide molecules, peptides and polypeptides and/or
pharmaceutical agents, to a mammalian body. The dendrimers are suitable for targeting the
delivery of the biocactive molecules to, for example, the liver, spleen, lung, kidney or heart {or
even the brain). Dendrimers are synthetic 3-dimensional macromolecules that are prepared in a
step-wise fashion from simple branched monomer units, the nature and functionality of which

can be easily controlled and varied. Dendrimers are synthesised from the repeated addition of
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building blocks to a multifunctional core {divergent approach to synthesis), or towards a
multifunctional core {convergent approach to synthesis) and each addition of a 3-dimensional
shell of building blocks leads to the formation of a higher generation of the dendrimers.
Polypropvienimine dendrimers start from a diaminobutane core to which is added twice the
number of amino groups by a double Michael addition of acrylonitrile to the primary amines
followed by the hydrogenation of the nitriles. This results in a doubling of the amino groups.
Polypropylenimine dendrimers contain 100% protonable nitrogens and up to 64 terminal amino
groups {generation S, DAB 64). Protonable groups are usually amine groups which are able to
accept protons at neutral pH. The use of dendrimers as gene delivery agents has largely focused
on the use of the polyamidoamine. and phosphorous containing compounds with a mixture of
amine/amide or N--P{{(3;}S as the conjugating units respectively with no work being reported on
the use of the lower generation polypropylenimine dendrimers for gene delivery.
Polypropvienimine dendrimers have also been studied as pH sensitive controlled release systems
for drug delivery and for their encapsulation of guest molecules when chemically modified by
peripheral amino acid groups. The cytotoxicity and interaction of polypropylenimine dendrimers
with DNA as well as the transfection efficacy of DAB 64 has also been studied.

{00301] US Patent Publication No. 20050019923 is based upon the observation that, contrary
to earlier reports, cationic dendrimers, such as polypropylenimine dendrimers, display suitable
properties, such as specific targeting and low toxicity, for use in the targeted delivery of
bicactive molecules, such as genetic material. In addition, derivatives of the cationic dendrimer
also display suitable properties for the targeted delivery of bioactive molecules. See also,
Bioactive Polymers, US published application 20080267903, which discloses "Various
polymers, including cationic polyamine polymers and dendrimeric polymers, are shown to
possess anti-proliferative activity, and may therefore be useful for treatment of disorders
characterised by undesirable cellular proliferation such as neoplasms and tumours, inflammatory
disorders (including autoimmune disorders), psoriasis and atherosclerosis. The polymers may be
used alone as active agents, or as delivery vehicles for other therapeutic agents, such as drug
molecules or nucleic acids for gene therapy. In such cases, the polymers' own intrinsic anti-
tumour activity may complement the activity of the agent to be delivered.” The disclosures of
these patent publications may be employed in conjunction with herein teachings for delivery of

CRISPR Cas system(s) or component(s) thereof or nucleic acid molecule(s) coding therefor.
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{60302] In an aspect the invention provides a (non-naturally occurring or engineered)
inducible CRISPR protein according to the invention as described herein (CRISPR-Cas system),
comprising:
a first CRISPR protein fusion coustruct attached to a first half of an inducible dimer and
a second CRISPR protein fusion construct attached to a second half of the inducible dimer,

wherein the first Cpfl fusion construct ts operably linked to one or more nuclear
localization signals,

wherein the second CRISPR protein fusion construct is operably linked to one or more
nuclear export signals,

wherein contact with an inducer energy source brings the first and second halves of the
inductble dimer together,

wherein bringing the first and second halves of the inducible dimer together allows the
first and second CRISPR protein fusion constructs to constitute a functional CRISPR protein
{optionally wherein the CRISPR-Cas systemn comprises a guide RNA (gRNA) comprising a
guide sequence capable of hybridizing to a target sequence in a genomic locus of interest in a
cell, and

wherein the functional CRISPR-Cas system binds to the target sequence and, optionally,
edits the genomic lfocus to alter gene expression}.
{00303] In an agpect of the invention in the inducible CRISPR-Cas system, the inducible
dimer is or comprises or consists essentially of or consists of an inducible heterodimer. In an
aspect, in inducible CRISPR-Cas system, the first half or a first portion or a first fragment of the
inducible heterodimer is or comprises or counsists of or consists essentially of an FKBP,
optionally FKBP12. In an aspect of the invention, in the inducible CRISPR-Cas system, the
second half or a second portion or a second fragment of the inducible heterodimer 15 or
comprises or consists of or consists essentially of FRB. In an aspect of the invention, in the
inducible CRISPR-Cas system, the arrangement of the first CRISPR fusion coustruct is or
comprises or consisis of or consists essentially of N7 terminal CRISPR part-FRB-NES. In an
aspect of the invention, in the inducible CRISPR-Cas system, the arrangement of the first CRISP
fusion construct 1s or comprises or consists of or consists essentially of NES-N” terminal CRISP
part-FRB-NES. In an aspect of the invention, in the inducible CRISPR-Cas system, the

arrangement of the second CRISP fusion construct is or comprises or consists essentially of or
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consists of 7 terminal CRISP part-FKBP-NLS. In an aspect the invention provides in the
inducible Cpf1 CRISPR-Cas system, the arrangement of the second CRISP fusion construct is or
comprises or consists of or consists essentially of NLS-C’ terminal CRISP part-FKBP-NLS. In
an aspect, it inducible CRISPR-Cas system there can be a linker that separates the CRISP part
from the half or portion or fragment of the inducible dimer. In an aspect, in the mnducible
CRISPR-Cas system, the inducer energy source is or comprises or consisis essentially of or
consists of rapamycin. In an aspect, in inducible CRISPR-Cas system, the inducible dimer is an
inducible homodimer. In an aspect, in an inducible Cpfl CRISPR-Cas system, the Cpfl is
AsCpfl, LbCpfl or FnCpfl.
{00304] In an aspect, the wvention provides a {(non-naturally occurring or engineered)
inducible CRISPR-Cas system, comprising!
a first CRISPR fusion construct attached to a first half of an inducible heterodimer and
a second CRISPR fusion consiruct attached to a second half of the inducible heterodimer,

wherein the first CRISPR fusion construct is operably linked to one or more nuclear
focalization signals,

wherein the second CRISPR fusion construct is operably linked to a nuclear export
signal,

wherein contact with an inducer energy source brings the first and second halves of the
inducible heterodimer together,

wherein bringing the first and second halves of the inducible heterodimer together allows
the first and second CRISPR fusion constructs to constitute a functional CRISPR (optionally
wherein the CRISPR-Cas system comprises a guide RNA (gRNA) comprising a guide sequence
capable of hybridizing to a target sequence in a genomic locus of interest in a celi, and

wherein the functional CRISPR-Cas system edits the genomic locus to alter gene
expression).
{00305]  Accordingly, the invention comprehends infer alic homodimers as well as
heterodimers, dead-CRISPR or CRISPR protein having essentially no nuclease activity, eg.,
through mutation, systems or complexes wherein there is one or more NLS and/or one or more
NES; functional domain(s}) linked to split Cas9;, methods, including methods of treatment, and

HSES.
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{00306] An inducer energy source may be considered to be simply an inducer or a dimerizing
agent. The term ‘inducer energy source’ is used herein throughout for consistency. The inducer
energy source {(or inducer) acts to reconstitute the enzyme. In some embodiments, the inducer
energy source brings the two parts of the enzyme together through the action of the two halves of
the inducible dimer. The two halves of the inducible dimer therefore are brought tougher in the
presence of the inducer energy source. The two halves of the dimer will not form into the dimer
(dimerize) without the inducer energy source.

{60307]  Thus, the two halves of the inducible dimer cooperate with the inducer energy source
to dimerize the dimer. This in turn reconstitutes the CRISPR by bringing the first and second
parts of the CRISPR together.

{00308] The CRISPR protein fusion constructs each comprise one part of the split CRISPR
proteinn. These are fused, preferably via a linker such as a GlySer linker described herein, to one
of the two halves of the dimer. The two halves of the dimer may be substantially the same two
monomers that together that form the homodimer, or they may be different monomers that
together form the heterodimer. As such, the two monomers can be thought of as one half of the
full dimer.

{00309] The CRISPR protein is split in the sense that the two parts of the CRISPR protein
enzyme substantially comprise a functioning CRISPR protein. That CRISPR protein may
function as a genome editing enzyme (when forming a complex with the target DNA and the
guide), such as a nickase or a nuclease (cleaving both strands of the DNA), or it may be a dead-
CRISPR protein which is essentially a DNA-binding protein with very little or no catalytic
activity, due to typically mutation(s) in its catalytic domains.

{060310] The two parts of the split CRISPR protein can be thought of as the N7 terminal part
and the C terroinal part of the split CRISPR protein. The fusion is typically at the split point of
the CRISPR protein. In other words, the C terminal of the N terminal part of the split CRISPR
protein s fused to one of the dimer halves, whilst the N’ terminal of the C termunal part is fused
to the other dimer half.

{00311] The CRISPR protein does not have to be split in the sense that the break is newly
created. The split point is typically designed in silico and cloned into the constructs. Together,
the two parts of the split CRISPR protein, the N’ terminal and C’ terminal parts, form a full

CRISPR protein, comprising preferably at least 70% or more of the wildtype amino acids (or
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nucieotides encoding them), preferably at least 80% or more, preferably at least 90% or more,
preferably at least 95% or more, and most preferably at least 99% or more of the wildtype amino
acids {or nucleotides encoding them) Some trimming may be possible, and mutants are
envisaged. Non-functional domains may be removed entirely. What is important is that the two
parts may be brought together and that the desired CRISPR protein function is restored or
reconstituted.

i80312] The dimer may be a homodimer or a heterodimer.

{00313]  One or more, preferably two, NLSs may be used in operable linkage to the first
CRISPR protein construct. One or more, preferably two, NESs may be used in operable linkage
to the first Cpfl construct. The NLSs and/or the NESs preferably flank the split Cptl-dimer (e,
half dimer} fusion, i.e, one NLS may be positioned at the N7 terminal of the first CRISPR
protein construct and one NLS may be at the € terminal of the first CRISPR protein construct.
Similarly, one NES may be positioned at the N’ terminal of the second CRISPR construct and
one NES may be at the C terminal of the second CRISPR construct. Where reference is made to
N or O terminals, it will be appreciated that these cotrespond to 57 ad 37 ends in the
corresponding nucleotide sequence.

{00314] A preferred arrangement 1s that the first CRISPR protein construct is arranged 5°-
NLS-(IW terminal CRISPR protein part)-linker-(first half of the dimer)-NLS8-3". A preferred
arrangement is that the second CRISPR protein construct is arranged 5°-NES--(second half of the
dimer)-linker-{C’ terminal CRISPR protein part)-NES-3". A suitable promoter is preferably
upstream of each of these constructs. The two constructs may be delivered separately or together.
{00315]  In some embodiments, one or all of the NES(s} in operable linkage to the second
CPf1 construct may be swapped out for an NLS. However, this may be typically not preferred
and, in other embodiments, the localization signal in operable linkage to the second Cpfl
construct is one or more NES(s).

{00316] It will also be appreciated that the NES may be operably linked to the N7 terminal
fragment of the split CRISPR protein and that the NLS may be operably linked to the O terminal
fragment of the sphit CRISPR protein. However, the arrangement where the NLS is operably
linked to the N’ terminal fragment of the split Cpfl and that the NES is operably linked to the O’

terminal fragment of the split CRISPR protein may be preferred.

103



WO 2018/191750 PCT/US2018/027793

{60317] The NES functions to localize the second CRISPR protein fusion construct outside of
the nucleus, at least until the inducer energy source is provided {e.g., at least until an energy
source is provided to the inducer to perform its function). The presence of the inducer stimulates
dimerization of the two CRISPR protein fusions within the cytoplasm and makes it
thermodynamically worthwhile for the dimerized, first and second, CRISPR protein fusions to
localize to the nucleus. Without being bound by theory, Applicants believe that the NES
sequesters the second CRISPR protein fusion to the cytoplasm (i.e., outside of the nucleus). The
NLS on the first CRISPR protein fusion localizes it to the nucleus. In both cases, Applicants use
the NES or NLS to shift an equilibrium (the equilibrium of nuclear transport) to a desired
direction. The dimerization typically occurs outside of the nucleus (a very small fraction might
happen in the nucleus) and the NLSs on the dimerized complex shift the equilibrium of nuclear
transport to nuclear localization, so the dimerized and hence reconstituted CRISPR protein enters
the nucleus.

{00318] Beneficially, Applicants are able to reconstitute function in the split CRISPR protein.
Transient transfection 1s used to prove the concept and dimerization occurs in the background in
the presence of the inducer energy source. No activity is seen with separate fragments of the
CRISPR protein. Stable expression through lentiviral delivery is then used to develop this and
show that a split CRISPR protein approach can be used.

{60319] Thus present split CRISPR protein approach is beneficial as it allows the CRISPR
protetn activity to be inducible, thus allowing for temporal control. Furthermore, different
localization sequences may be used (i.e., the NES and NLS as preferred) to reduce background
activity from auto-assembled complexes. Tissue specific promoters, for example one for each of
the first and second CRISPR protein fusion constructs, may also be used for tissue-specific
targeting, thus providing spatial control. Two different tissue specific prormoters may be used to
exert a finer degree of control if required. The same approach may be used in respect of stage-
specific promoters or there may a mixture of stage and tissue specific promoters, where one of
the first and second Cpfl fusion constructs is under the control of (i.e. operably linked to or
comprises) a tissue-specific promoter, whilst the other of the first and second Coptl fusion
constructs is under the control of (i.e. operably linked to or comprises) a stage-specific promoter.
{00320] The inducible CRISPR protein CRISPR-Cas system comprises one or more nuclear

localization sequences {NLSs), as described herein, for example as operably linked to the first
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CRISPR protein fusion construct. These nuclear localization sequences are ideally of sufficient
strength to drive accumulation of said first CRISPR protein fusion construct in a detectable
amount in the nucleus of a eukaryotic cell. Without wishing to be bound by theory, it is believed
that a nuclear localization sequence is not necessary for CRISPR-Cas complex activity in
eukaryotes, but that including such sequences enhances activity of the system, especially as to
targeting nucleic actd molecules in the nucleus, and assists with the operation of the present 2-
part system.

{00321] Equally, the second CRISPR protein tusion construct is operably linked to a nuclear
export sequence (NES). Indeed, it may be linked to one or more nuclear export sequences. In
other words, the number of export sequences used with the second CRISPR protein fusion
construct is preferably 1 or 2 or 3. Typically 2 is preferred, but 1 is encugh and so is preferred in
some embodiments. Suitable examples of NLS and NES are known in the art. For example, a
preferred nuclear export signal (NES) is human protetn tyrosin kinase 2. Preferred signals will be
species specific.

{60322] Where the FRB and FKBP system are used, the FKBP is preferably flanked by
nuclear localization sequences (NLSs). Where the FRB and FKBP system are used, the
preferred arrangement is N terminal CRISPR protein — FRB — NES 7 terminal Cptl-
FKBP-NLS. Thus, the first CRISPR protein fusion construct would comprise the € terminal
CRISPR protein part and the second CRISPR protein fusion construct would comprise the N’
terminal CRISPR protein part.

{00323]  Another beneficial aspect to the present invention is that it may be turned on quickly,
i.e. that is has a rapid response. It is believed, without being bound by theory, that CRISPR
protein activity can be induced through dimerization of existing {(already present}) fusion
constructs (through contact with the inducer energy source) more rtapidly than through the
expression {especially translation) of new fusion constructs. As such, the first and second
CRISPR protein fusion constructs may be expressed in the target cell abead of time, 1.¢. before
CRISPR protein activity is required. CRISPR protetn activity can then be temporally controlied
and then quickly constituted through addition of the inducer energy source, which ideally acts
more quickly (1o dimerize the heterodimer and thereby provide CRISPR protein activity) than
through expression (including induction of transcription) of CRISPR protein delivered by a

vector, for example.



WO 2018/191750 PCT/US2018/027793

{60324] Applicants demonstrate that CRISPR protein can be split into two components, which
reconstitute a functional nuclease when brought back together. Employing rapamycin sensitive
dimerization domains, Applicants generate a chemically inducible CRISPR protein for temporal
control of CRISPR protein -mediated genome editing and transcription modulation. Put another
way, Applicants demonstrate that CRISPR protein can be rendered chemically inducible by
being split into two fragments and that rapamycin-sensitive dimerization domains may be used
for controlled reassembly of the CRISPR protein. Applicants show that the re-assembled
CRISPR protein may be used to mediate genome editing {(through nuclease/nickase activity) as
well as transcription modulation (as a DNA-binding domain, the so-called “dead CRISPR
protein”).

{00325] As such, the use of rapamycin-sensitive dimerization domains i3 preferred.
Reassembly of the CRISPR protein is preferred. Reassembly can be determined by restoration
of binding activity. Where the CRISPR protein is a nickase or induces a double-strand break,
suitable comparison percentages compared to a wildtype are described herein.

{00326] Rapamycin treatments can last 12 days. The dose can be 200nM. This temporal
and/or molar dosage is an example of an appropriate dose for Human embryonic kidney 293FT
(HEK293FT) cell lines and this may also be used in other cell lines. This figure can be
extrapolated out for therapeutic use in vivo into, for example, mg/kg However, it is also
envisaged that the standard dosage for administering rapamycin to a subject 1s used here as well.
By the “standard dosage”, it is meant the dosage under rapamycin’s normal therapeutic use or
primary indication (i.e. the dose used when rapamycin is administered for use to prevent organ
rejection).

{00327] It is noteworthy that the preferred arrangement of CRISPR protein -FRB/FKBP
pieces are separate and inactive untll rapamycin-induced dimerization of FRB and FKBP results
in reassembly of a functional full-length CRISPR protein nuclease. Thus, it is preferred that first
CRISPR protein fusion construct attached to a first half of an inducible heterodimer 1s delivered
separately and/or 13 localized separately from the second Cpfl fusion counstruct attached to a first
half of an inducible heterodimer.

{60328] To sequester the CRISPR protein (N}-FRB fragment in the cytoplasm, where it is less
likely to dimerize with the nuclear-localized Cpfi{C)-FKBP fragment, it 1s preferable to use on

CRISPR. protein (N)-FRB a single nuclear export sequence (NES) from the human protein
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tyrosin kinase 2 (CRISPR protein (N)-FRB-NES). In the presence of rapamycin, CRISPR
protein (N}FRB-NES dimerizes with CRISPR protein (C)-FKBP-2xNLS to reconstitute a
complete CRISPR protein, which shifts the balance of nuclear trafficking toward nuclear truport
and allows DNA targeting.

{60329] With respect to general information on CRISPR-Cas Systems, components thereof,
and delivery of such components, inchuding methods, materials, delivery vehicles, vectors,
particles, AAV, and making and using thereof, including as to amounts and formulations, all
useful in the practice of the instant invention, reference is made to: US Patents Nos. §,999,041,
8093233, 8045839, 8032814, 89006616, 8895308, 8889418 8889356 8871445,
8,865,406, 8,795,965, 8,771,945 and 8,697,359; US Patent Publications US 2014-0310830 (US
APP. Ser. No. 14/105,031), US 2014-0287938 Al (U.S. App. Ser. No. 14/213,9913}, US 2014~
0273234 Al (US. App. Ser. No. 14/293,674), US2014-0273232 Al (US. App. Ser. No.
14/290,575), US 2014-0273231 (U.S. App. Ser. No. 14/259,4203, US 2014-0256046 A1 (U.S.
App. Ser. No. 14/226.274), US 2014-0248702 Al (US. App. Ser. No. 14/258,458), US 2014-
02427060 Al (UK. App. Ser. No. 14/222930), US 2014-0242699 Al (U.S. App. Ser. No.
14/183,512), US 2014-0242664 A1 (U.S. App. Ser. No. 14/104,990), US 2014-0234972 Al
(U.S. App. Ser. No. 14/183.471), US 2014-0227787 Al (US. App. Ser. No. 14/256,912), US
2014-0189896 Al (U.S. App. Ser. No. 14/105,035), US 2014-0186958 (U.S. App. Ser. No.
14/105,017), US 2014-0186919 A1 (U.S. App. Ser. No. 14/104.977), US 2014-0186843 Al
(U.S. App. Ser. No. 14/104,900), US 2014-0179770 AT (U.S. App. Ser. No. 14/104,837) and US
2014-0179006 Al (U.S. App. Ser. No. 14/183 486), US 2014-0170753 (US App Ser No
14/183 429), European Patents EP 2 784 162 Bl and EP 2 771 468 Bl European Patent
Applications EP 2 771 468 (EP13818570.7), EP 2 764 103 {(EP13824232.6), and EP 2 784 162
(EP14170383.5);, and PCT Patent Publications PCT Patent Publications WO 2014/093661
(PCT/US2013/074743), WO 2014/093694  (PCT/US2013/074790), WO 2014/093595
(PCT/US2013/074611), WO 2014/093718  (PCT/US2013/074825), WO 2014/093709
(PCT/US2013/074812), WO 2014/093622 (PCT/US2013/074667), WO 2014/093635
(PCT/US2013/074691), WO  2014/093655 (PCT/US2013/074736), WO 2014/093712
(PCT/US2013/074819), WO  2014/093701  (PCT/USZ013/074800), WO 2014/018423
(PCT/US2013/051418), WO 2014/204723 (PCT/US2014/041790), WO  2014/204724
(PCT/US2014/041800), WO  2014/204725 (PCT/US2014/041303), WO  2014/204726

98]
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(PCT/US2014/041804), WO 2014/204727 (PCT/US2014/041806), WO  2014/204728
(PCT/US2014/041808), WO 2014/204729 (PCT/US2014/041809). Reference is also made to US
provisional patent applications 61/758,468; 61/802,174; 61/806,375; 61/814,263; 61/819 803 and
61/828,130, filed on January 30, 2013, March 15, 2013; March 28, 2013, April 20, 2013; May 0,
2013 and May 28, 2013 respectively. Reference is also made to US provisional patent
application 61/836,123, filed on June 17, 2013, Reference is additionally made to US provisional
patent applications 61/835,931, 61/835,936, 61/836,127, 61/836, 101, 61/836,080 and
61/835,973, each filed June 17, 2013. Fusther reference is made to US provisional patent
applications 01/862,408 and 61/862 355 filed on August 5, 2013; 61/871,301 filed on August 28,
2013; 61/960,777 filed on September 25, 2013 and 61/961,980 filed on October 23, 2013,
Reference is yet further made to: PCT Patent applications Nos: PCT/US2014/041803,
PCT/US2014/041800, PCT/US2014/041809, PCT/US2014/041804 and PCT/US2014/041806,
each filed June 10, 2014 ¢6/10/14;, PCT/US2014/041808 filed June 11, 2014, and
PCT/US2014/62558 tiled October 28, 2014, and US Provisional Patent Applications Serial Nos.:
61/915,150, 61/915,301, 61/915,267 and 61/915.260, each filed December 12, 2013; 61/757,972
and 61/768,959, filed on January 29, 2013 and February 25, 2013; 61/835,936, 61/836,127,
61/836.101, 61/836,080, 61/835,973, and 61/835,931, filed June 17, 2013; 62/010,888 and
62/010,879, both filed June 11, 2014, 62/010,329 and 62/010,441, ecach filed June 10, 2014;
61/939,228 and 61/939,242, each filed February 12, 2014; 61/980,012, filed Apnil 15,2014,
62/038,358, filed August 17, 2014; 62/054,490, 62/055,484, 62/055,460 and 62/055,487, each
filed September 25, 2014; and 62/069,243, filed October 27, 2014, Reference is also made to US
provisional patent applications Nos. 62/055,484, 62/055,460, and 62/055,487, filed September
25, 2014; US provisional patent application 061/980,012, filed April 15, 2014; and US provisional
patent application 61/939,242 filed February 12, 2014, Reference is made to PCT application
designating, inter alia, the United States, application No. PCT/US14/41806, filed June 10, 2014
Reference s made to US provisional patent application 61/930,214 filed on January 22, 2014
Reference is made to US provisional patent applications ©61/915251; 61/915,260 and
61/915,267, each filed on December 12, 2013 Reference is made to US provisional patent
application USSN 61/980,012 filed April 15, 2014, Reference is made to PCT application
designating, inter alia, the United States, application No. PCT/US14/41806, filed June 10, 2014

Reference s made to US provisional patent application 61/930,214 filed on January 22, 2014
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Reference 15 made to US provisional patent applications 61/915251; 61/915,260 and
61/915,267, each filed on December 12, 2013,

{00330] Mention is also made of US application 62/091,455 filed, 12-Dec-14, PROTECTED
GUIDE RNAS (PGRNAS), US application 62/096,708, 24-Dec-14, PROTECTED GUIDE
RIMNAS (PGRNAS);, US application 62/091,462, 12-Dec-14, DEAD GUIDES FOR CRISPR
TRANSCRIPTION FACTORS; US application 62/096,324, 23-Diec-14, BEAD GUIDES FOR
CRISPR TRANSCRIPTION FACTORS,; US application 62/091,456, 12-Dec-14, ESCORTED
AND FUNCTIONALIZED GUIDES FOR CRISPR-CAS SYSTEMS; US application
62/091,461, 12-Dec-14, DELIVERY, USE AND THERAPEUTIC APPLICATIONS OF THE
CRISPR-CAS SYSTEMS AND COMPOSITIONS FOR GENOME EDITING AS TO
HEMATOPOETIC STEM CELLS (HSCs), US application 62/094,903, 19-Dec-14, UNBIASED
IDENTIFICATION OF DOUBLE-STRAND BREAKS AND GENOMIC REARRANGEMENT
BY GENOME-WISE INSERT CAPTURE SEQUENCING; US application 62/096,761, 24-Dec-
14, ENGINEERING OF SYSTEMS, METHODS AND OPTIMIZED ENZYME AND GUIDE
SCAFFOLDS FOR SEQUENCE MANIPULATION,; US application 62/093,059, 30-Dec-14,
RNA-TARGETING SYSTEM; US application 62/096,656, 24-Dec-14, CRISPR HAVING OR
ASSOCIATED WITH DESTABILIZATION DOMAINS; US application 62/096,697, 24-Dec-
14, CRISPR HAVING OR ASSOCIATED WITH AAV; US application 62/098,158, 30-Dec-14,
ENGINEERED CRISPR COMPLEX INSERTIONAL TARGETING SYSTEMS; US
application 62/151,052, 22-Apr-15, CELLULAR TARGETING FOR EXTRACELLULAR
EXOSOMAL REPORTING; US apphcatmn 62/054,490, 24-Sep-14, DELIVERY, USE AND
THERAPEUTIC APPLICATIONS OF THE CRISPR-CAS SYSTEMS AND COMPOSITIONS
FOR TARGETING DISORDERS AND DISEASES USING PARTICLE DELIVERY
COMPONENTS; US apphication 62/055,484, 25-Sep-14, SYSTEMS, METHODS AND
COMPOSITIONS FOR SEQUENCE MANIPULATION WITH OPTIMIZED FUNCTIONAL
CRISPR-CAS SYSTEMS; US application 62/087,537, 4-Dec-14, SYSTEMS, METHODS AND
COMPOSITIONS FOR SEQUENCE MANIPULATION WITH OPTIMIZED FUNCTIONAL
CRISPR-CAS SYSTEMS; US application 62/054,651, 24-Sep-14, DELIVERY, USE AND
THERAPEUTIC APPLICATIONS OF THE CRISPR-CAS SYSTEMS AND COMPOSITIONS
FOR MODELING COMPETITION OF MULTIPLE CANCER MUTATIONS IN VIVO; US
application 62/067,886, 23-Oct-14, DELIVERY, USE AND THERAPEUTIC APPLICATIONS
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OF THE CRISPR-CAS  SYSTEMS AND  COMPOSITIONS FOR  MODELING
COMPETITION OF MULTIPLE CANCER MUTATIONS IN VIVO, US application
62/054,675, 24-Sep-14, DELIVERY, USE AND THERAPEUTIC APPLICATIONS OF THE
CRISPR-CAS SYSTEMS AND COMPOSITIONS IN NEURONAL CELLS/TISSUES; US
application 62/054,528, 24-Sep-14, DELIVERY, USE AND THERAPEUTIC APPLICATIONS
OF THE CRISPR-CAS SYSTEMS AND COMPOSITIONS IN IMMUNE DISEASES OR
DISORDERS; US application 62/055,454, 25-Sep-14, DELIVERY, USE AND THERAPEUTIC
APPLICATIONS OF THE CRISPR-CAS SYSTEMS AND COMPOSITIONS FOR
TARGETING DISORDERS AND DISEASES USING CELL PENETRATION PEPTIDES
(CPP); US application 62/055,460, 25-Sep-14, MULTIFUNCTIONAL-CRISPR COMPLEXES
AND/CR OPTIMIZED ENZYME LINKED FUNCTIONAL-CRISPR COMPLEXES; US
application 62/087 475, 4-Dec-14, FUNCTIONAL SCREENING WITH OPTIMIZED
FUNCTIONAL CRISPR-CAS SYSTEMS, US application 62/055,487, 25-Sep-14,
FUNCTIONAL SCREENING WITH OPTIMIZED FUNCTIONAL CRISPR-CAS SYSTEMS;
US  application 62/087,546, 4-Dec-14, MULTIFUNCTIONAL CRISPR COMPLEXES
AND/OR OPTIMIZED ENZYME LINKED FUNCTIONAL-CRISPR COMPLEXES; and US
application 62/098,285, 30-Dec-14, CRISPR MEDIATED IN VIVO MODELING AND
GENETIC SCREENING OF TUMOR GROWTH AND METASTASIS

{00331] Each of these patents, patent publications, and applications, and all documents cited
therein or durtng their prosecution (“appin cited documents”) and all documents cited or
referenced in the appln cited documents, together with any instructions, descriptions, product
specifications, and product sheets for any products mentioned therein or in any document therein
and incorporated by reference herein, are hereby incorporated herein by reference, and may be
employed in the practice of the invention. All documents (e.g., these patents, patent publications
and applications and the appln cited documents) are incorporated herein by reference to the same
extent as if each individual document was specifically and individually indicated to be
incorporated by reference.

{00332]  Also with respect to general information on CRISPR-Cas Systems, mention 1s made

of the following (also hereby incorporated herein by reference):
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» Multiplex genome engineering using CRISPR/Cas systems. Cong, L., Ran, F A, Cox, D,

Lin, 8§, Barrette, R, Habib, N, Hsu, P.D., Wu, X, Jiang, W, Marraffini, L A, & Zhang,
F. Science Feb 15;339(6121):819-23 (2013);

RNA-guided editing of bacterial genomes using CRISPR-Cas systems. liang W., Bikard
D., Cox D, Zhang ¥, Marraffinit LA Nat Biotechnol Mar;31(3):233-9 (2013},

One-Step Generation of Mice Carrying Mutations in Multiple Genes by CRISPR/Cas-
Mediated Genome Engineering. Wang H., Yang H,, Shivalila CS., Dawlaty MM., Cheng
AW | Zhang F, Jaenisch R. Cell May 9;153(4):910-8 (2013},

Optical control of mammalian endogenous transcription and epigenetic states.
Konermann S, Brigham MD, Trevino AE, Hsu PD, Heidenreich M, Cong L, Platt RJ,
Scott DA, Church GM, Zhang F. Nature. Aug 22;500(7463)472-6. doi:
10.1038/Nature12466. Epub 2013 Aug 23 (2013);

Double Nicking by RNA-Guided CRISPR Cas9 for Enhanced Genome Editing
Specificity. Ran, FA, Hsy, PD | Lin, CY., Gootenberg, JS., Konermann, 8., Trevino,
AE., Scott, DA, Inoue, A, Matoba, S., Zhang, Y, & Zhang, F. Cell Aug 28. pii: S0092-
B8674(13)01015-5 (2013-A);

DINA targeting specificity of RNA-guided Cas9 nucleases. Hsu, P, Scott, D., Weinstein,
I, Ran, FA  Konermann, S, Agarwala, V., Li, Y, Fine, E, Wu, X, Shalem, O, Cradick,
TJ., Marraffini, LA, Bao, G, & Zhang, F. Nat Biotechnol doi:10.1038/0bt.2647 (2013);
Genome engineering using the CRISPR-Cas9 system. Ran, FA,, Hsu, PD., Wright, J,
Agarwala, V., Scott, DA | Zhang, F. Nature Protocols Nov;8(11):2281-308 (2013-B);
Genome-Scale CRISPR-Cas9 Knockout Screening in Human Cells. Shalem, (., Sanjana,
NE., Hartenian, E., Shi, X, Scott, DA, Mikkelson, T, Heckl, D, Ebert, BL. Root, DE |
Doench, IG., Zhang, F. Science Dec 12. (2013). [Epub ahead of print];

Crystal structure of cas9 in complex with guide RNA and target DNA. Nishimasu, H |
Ran, FA., Hsu, PD., Konermann, 5, Shehata, SI, Dohmae, N, Ishitani, R, Zhang, F,
Nurekt, O. Cell Feb 27, 156(5):935-49 (2014},

Genome-wide binding of the CRISPR endonuclease Cas9 in mammalian cells. Wu X,
Scott DA, Kriz Al, Chiu AC., Hsu PD, Badon DB, Cheng AW., Trevino AE,
Konermann S, Chen S, Jaenisch R, Zhang F., Sharp PA. Nat Biotechnol. Apr 20. doi:
10.1038/nbt.2889 (2014);
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» CRISPR-Cas? Knockin Mice for Genome Editing and Cancer Modeling. Platt RJ, Chen

8, Zhou Y, Yim MIJ, Swiech L, Kempton HR, Dahlman JE, Parnas O, Fisenhaure TM,
Jovanovic M, Graham DB, Jhunjhunwala S, Heidenreich M, Xavier RJ, Langer R
Anderson DG, Hacohen N, Regev A, Feng G, Sharp PA, Zhang F. Cell 159(2): 440455
DOL 10.1016/1.c11.2014.09.014(2014),

Development and Applications of CRISPR-Cas9 for Genome Hngineering, Hsu PD,
Lander ES, Zhang F.| Cell. Jun 5;157(6):1262-78 (2014).

Genetic screens in human cells using the CRISPR/Cas9 system, Wang T, Wei JI, Sabatini
DM, Lander ES., Science. January 3; 343(6166): 80-84. doi:10.1126/science. 1246981
(2014);

Rational design of highly active sgRNAs for CRISPR-CasS-mediated gene inactivation,
Doench JG, Hartenian E, Graham DB, Tothova Z, Hegde M, Smith [, Sullender M, Ebert
BL, Xavier RJ, Root DE. (published online 3 September 2014) Nat Biotechnol.
Dec;32(12):1262-7 (2014),

» In vivo mterrogation of gene function in the mammalian brain using CRISPR-Cas9,

Swiech L, Heidenreich M, Banerjee A, Habib N, Li Y, Trombetta [, Sur M, Zhang F,
(published online 19 October 2014) Nat Biotechnol. Jan;33¢(1}.102-6 (2015);
Genome-scale transcriptional activation by an engineered CRISPR-Cas9 complex,
Konermann S, Brigham MD, Trevino AE, Joung J, Abudayyeh OO, Barcena C, Hsu PD,
Habib N, Gootenberg IS
29:517(7536):583-8 {2015).

, Nishimasu H, Nureki O, Zhang F., Nature Jan

A split-Cas9 architecture for inducible genome editing and transcription modulation,
Zetsche B, Volz SE, Zhang F., {published online 02 Febmary 2015) Nat Biotechnol.
Feb;33(2):139-42 (2015);

Genome-wide CRISPR Screen in a Mouse Model of Tumor Growth and Metastasis,
Chen 5§, Samjana NE, Zheng K, Shalem O, Lee K, Shi X, Scott DA, Song [, Pan JG,
Weissleder R, Lee H, Zhang F, Sharp PA. Cell 160, 1246-1260, March 12, 2015
{multiplex screen in mouse), and

n vivo genome editing using Staphylococcus aureus Cas9, Ran FA, Cong L, Yan WX,

Scott DA, Gootenberg JS, Kriz AJ, Zetsche B, Shalem O, Wu X, Makarova KS, Koonin
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EV, Sharp PA, Zhang F., (published ouline Ol Aprl 2015), Nature. Apr
9,520(7546):186-91 (2015).

Shalem et al., “High-throughput functional genomics using CRISPR-Cas9” Nature
Reviews Genetics 16, 299-311 (May 2015}

Xu et al, “Sequence determinants of improved CRISPR sgRNNA design” Genome
Research 25, 1147-1157 (August 2015).

Parnas et al., “A Genome-wide CRISPR Screen in Primary Immune Cells to Dissect
Regulatory Networks,” Cell 162, 675-686 (July 30, 2015},

Ramanan et al., CRISPR/Cas9 cleavage of viral DNA efficiently suppresses hepatitis B
virus,” Scientific Reports 5:10833. dot: 10.1038/srep 10833 (June 2, 2015)

Nishimasu et al, “Crystal Structure of Staphyvlococcus aureus Cas9,” Cell 162, 1113-
1126 (Aug. 27, 2015)

Zetsche er al. (2015), “Cpfl is a single RNA-guided endonuclease of a class 2 CRISPR-
Cas systern,” Cell 163, 759-771 (Gct. 22, 2015) doi: 10.1016/1.cell 2015.09 038, Epub
Sep. 25, 2015

Shmakov ef ¢f. (2015), “Discovery and Functional Characterization of Diverse Class 2
CRISPR-Cas Systems,” Molecular Cell 60, 385-397 (Nov. 5, 2015) dout
10,1016/ molcel 2015.10.008. Epub Oct 22, 2015

Dahiman et al., “Orthogonal gene control with a catalytically active CasY nuclease,”
Nature Biotechnology 33, 1159-1161 (November, 2015}

Gao ef af, “Engineered Cpfl Enzymes with Altered PAM Specificities,” bioRxiv 091611;
doi: hitp//dx dot.org/10.1101/091611 Epub Dec. 4, 2016

Smargon et al. (2017}, “Cas13b Is a Type VI-B CRISPR-Associated RNA-Guided RNase
Differentially Regulated by Accessory Proteins Csx27 and Csx28,” Molecular Cell 65,

618-630 (Feb. 16, 2017} doi: 10.1016/5.molcel 2016.12.023. Epub Jan 5, 2017

each of which is incorporated herein by reference, may be considered in the practice of the

instant invention, and discussed briefly below:

S

~

Cong ef al. engineered type II CRISPR-Cas systems for use in eukaryotic cells based on
both Streptococcus thermophilus CasS and also Strepiococcus pyogenes (Cas9 and
demonstrated that CasY nucleases can be directed by short RNAs to induce precise

cleavage of DNA in human and mouse cells. Their study further showed that Cas9 as
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converted into a nicking enzyme can be used to facilitate homology-directed repair n
eukaryotic cells with minimal mutagenic activity. Additionally, their study demonstrated
that multiple guide sequences can be encoded into a single CRISPR array to enable
simultaneous editing of several at endogenous genomic loci sites within the mammalian
genome, demonstrating easy programmability and wide applicability of the RNA-guided
nuclease technology. This ability to use RNA to program sequence specific DNA
cleavage in cells defined a new class of genome engineering tools. These studies further
showed that other CRISPR loci are likely to be transplantable into mammalian cells and
can also mediate mammalian genome cleavage. Importantly, it can be envisaged that
several aspects of the CRISPR-Cas systern can be further improved to increase s
efficiency and versatility.

Hang er al used the clustered, regularly interspaced, short palindromic repeats
{(CRISPR y-associated Cas9 endonuclease complexed with dual-RNAs to introduce
precise mutations in the genomes of Streptococcus prneumoniae and Fscherichia coli. The
approach relied on dual-RNA:CasS-directed cleavage at the targeted genomic site to kill
unmutated cells and circumvents the need for selectable markers or counter-selection
systems. The study reported reprogramming dual-RNA:Cas9 specificity by changing the
sequence of short CRISPR RNA (crRNA) to make single- and multinucleotide changes
carried on editing templates. The study showed that simultaneous use of two crRNAsg
enabled multiplex mutagenesis. Furthermore, when the approach was used in
combination with recombineering, in 5. preumoniae, nearly 100% of cells that were
recovered using the described approach contained the desired mutation, and in £ cofi,
65% that were recovered contained the mutation.

Wang ef af. (2013) used the CRISPR/Cas system for the one-step generation of mice
carrying mutations in multiple genes which were traditionally generated in multiple steps
by sequential recombination in embryonic stem  cells and/or time-consuming
intercrossing of mice with a single mutation. The CRISPR/Cas system will greatly
accelerate the in vivo study of functionally redundant genes and of epistatic gene

interactions.
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Konermann ef al (2013) addressed the need in the art for versatile and robust
technologies that enable optical and chemical modulation of DNA-binding domains
based CRISPR Cas9 enzyme and also Transcriptional Activator Like Effectors

Ran ef al. (2013-A) described an approach that combined a Cas9 nickase mutant with
paired guide RNAs to introduce targeted double-strand breaks. This addresses the issue
of the Cas9 nuclease from the microbial CRISPR-Cas system being targeted to specific
genomic loci by a guide sequence, which can tolerate certain mismatches to the DNA
target and thereby promote undesired off-target mutagenesis. Because individual nicks in
the genome are repaired with high fidelity, simultaneous nicking via appropriately offset
guide RNAs is required for double-stranded breaks and extends the number of
spectfically recognized bases for target cleavage. The authors demonsirated that using
paired nicking can reduce off-target activity by 50- to 1,500-fold in cell lines and to
facilitate gene knockout in mouse zygotes without sacrificing on-target cleavage
efficiency. This versatile strategy enables a wide variety of genome editing applications
that require high specificity.

Hsu ef al. (2013} characterized SpCas9 targeting specificity in human cells to inform the
selection of target sites and avoid off-target effects. The study evaluated >700 guide RNA
variants and SpCas9-induced indel mutation levels at >100 predicted genomic off-target
loci in 2937 and 293FT cells. The authors that SpCas9 tolerates mismatches between
guide RNA and target DNA at different positions in a sequence-dependent manner,
sensitive to the number, position and distribution of mismatches. The authors further
showed that SpCas9-mediated cleavage is unaffected by DNA methylation and that the
dosage of SpCas9 and sgRNA can be titrated to minimize off-target modification.
Additionally, to facilitate mammalian genome engineering applications, the authors
reported providing a web-based software tool to guide the selection and validation of
target sequences as well as off-target analyses.

Ran ef o/ (2013-B) described a set of tools for Cas9-mediated genome editing vio non-
homologous end joining (NHEJT} or homology-directed repair (HDR) in mammalian cells,
as well as generation of modified cell lines for downstream functional studies. To
minimize off-target cleavage, the authors further described a double-nicking strategy

using the Cas9 nickase routant with paired guide RNAs. The protocol provided by the
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authors experimentally denived guidelines for the selection of target sites, evaluation of
cleavage etficiency and analysis of off-target activity. The studies showed that beginning
with target design, gene modifications can be achieved within as little as 1-2 weeks, and
moditied clonal cell lines can be dertved within 2--3 weeks.

Shalem ef af described a new way to interrogate gene function on a genome-wide scale.
Their studies showed that delivery of a genome-scale CRISPR-Cas9 knockout (GeCKO)
library targeted 18,080 genes with 64,751 unique guide sequences enabled both negative
and positive selection screening in human cells. First, the authors showed use of the
GeCKO library to identify genes essential for cell viability in cancer and pluripotent stem
cells. Next, in a melanoma model, the authors screened for genes whose loss is mvolved
in resistance to vemurafenib, a therapeutic that inhibits mutant protein kinase BRAF.
Their studies showed that the highest-ranking candidates included previously validated
genes NF1 and MED12 as well as novel hits NF2, CUL3, TADA2B, and TADA1L. The
authors observed a high level of consistency between independent guide RNAs targeting
the same gene and a high rate of hit confirmation, and thus demonstrated the promise of
genome-scale screening with Cas®.

Nishimasu ef a/. reported the crystal structure of Streptococcus pyogenes Cas9 in
complex with sgRNA and its target DNA at 2.5 A° resolution. The structure revealed a
bilobed architecture composed of target recognition and nuclease lobes, accommodating
the sgRNADNA heteroduplex in a positively charged groove at their interface. Whereas
the recognition lobe is essential for binding sgRNA and DNA, the nuclease lobe contains
the HNH and RuvC nuclease domains, which are properly positioned for cleavage of the
complementary and non-compliementary strands of the target DNA, respectively. The
nuclease lobe also contains a carboxyl-terminal domain responsible for the interaction
with the protospacer adjacent motit (PAM). This high-resolution structure and
accompanying functional analyses have revealed the molecular mechanism of RNA-
guided DNA targeting by Cas9, thus paving the way for the rational design of new,
versatile genome-editing technologies.

Wu ef ol mapped genome-wide binding sites of a catalvtically inactive Cas9 (dCas9)
from Streptococcus pyogenes loaded with single guide RNAs (sgRNAs) in mouse

embryonic stem cells (mESCs). The authors showed that each of the four sgRNAs tested
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targets dCas9 to between tens and thousands of genomic sites, frequently characterized
by a S-nucleotide seed region in the sgRNA and an NGG protospacer adjacent motif
(PAM). Chromatin inaccessibility decreases dCas9 binding to other sites with matching
seed sequences, thus 70% of off-target sites are associated with genes. The authors
showed that targeted sequencing of 295 dCas9 binding sites in mESCs transfected with
catalytically active Cas9 identified only one site mutated above background levels. The
authors proposed a two-state model for Cas9® binding and cleavage, in which a seed
match triggers binding but extensive pairing with target DNA is required for cleavage.
Platt ef o/ established a Cre-dependent Cas9 knockin mouse. The authors demonstrated
in vivo as well as ex vivo genome editing using adeno-associated virus {(AAV)-,
lentivitus-, or particle-mediated delivery of guide RNA in neurons, immune cells, and
endothelial cells.

Hsu ef af. (2014) is a review article that discusses generally CRISPR-Cas9 history from
yogurt to genome editing, inchuding genetic screening of cells.

Wang ef o/ (2014) relates 1o a pooled, loss-of-function genetic screening approach
suitable for both positive and negative selection that uses a genome-scale lentiviral single
guide RNA (sgRNA) library.

Doench ef af. created a pool of sgRINAs, tiling across all possible target sites of a panel of
six endogenous mouse and three endogenous human genes and quantitatively assessed
their ability to produce null aligles of their target gene by antibody staining and flow
cytometry. The authors showed that optimization of the PAM improved activity and also
provided an on-line tool for designing sgRNAs.

Swiech ef af. demonstrate that AAV-mediated SpCas9 genome editing can enable reverse
genetic studies of gene function in the brain.

Konermann e af. (2015} discusses the ability to attach multiple effector domains, e.g.,
transcriptional activator, functional and epigenomic regulators at appropriate positions on
the guide such as stem or tetraloop with and without linkers,

Zetsche ef al. demonstrates that the Cas9 enzyme can be split into two and hence the
assembly of Cas9 for activation can be controlled.

Chen ef o/ relates to multiplex screening by demonstrating that a genome-wide in vivo

CRISPR-Cas9 screen in mice reveals genes regulating lung metastasis.
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Ran ef al. (2015) relates to SaCas9 and its ability to edit genomes and demonstrates that
one cannot extrapolate from biochemical assays. Shalem ef af. (2015) described ways in
which catalytically inactive Cas9 (dCas9) fusions are used to synthetically repress
(CRISPR1) or activate (CRISPRa) expression, showing. advances using Cas9 for
genome-scale screens, including arrayed and pooled screens, knockout approaches that
inactivate genomic loci and sirategies that modulate transcriptional activity,

Shalem ef o/ (2015) described ways in which catalytically inactive Cas9 (d(Cas9) fusions
are used to synthetically repress (CRISPRi) or activate (CRISPRa) expression, showing,.
advances using Cas9 for genome-scale screens, including arraved and pooled screens,
knockout approaches that inactivate genomic loci and strategies that modulate
transcriptional activity.

Xu ef al. (2015) assessed the DNA sequence features that contribute to single guide RNA
{sgRNA) efficiency tn CRISPR-based screens. The authors explored efficiency of
CRISPR/Cas9 knockout and nucleotide preference at the cleavage site. The authors also
tound that the sequence preference for CRISPRVa is substantially different from that for
CRISPR/Cas9 knockout.

Parpas ef al. (2015) introduced genome-wide pooled CRISPR-Cas9 libraries into
dendritic cells {DCs} to identify genes that control the induction of tumor necrosis factor
{Tnt) by bacterial lipopolysaccharide (LPS). Kunown regulators of Thrd signaling and
previcusly unknown candidates were identified and classified into three functional
modules with distinct effects on the canonical responses to LPS.

Ramanan ef o/ (2015) demonstrated cleavage of viral episomal DNA {(cccDNA} in
infected cells. The HBV genome exists in the nuclei of infected hepatocytes as a 3.2kb
double-stranded episomal DNA  species called covalently closed circular DNA
{cccDNA), which is a key component in the HBV life cycle whose replication is not
inhibited by current therapies. The authors showed that sgRNAs specifically targeting
highly conserved regions of HBV robustly suppresses viral replication and depleted
cceDNA

Nishimasu ez al. (2015) reported the crystal structures of SaCas9 in complex with a single
guide RNA (sgRNA) and its double-stranded DNA targets, containing the 5'-TTGAAT-3'
PAM and the 5-TTGGGT-3' PAM. A structural comparison of SaCas9 with SpCas9
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highlighted both structural conservation and divergence, explaining their distinct PAM

spectficities and orthologous sgRNA recognition.

\q;:’

Zetsche er af. (2015) reported the characterization of Cpfl, a putative class 2 CRISPR
effector. It was demounstrated that Cpfl mediates robust DNA interference with features
distinct from Cas9 Identifying this mechanism of interference broadens our

understanding of CRISPR-Cas systems and advances their genome editing applications.

‘;7

Shmakov ef a/. (2015} reported the characterization of three distinct Class 2 CRISPR-Cas
systems. The effectors of two of the identified systerns, C2¢t and C2¢3, contain RuvC
like endonuclease domains distantly related to Cpfl. The third system, C2¢2, contains an
effector with two predicted HEPN RNase domains.

» (Gao et al. (2016) reported using a structure- guided saturation mutagenesis screen to
increase the targeting range of Cpfl.  AsCpfl variants were engineered with the
mutations S542R/K607R and SS42R/KS548V/NSS52R. that can cleave target sites with
TYCV/CCCC and TATV PAMs, respectively, with enhanced activities i vitro and in
human cells.

{80333] Also, “Dimeric CRISPR RNA-guided Fokl nucleases for highly specific genome
editing”, Shengdar Q. Tsai, Nicolas Wyvekens, Cyd Khayter, Jennifer A. Foden, Vishal Thapar,
Deepak Reyon, Mathew J. Goodwin, Martin J. Aryee, J. Keith Joung Nature Biotechnology
32(6). 569-77 (2014}, relates to dimeric RNA-guided Fokl Nucleases that recognize extended
sequences and can edit endogenous genes with high efficiencies in human cells.

{00334] In addition, mention is made of PCT application PCT/US14/70057, Attorney
Reference 47627 992060 and BI-2013/107 entitled “DELIVERY, USE AND THERAPEUTIC
APPLICATIONS OF THE CRISPR-CAS SYSTEMS AND COMPOSITIONS FOR
TARGETING DISORDERS AND  DISEASES  USING PARTICLE DELIVERY
COMPONENTS (claiming priority from one or more or all of US provisional patent
applications: 62/054,490, filed September 24, 2014, 62/010,441, filed June 10, 2014, and
61/915,118, 61/915,215 and 61/915,148, each filed on December 12, 2013) (“the Particle
Delivery PCT”), incorporated herein by reference, and of PCT application PCT/US14/70127,
Attorney Reference 47627.99.2091 and BI-2013/101 entitled “DELIVERY, USE AND
THERAPEUTIC APPLICATIONS OF THE CRISPR-CAS SYSTEMS AND COMPOSITIONS
FOR GENOME EDITING “ (claiming priority from one or more or ali of US provisional patent
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applications: 61/915,176; 61/915,192; 61/915,215, 61/915,107, 61/915,145; 61/915,148; and
61/915,153 each filed December 12, 2013} ("the Eve PCT”), incorporated herein by reference,
with respect to a method of preparing an sgRNA-and-Cas9 protein containing particle
comprising admixing a mixture comprising an sgRNA and Cas9 protein (and optionally HDR
template} with a mixture comprising or consisting essentially of or consisting of surfactant,
phospholipid, biodegradable polymer, lipoprotein and alcohol; and particles from such a process.
For example, wherein Cas9 protein and sgRNA were mixed together at a suitable, e.g, 3:1t0 1.3
or 2:1 to 1:2 or 1:1 molar ratio, at a suitable temperature, e g, 15-30C, e g, 20-25C, e.g., room
temperature, for a suitable time, eg., 15-45, such as 30 minutes, advantageously in sterile,
nuciease free buffer, e.g, 1X PBS. Separately, particle components such as or comprising: a
surfactant, e.g., cationic lipid, eg., 1,2-dicleoyl-3-trimethylammonium-propane (DOTAP);
phospholipid, e.g., dimyristoylphosphatidylcholine (DMPC); biodegradable polymer, such as an
ethylene-glycol polymer or PEG, and a lipoprotein, such as a low-density lipoprotein, e.g.,
cholesterol were dissolved in an alcohol, advantageously a Cy¢ alkyl alcohol, such as methanol,
ethanol, isopropanol, eg. 100% ethanol. The two solutions were mixed together to form
particles containing the Cas9-sgRNA complexes. Accordingly, sgRNA may be pre-complexed
with the Cas9 protein, before formulating the entire complex in a particle. Formulations may be
made with a different molar ratio of different components known to promote delivery of nucleic
acids into cells (e.g. 1,2-dicleoyl-3-trimethylammonium-propane (DOTAP), 1,2-ditetradecanoyl-
sn~-glycero-3~phosphocholine (DMPC), polyethylene glycol (PEG), and cholesterol) For example
DOTAP . DMPC : PEG : Cholesterol Molar Ratios may be DOTAP 100, DMPC 0, PEG 0,
Cholesterol 0; or DOTAP 90, DMPC 0, PEG 10, Cholesterc! 0; or DOTAP 90, DMPC 0, PEG 3,
Cholestercl 5. DOTAP 100, DMPC 0, PEG 0, Cholesterol 0. That application accordingly
comprehends admixing sgRNA, Cas9 protein and compounents that form a particle; as well as
particles from such admixing. Aspects of the instant invention can inveolve particles; for example,
particles using a process analogous to that of the Particle Delivery PCT or that of the Eye PCT,
e.g., by admixing a mixture comprising sgRNA and/or Cas9 as in the instant invention and
components that form a particle, e.g., as in the Particle Delivery PCT or in the Eye PCT, to form
a particle and particles from such admixing {or, of course, other particles involving sgRNA

and/or Cas9 as in the instant invention).
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{00333] The subject invention may be used as part of a research program wherein there is
transmission of results or data. A computer system (or digital device) may be used to receive,
transmit, display and/or store results, analyze the data and/or results, and/or produce a report of
the results and/or data and/or analysis. A computer system may be understood as a logical
apparatus that can read instructions from media {(e.g. software) and/or network port (e.g from the
internet}, which can optionally be connected to a server having fixed media. A computer system
may comprise one or more of a CPU, disk drives, input devices such as keyboard and/or mouse,
and a display (e.g a montor). Data communication, such as transmission of instructions or
reports, can be achieved through a communication medium to a server at a local or a remote
focation. The communication medium can include any means of transmitling and/or receiving
data. For example, the communication medium can be a network connection, a wireless
connection, or an internet connection.  Such a connection can provide for communication over
the World Wide Web. 1t is envisioned that data relating to the present invention can be
transmitted over such networks or connections (or any other suitable means for transmitting
information, including but not limited to mailing a physical report, such as a print-out) for
reception and/or for review by a receiver. The recetver can be but is not limited to an individual,
or electronic system (e.g one or more computers, and/or one or more servers). In some
embodiments, the computer system comprises one or more processors. Processors may be
associated with one or more controllers, calculation units, and/or other units of a computer
system, or implanted in firmware as desired. I implemented in software, the routines may be
stored in any computer readable memory such as in RAM, ROM, flash memory, a magnetic disk,
a laser disk, or other suitable storage medium. Likewise, this software may be delivered to a
computing device via any known delivery method including, for example, over a communication
chanunel such as a telephone line, the 1nternet, a wireless connection, etc., or via a transportable
medium, such as a computer readable disk, flash drive, etc. The various steps may be
implemented as various blocks, operations, tools, modules and techniques which, 1n turn, may be
implemented in hardware, firmware, software, or any combination of hardware, firmware, and/or
software. When implemented in hardware, some or all of the blocks, operations, techniques, etc.
may be implemented in, for example, a custom integrated circuit (IC), an application specific
integrated circuit (ASIC), a field programmable logic array (FPGA), a programmable logic array

(PLA), etc. A chient-server, relational database architecture can be used in embodiments of the
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invention. A client-server architecture 18 a network architecture in which each computer or
process on the network is either a client or a server. Server computers are typically powerful
computers dedicated to managing disk drives (file servers), printers (print servers), or network
trattic (network servers). (lient computers include PCs (personal computers} or workstations on
which users run applications, as well as example output devices as disclosed herein.  Client
computers rely on server computers for resources, such as files, devices, and even processing
power. In some embodiments of the invention, the server computer handles all of the database
functionality. The client computer can have software that handles all the front-end data
management and can also receive data input from users. A machine readable medium
comprising computer-executable code may take many forms, including but not hinited to, a
tangible storage medium, a carrier wave medium or physical transmission medium. Non-volatile
storage media include, for example, optical or magnetic disks, such as any of the storage devices
in any computer(s) or the like, such as may be used to implement the databases, etc. shown in the
drawings. Volatile storage media include dynamic memory, such as main memory of such a
computer platform. Tangible transmussion media include coaxial cables; copper wire and fiber
optics, including the wires that comprise a bus within a computer system. Carrier-wave
transmission media ray take the form of electric or electromagnetic sigoals, or acoustic or light
waves such as those generated during radio frequency (R¥) and infrared (IR} data
communications. Common forms of computer-readable media therefore include for example: a
floppy disk, a flexible disk, hard disk, magnetic tape, any other magnetic medium, a CD-ROM,
DVD or DVD-ROM, any other optical medium, punch cards paper tape, any other physical
storage medium with patterns of holes, a RAM, a ROM, a PROM and EPROM, a FLASH-
EPROM, any other memory chip or cartridge, a carrier wave transporting data or instructions,
cables or huoks transporting such a carrier wave, or any other mediurm from which a computer
may read programming code and/or data. Many of these forms of computer readable media may
be involved 1o carrying one or more sequences of one or more instructions to a processor for
executton. Accordingly, the tnvention comprehends performing any method herein-discussed
and storing and/or transmitting data and/or results therefrom and/or analysis thereof, as well as
products from performing any method herein-discussed, including intermediates.

{00336] Throughout this disclosure there has been mention of CRISPR or CRISPR-Cas

complexes or systems. CRISPR systems or complexes can target nucleic acid molecules, e.g.,
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CRISPR-Cas9® complexes can target and cleave or nick or simply sit upon a target DNA
molecule (depending if the Cas9 has mutations that render it a nickase or “dead”). Such systems
or complexes are amenable for achieving tissue-specific and temporally controlled targeted
deletion of candidate disease genes. Examples include but are not limited to genes involved in
cholesterol and fatty acid metabolism, amyloid diseases, dominant negative diseases, latent viral
infections, among other disorders. Accordingly, target sequences for such systems or complexes

can be in candidate disease genes, e.g.

Disease GENE SPACER PAR DMechanismm References

Fluvastatin: a review of its
pharmacology and use in the
management of

GCCAAATTG hypercholesterolaemia.{ Plosker
Hyperchole HMG- GACGACCCT GL et al. Drugs 1996, 51(31.433-
sterolemuia CR CG CGG Knockout 459)

Potential role of nonstatin
cholesterol lowering agents

CGAGGAGAC {Trapani et al. [UBMB Life,
Hyperchole CCCCETTTC Volume 63, Issue 11, pages 964~
sterolemia  SQLE GG TGG  Knockout 971, November 2011)

DGATI inhibitors as anti-obesity
and anti-diabetic agents. {Birch

CCCGCCGCC AM et al. Current Opinion in
Hyperlipid DGAT GCCGTGGCT Drug Discovery & Development
emia I CG AGG Knockout 2010, 13{4).489-496)

Killing of leukemic cells with a
BCR/ABL fusion gene by RNA

TGAGCTCTA interference (RNAi1).{ Fuchs et
BCR- CGAGATCCA al. Oncogene 2002, 21(37).5716-
Leukemia  ABL CA AGG Knockout 5724

{60337] Thus, the present invention, with regard to CRISPR or CRISPR-Cas complexes
contemplates correction of hematopoietic disorders. For example, Severe Combined Immune
Deficiency {SCID) results from a defect in lymphocytes T maturation, always associated with a
functional defect in lymphocytes B (Cavazzana-Calvo et al., Annu. Rev. Med,, 2005, 56, 585-
602; Fischer et al., Immunol. Rev., 2005, 203, 98-109). In the case of Adenosine Deaminase
{ADA) deficiency, one of the SCID forms, patients can be treated by injection of recombinant
Adenosine Deaminase enzyme. Since the ADA gene has been shown to be mutated in SCID

patients {Giblett et al., Lancet, 1972, 2, 1067-1069), several other genes involved in SCID have
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been identified (Cavazzana-Calvo et al,, Annu. Rev. Med., 2005, 56, 585-602; Fischer et al,,
Immunol. Rev,, 2005, 203, 98-109). There are four major causes for SCID: (i} the most frequent
form of SCID, SCID-X1 {X-linked SCID or X-SCID), 1s caused by mutation in the IL2RG gene,
resulting in the absence of mature T lymphocytes and NK cells. HL2ZRG encodes the gamma C
protein (Nogucht, et al., Cell, 1993, 73, 147-157), a common component of at least five
interfeukin receptor complexes. These receptors activate several targets through the JAKS kinase
(Macchi et al., Nature, 1995, 377, 65-68), which inactivation results in the same syndrome as
gamma C inactivation; (1) mutation in the ADA gene results 1n a defect in purine metabolism
that is lethal for lymphocyte precursors, which in turn results in the quasi absence of B, T and
NK cells; (111} V(DM recombination is an essential step in the maturation of immunoglobuling
and T lymphocytes receptors {TCRs). Mutations in Recombination Activating Gene 1 and 2
(RAG! and RAG?2) and Artemis, three genes involved in this process, result in the absence of
mature T and B lymphocytes; and (iv) Mutations in other genes such as D45, involved in T cell
specific signaling have also been reported, although they represent a minority of cases
{(Cavazzana-Calvo et al., Annu. Rev. Med., 2005, 56, 585-602; Fischer et al., Immunol. Rev,
2005, 203, 98-109). In aspect of the invention, relating to CRISPR or CRISPR-Cas complexes
contermplates system, the invention contemplates that it may be used to correct ocular defects
that arise from several genetic mutations further described in Genetic Diseases of the Eve,
Second Edition, edited by Elias I Traboulsi, Oxford University Press, 2012, Non-limiting
examples of ocular defects to be corrected include macular degeneration (MD), retinitis
pigmentosa (RP). Non-limiting examples of genes and proteins associated with ocular defects
include but are not limited to the following proteins: (ABCA4) ATP-binding cassette, sub-family
A (ABC1), member 4 ACHM!1 achromatopsia (rod monochromacy) 1 ApoE Apolipoprotein E
{ApoE) C1QTNFS5 (CTRPS) Clg and tumor necrosis factor related protein 5 (C1QTNF5) C2
Complement component 2 {C2) C3 Complement components (C3) CCL2 Chemckine (C-C
motif) Ligand 2 (CCL2) CCR2 Chemokine (C-C motit) receptor 2 (CCR2) CD36 Cluster of
Differentiation 36 CFB Complement factor B CFH Complement factor CFH H CFHRI
complement factor H-related 1 CFHR3 complement factor H-related 3 CNGB3 cyclic nucleotide
gated channel beta 3 CP ceruloplasmin (CP) CRP C reactive protein (CRP) CST3 cystatin C or
cystatin 3 (CST3) CTSD Cathepsin D (CTSD) CX3CRI chemokine (C-X3-C motif) receptor 1

ELOVLA4 Elongation of very long chain fatty acids 4 ERCC6 excision repair ¢ross-
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complementing rodent repair deficiency, complernentation group 6 FBLNS Fibulin-§ FBLN3
Fibulin 5 FBLNG Fibulin 6 FSCN2 fascin (FSCN2) HMCN1 Hemicentrin | HMCNT hemicentin
I HTRA1 HtrA serine peptidase 1 (HTRAT) HTRA1T HitrA serine peptidase 1 IL-6 Interleukin 6
{18 Interleukin 8 LOC387715 Hypothetical protein PLEKHATL Pleckstrin homology domain-
containing family A member 1 (PLEKHAL) PROM1 Prominin 1{(PROMI or CD133) PRPH2
Peripherin-2 RPGR retinitis pigmentosa GTPase regulator SERPING] serpin peptidase inhibitor,
clade G, member 1 (C1- inhibitor) TCOF1 Treacle TIMP3 Metalloproteinase inhibitor 3
(TIMP3) TLR3 Toll-like receptor 3 The present invention, with regard to CRISPR or CRISPR-
Cas complexes contemplates also contemplates delivering to the heart. For the heart, a
myocardium tropic adena-associated virus (AAVM) 1s preferred, in particular AAVM41 which
showed preferential gene transfer in the heart (see, e.g, Lin-Yanga et al., PNAS, March 10,
2009, vol. 106, no. 10). For example, US Patent Publication No. 20110023139, describes use of
zinc finger nucleases to genetically modify cells, animals and proteins associated with
cardiovascular disease. Cardiovascular diseases generally inchude high blood pressure, heart
attacks, heart failure, and stroke and TIA. By way of example, the chromosomal sequence may
comprise, but is not limited to, IL1B {interleukin 1, beta), XDH (xanthine dehydrogenase), TP53
{tumor protein p53), PTGIS (prostaglandin 12 (prostacyclin} synthase), MB (myoglobin), [L4
{(interfeukin 4), ANGPT! (angiopoietin 1}, ABCG8 (ATP-binding cassette, sub-family G
(WHITE)}, member 8), CTSK {cathepsin K), PTGIR (prostaglandin 12 (prostacyclin} receptor
(IP)), KCNI11 (potassium inwardly-rectifying channel, subfamily J, member 11), INS (insulin},
CRP (C-reactive protein, pentraxin-related), PDGFRB (platelet-derived growth factor receptor,
beta polypeptide), CCNAZ (cyclin A2), PDGFB (platelet-derived growth factor beta polypeptide
{simian sarcoma viral {v-sis} oncogene homolog)), KCNIS {(potassium inwardly-rectifying
channel, subfamily I, member 5), KCNN3 (potassium intermediate/small conductance calcium-
activated channel, subfamily N, member 3}, CAPNI10 (calpain 10}, PTGES (prostaglandin E
synthase), ADRAZB (adrenergic, alpha-2B-, receptor), ABCGS (ATP-binding cassette, sub-
family G {WHITE), member 5), PRDX2 {peroxiredoxin 2}, CAPNS (calpain 5), PARP14 (poly
{ADP-ribose) polymerase family, member 14), MEX3C (mex-3 homolog C (C. elegans})), ACE
angiotensin | converting enzvime {peptidyl-dipeptidase A) 1}, TNF {tumor necrosis factor (TNF
superfamily, member 2)), IL6 (interleukin 6 (interferon, beta 2}), STN (statin), SERPINE1

{serpin peptidase inhibitor, clade E (nexin, plasminogen activator inhibitor type 1), member 1),
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ALB {(albumin), ADIPOQ ({(adiponectin, CI1{ and collagen domain containing), APOB
(apolipoprotein B (including Ag(x} antigen)), APCE {(apolipoprotein B}, LEP (leptin), MTHFR
(5,10-methylenetetrahydrofolate reductase (NADPH})), APOA1 (apolipoprotein A-I), EDNI
{endothelin 1), NPPB (natriuretic peptide precursor B), NOS3 (nitric oxide synthase 3
{endothelial cell}), PPARG (peroxisome proliferator-activated receptor gamma), PLAT
{plasminogen activator, tissue), PTGS2 {prostaglandin-endoperoxide synthase 2 (prostaglandin
G/H synthase and cyclooxygenase)), CETP {cholestery! ester transfer protein, plasmaj, AGTRI1
{angiotensin H receptor, type 1), HMGCR (3-hydroxy-3~-methylglutaryl-Coenzyme A reductase),
IGF1 (insulin-like growth factor 1 (somatomedin ()}, SELE (selectin E), REN (renin), PPARA
{peroxisome proliferator-activated receptor alpha), PON1 (paraoxonase 1), KNG1 (kininogen 1),
CCL2 {chemokine (C-C motif) higand 2}, LPL (lipoprotein lipase), VWF (von Willebrand
factor), F2 (coagulation factor I (thrombin}), ICAM1 (ntercellular adhesion molecule 1},
TGFB1 (transforming growth factor, beta 1), NPPA (natriuretic peptide precursor A), [L10
(interleukin 10}, EPO ({(erythropoietin), SOD1 (superoxide dismutase 1, soluble), VCAMI
{vascular cell adhesion molecule 1), IFNG (nterferon, gamma), LPA (lipoprotein, Lp(a)), MPO
(myeloperoxidase), ESR1 (estrogen receptor 1), MAPK1 (mitogen-activated protein kinase 1),
HP (haptoglobin), F3 (coagulation factor I (thromboplastin, tissue factor)), CST3 (cystatin ),
COQG2 (component of oligomeric golgt complex 2), MMP9 (matrix metallopeptidase 9
{gelatinase B, 92 kDa gelatinase, 92 kDa type IV collagenase)), SERPINCI (serpin peptidase
inhibitor, clade C (antithrombin), member 1), F& {(coagulation factor VHI procoagulant
component), HMOX1 (heme oxygenase {(decycling) 1), APOC3 (apolipoprotein C-HI), IL8
{interfeukin 8), PROK1 (prokineticin 1), CBS (cystathionine-beta-synthase), NOS2 (nitric oxide
synthase 2, inducible), TLR4 (toll-like receptor 4), SELP (selectin P {granule membrane protein
140 kDa, antigen CD062)), ABCA1 (ATP-binding cassette, sub-family A (ABC1), member 1),
AGT {angiotensinogen {(serpin peptidase inhibitor, clade A, member 8)), LDLR (low density
lipoprotein  receptor), GPT (glutamic-pyruvate transaminase ({(alanine aminotransferase)),
YEGFA (vascular endothelial growth factor A), NR3C2 {(nuclear receptor subfamily 3, group C,
member 2), IL18 (interleukin 18 (interferon-gamma-inducing factor}), NOS1 (mitric oxide
synthase 1 {(neuronal)), NR3C1 (nuclear receptor subfamily 3, group C, member 1
(glucocorticoid receptor)), FGB (fibrinogen beta chain), HGF (hepatocyte growth factor

(hepapoietin A scatter factor)), IL1A (interleukin 1, alpha), RETN (resistin), AKT! (v-akt
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murine thymoma viral oncogene homolog 1), LIPC (lipase, hepatic), HSPD1 (heat shock 60 kDa
protein 1 {chaperonin)), MAPK14 (mitogen-activated protein kinase 14), SPP1 (secreted
phosphoprotein 1), ITGB3 (integrin, beta 3 (platelet glycoprotein 11la, antigen CD61)), CAT
{catalase), UTS2 (urotensin 2), THBD (thrombomodulin}, F10 (coagulation factor X), CP
{ceruloplasmin (ferroxidase}), TNFRSF11B (tumor necrosis factor receptor superfamily, member
t1b), EDNRA (endothelin receptor type A), EGFR (epidermal growth factor receptor
(erythroblastic leukemia wviral (v-erb-b} oncogene homolog, avian)), MMP2 (matrix
metallopeptidase 2 (gelatinase A, 72 kDa gelatinase, 72 kDa type IV collagenase)), PLG
{plasminogen), NPY (neuropeptide Y}, RHOD (ras homolog gene family, member D), MAPKS
{rmitogen-activated protein kinase 8), MYC {v-myc myelocytomatosis viral oncogene homolog
(avian}), FN1 (fibronectin 1), CMA1 (chymase 1, mast cell}, PLAU {plasminogen activator,
urokinase), GNB3 (guanine nucleotide binding protein (G protein}, beta polypeptide 3), ADRB2
{adrenergic, beta-2-, receptor, surface), APUAS (apolipoprotein A-V), SOD2Z (superoxide
dismutase 2, mitochondrial), FS (coagulation factor V (proaccelerin, labile factor)), VDR
{(vitamuin D (1,25-dihydroxyvitamin D3) receptor), ALOXS (arachidonate 5-lipoxygenase), HLA-
DRB1 (major histocompatibility complex, class II, DR beta 1}, PARP1 (poly (ADP-ribose)
polymerase 1), CD40LG (CD40 ligand), PONZ (paraoxonase 2), AGER (advanced glycosylation
end product-specitic receptor), IRS1 (insulin receptor substrate 1), PTGS1 (prostaglandin-
endoperoxide synthase 1 (prostaglandin G/H synthase and cyclooxygenase)), ECEl1 {endothelin
converting enzyme 1), F7 (coagulation factor VI (serum prothrombin conversion accelerator}),
URN (interleukin | receptor antagonist), EPHX2 (epoxide hydrolase 2, cytoplasmic), IGFBPI
{insulin-like growth factor binding protein 1), MAPK10 {(mitogen-activated protein kinase 10},
FAS (Fas (TNF receptor superfamily, member 0)), ABCB1 (ATP-binding cassette, sub-family B
(MDR/TAP), member 1), JUN (jun oncogene), IGFBP3 (insulin-like growth factor binding
protein 3), CD14 (CD14 molecule), PDESA (phosphodiesterase 5A, ¢cGMP-specific), AGTRZ
{angiotensin U receptor, type 2), CD40 (CD40 molecule, TNF receptor superfamily member 5),
LCAT (lecithin-cholesterol acyltransferase), CCRS {chemokine (C-C motif) receptor 53, MMP1
{matrix metaliopeptidase 1 (interstitial collagenase)), TIMP1 (TEMP metallopeptidase inhibitor
1), ADM {adrenomedullin), DYT10 (dvstonia 10}, STAT3 (signal transducer and activator of
transcription 3 (acute-phase response factor)), MMP3 (matrix metallopeptidase 3 (stromelysin 1,

progelatinase)), ELN {(elastin), USF1 (upstream transcription factor 1), CFH (complement factor
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H), HSPA4 (heat shock 70 kDa protein 4), MMP12 (matrix metallopeptidase 12 {(macrophage
elastase)), MME (membrane metallo-endopeptidase), F2R {coagulation factor H (thrombin}
receptor), SELL (selectin L), CTSB (cathepsin B), ANXAS (annexin AS), ADRBI1 (adrenergic,
beta-1-, receptor}, CYBA {cytochrome b-245, alpha polypeptide), FGA (fibrinogen alpha chain),
GGT1 (gamma-glutamyltransterase 1}, LIPG (lipase, endothelial), HIFIA (hypoxia inducible
factor 1, alpha subunit (basic helix-loop-helix transcription factor)), CXCRA4 {chemokine (C-X-C
motif) receptor 4), PROC (protein C (inactivator of coagulation factors Va and Villa)), SCARB1
{scavenger receptor class B, member 1), CD79A (CD79a molecule, immunoglobulin-associated
alpha), PLTP (phospholipid transfer protein), ADD1 (adducin 1 {alpha)), FGG (fibrinogen
gamma chain), SAALl (serum amyloid Al), KCNH2 (potassium voltage-gated channel,
subfamily H (eag-related), member 2}, DPP4 (dipeptidyl-peptidase 4), GOoPD {glucose-6-
phosphate dehydrogenase), NPRI (natriuretic peptide receptor A/guanylate cyclase A
{atrionatriuretic peptide receptor A)), VTN (vitronectin), KIAAG10]1 (KIAAQ0101), FOS (FBJ
murine osteosarcoma viral oncogene homolog), TER2 (toll-like receptor 2), PPIG (peptidylprolyl
isomerase G (cyclophilin G)), ILIR1T (uoterleukin 1 receptor, type 1), AR (androgen receptor),
CYPIA1 (cytochrome P450, family 1, subfamily A, polypeptide 1), SERPINA1 (serpin
peptidase inhibitor, clade A (alpha-1 antiproteinase, antitrypsin), member 1), MTR (5-
methyltetrahydrofolate-homocysteine methyltransferase), RBP4 (retinol binding protein 4,
plasma), APOA4 (apolipoprotein A-1V), CDKNZA (cychin-dependent kinase inhibitor 2A
{melanoma, pl16, inhibits CDK4)), FGF2Z (fibroblast growth factor 2 (basic)), EDNRB
{endothelin receptor type B), ITGAZ (integrin, alpha 2 (CD49B, alpha 2 subunit of VLA-2
receptor}), CABINT (calcineurin binding protein 1), SHBG (sex hormone-binding globulin),
HMGBI (high-mobility group box 1), HSPOOB2P (heat shock protein 90 kDa beta (Grp94),
member 2 (pseudogene)), CYP3A4 (cytochrome P450, fanuly 3, subtamily A, polypeptide 4),
GJIA1 (gap junction protein, alpha 1, 43 kDa), CAV1 (caveolin 1, caveoclae protein, 22 kDa),
ESR2 (estrogen receptor 2 (ER beta)), LTA (lymphotoxin alpha (TNF superfamily, member 1)),
GDFIS (growth differentiation factor 15), BDNF (brain-derived neurotrophic factor), CYP2ZD6
{cytochrome P450, family 2, subfamily D, polypeptide 6), NGF (nerve growth factor (beta
polypeptide)), SP1 (Sp1 transcription factor), TGIF1 (TGFB-induced factor homeobox 1), SRC
{(v-sr¢ sarcoma {Schmidt-Ruppin A-2) viral oncogene homolog (avian)}), EGF (epidermal growth

factor (beta-urogastrone)), PIK3CG (phosphoinositide-3-kinase, catalytic, gamma polypeptide),
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HLA-A (major histocompatibility complex, class I, A), KCNQ1 (potassium voltage-gated
channel, KQT-like subfamily, member 1), CNRI (cannabincid receptor 1 (brain}), FBN1
(fibrilhin 1), CHKA (choline kinase alpha), BEST! (bestrophin 1), APP (amvloid beta (A4)
precursor protein), CTNNB1 (catenin (cadherin-associated protein), beta 1, 88 ki), 112
(interleukin 2), CD36 {(CD36 molecule {thrombospondin receptor)), PRKAB!1 (protein kinase,
AMP-activated, beta 1 non-catalvtic subunit), TPO (thyroid peroxidase), ALDH7A1T (aldehyde
dehydrogenase 7 family, member A1), CX3CR1 {chemokine (C-X3-C motif} receptor 1), TH
(tyrosine hydroxylase), F9 {coagulation factor 1X), GHI (growth hormone 1), TF {transferrin),
HFE (hemochromatosis), IL17A (interleukin 17A), PTEN (phosphatase and tensin homolog),
GSTMI (glutathione S-transterase mu 1), DMD (dystrophin), GATA4 (GATA binding protein
4}, F13A1 {coagulation factor XHIE Al polypeptide), TTR (transthyretin), FABP4 (fatty acid
binding protein 4, adipocyte), PON3 (paraoxonase 3), APOC1 (apolipoprotein C-I), INSR
{insulin receptor), TNFRSFIB (twmor necrosis factor receptor superfamily, member 1B),
HTR2A (S-hydroxytryptamine (serotonin) receptor 2A), CSF3 (colony stimulating factor 3
{granulocyte)), CYP2C9 (cytochrome P450, famuly 2, subfamily C, polypeptide 9), TXN
(thioredoxin), CYPIIB2Z (cytochrome P450, family 11, subfamily B, polypeptide 2}, PTH
{parathyroid hormone), CSF2 (colony stimulating tactor 2 (granulocyte-macrophage)), KDR
{kinase insert domain receptor {(a type I receptor tyrosine kinase)), PLA2GZA {phospholipase
A2, group IIA (platelets, synovial fluid)), B2ZM (beta-2Z-microglobulin), THBS!I (thrombospondin
1), GCG (glucagon), RHOA (ras homolog gene family, member A), ALDH2Z (aldehyde
dehydrogenase 2 family (mitochondrial)), TCF7LZ (transcription factor 7-like 2 (T-cell specific,
HMG-box)), BDKRB2Z (bradykinin receptor B2), NFE2L2 {(nuclear factor {(erythroid-derived 2}-
like 2), NOTCH! (Notch homolog 1, translocation-associated (Drosophila)y, UGTIAL (UDP
glucuronosyltransterase 1 family, polypeptide Al), IFNA1 (interferon, alpha 1), PPARD
{peroxisome proliferator-activated receptor delta), SIRT1 (sirtuin {(silent mating type information
regulation 2 homolog) 1 (8. cerevisiae)), GNRH1 (gonadotropin-releasing hormone |
{luteinizing-releasing hormone)), PAPPA (pregnancy-associated plasma protein A, pappalysin
1}, ARR3 (arrestin 3, retinal (X-arrestin}), NPPC (natriuretic peptide precursor C), AHSP {alpha
hemoglobin stabilizing protein), PTK2 {(PTK2 protein tyrosine kinase 2), 1113 {interleukin 13},
MTOR (mechanistic target of rapamyvein (serine/threonine kinase)), ITGB2 (integrin, beta 2

{complement component 3 receptor 3 and 4 subunity), GSTTI (glutathione S-transferase theta 1),
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TL6ST (interleukin 6 signal transducer {gp130, oncostatin M receptor)), CPB2 (carboxypeptidase
B2 (plasma)}), CYPIAZ (cytochrome P450, family 1, subfamily A, polypeptide 2}, HNF4A
(hepatocyte nuclear factor 4, alpha), SLC6A4 (solute carrier family 6 (neurotransmitter
transporter, serctonin), member 4}, PLA2GO (phospholipase A2, group VI (cytosolic, calcium-
independent}), TNFSF11 (tumor necrosis factor (ligand) superfamily, member 11), SLCBAL
{(solute carrier family 8 (sodium/calcium exchanger), member 1), FZRLI (coagulation factor I
(thrombin) receptor-like 1), AKR1A1 (aldo-keto reductase family 1, member Al (aldehyde
reductase}), ALDH9AT (aldehyde dehydrogenase 9 family, member A1), BGLAP (bone gamma-
carboxyglutamate (gla} protein), MTTP (microsomal triglyceride transfer protein), MTRR (5-
methyltetrahydrofolate-homocysteine methyltransferase reductase), SULTIA3 (sulfotransterase
family, cytosolic, 1A, phenol-preferring, member 3), RAGE (renal tumor antigen), C4B
{complement component 4B (Chido bloed group), PZRY 12 (purinergic receptor P2Y, G-protein
coupled, 12), RNLS (renalase, FAD-dependent amine oxidase), CREB1 (cAMP responsive
element binding protein 1), POMC (proopiomelanocortin), RAC! {ras-related C3 botulinum
toxin substrate 1 (rho family, small GTP binding protein Racl)), LMNA (lamin NC), CD39
(CD59 molecule, complement regulatory protein), SCN3A (sodium channel, voltage-gated, type
YV, alpha subunit), CYPIB1 (cytochrome P450, family 1, subfamily B, polypeptide 1), MIF
{macrophage migration inhibitory factor {glycosylation-inhibiting factor)), MMP13 (matrix
metallopeptidase 13 (collagenase 3)), TIMP2 (TIMP metallopeptidase inhibitor 2), CYPI9AL
{cytochrome P450, family 19, subfamily A, polypeptide 1), CYP21 A2 (cytochrome P450, family
21, subfamily A, polypeptide 2), PTPN22 (protein tyrosine phosphatase, non-receptor type 22

lymphoid)), MYH14 {(myosin, heavy chain 14, non-muscle), MBL2 (mannose-binding lectin

A e

protein C) 2, soluble {opsonic defect)), SELPLG (selectin P ligand), AOC3 {(amine oxidase,
copper containing 3 (vascular adhesion protein 1)), CTSLI (cathepsin L.1), PCNA (proliferating
cell nuclear antigen), IGF2 (insulin-like growth factor 2 (somatomedin A)), ITGBI (integrin,
beta 1 (fibronectin receptor, beta polypeptide, antigen CD29 includes MDF2, MSK12)), CAST
{calpastatin}, CXCL12 {(chemokine {C-X-C motif) ligand 12 (stromal celi-derived factor 1)),
IGHE (immunoglobulin heavy constant epsilon), KCNE! (potassium voltage-gated channel, Isk-
related family, member 1), TFRC (transferrin receptor (p%0, C71)), COLI1A1 (collagen, type I,
alpha 1), COL1AZ2 (collagen, type 1, alpha 2), IL2RB (interleukin 2 receptor, beta), PLA2GI0
{phospholipase A2, group X), ANGPT2 (angiopoietin 2), PROCR (protein C receptor,
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endothelial (EPCR)), NOX4 (NADPH oxidase 4), HAMP (hepcidin antimicrobial peptide),
PTPN11 (protein tyrosine phosphatase, non-receptor type 113, SLC2A1 (solute carrier fanuly 2
(facilitated g¢lucose transporter), member 1), ILZRA (interleukin 2 receptor, alpha), CCLS
{chemokine (C-C motif} ligand 5), IRF1 (interferon regulatory factor 1), CFLAR (CASPE and
FADD-like apoptosis regulator), CALCA (calcitonin-related polypeptide alpha), EIF4E
{eukaryotic translation inttiation factor 4E), GSTP1 (glutathione S-transferase pt 1}, JAK2 (Janus
kinase 23, CYP3AS (cytochrome P450, family 3, subfamily A, polypeptide 5), HSPGZ (heparan
sulfate proteoglycan 2), CCL3 {chemokine (C-C motif) ligand 3), MYD88 (myeloid
differentiation primary response gene (88)), VIP (vascactive intestinal peptide), SOATI (sterol
O-acyltransferase 1), ADRBK1 (adrenergic, beta, receptor kinase 1), NR4A2 (vuclear receptor
subfamily 4, group A, member 2, MMPB (matrix metaliopeptidase 8 (neutrophil collagenase)),
NPR2 (natriuretic peptide receptor B/guanylate cyclase B (atrionatriuretic peptide receptor B)),
GCH1 (GTP cyclohydrolase 1), EPRS {(glutamyl-prolyltRNA synthetase), PPARGCI1A
{peroxisome proliferator-activated receptor gamma, coactivator 1 alpha), F12 {coagulation factor
X (Hageman factor)), PECAMI (platelet/endothelial cell adhesion molecule), CCLA4
(chemokine {(C-C motif) ligand 4}, SERPINA3 (serpin peptidase inhibitor, clade A (alpha-1
antiproteinase, antitrypsing, member 3), CASR {(calcium-sensing receptor), GIAS {(gap junction
protein, alpha 5, 40 kDa), FABP2 (fatty acid binding protein 2, intestinal), TTF2 {(transcription
termination factor, RNA polymerase I}, PROS] (protein S (alpha)), CTF1 (cardiotrophin 1),
SGCB (sarcoglycan, beta (43 kDa dystrophin-associated glycoprotein)), YMEILY (YME1-like 1
(S. cerevisiae)), CAMP (cathelicidin antimicrobial peptide), ZC3HI2A (zinc finger CCCH-type
containing 12A), AKR1B1 (aldo-keto reductase family 1, member B1 (aldose reductase)), DES
{desmin), MMP7 (matrix metallopeptidase 7 (matrilysin, uterine}}), AHR (aryl hydrocarbon
receptor), CSF1 {colony stimulating factor 1 {macrophage}}, HDACY (histone deacetylase 9),
CTGE (connective tissue growth factor), KCNMAL (potassium large conductance calcium-
activated chaonel, subfamily M, alpha member 1), UGTIA (UDP glucuronosyltransferase 1
family, polypeptide A complex locus), PRKCA (protein kinase C, alpha), COMT (catechol-
beta.-methyltransferase), S100B (5100 calcium binding protein B), EGR1 (early growth
response 1}, PRI (prolactin), IL15 (interleukin 15}, DRD4 (dopamine receptor DB4), CAMK2G
(calctum/calmodulin-dependent protein kinase I gamma), SLC22A2 (solute carrier family 22

{organic cation transporter), member 2), CCL11 (chemokine (C-C wotif) higand 11}, PGF (B321
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placental growth factor), THPO (thrombopoietin), GP6 (glycoprotein VI (platelet}), TACR1
(tachykinin receptor 1), NTS (neurotensin), HNF1A (HNF1 homecbox A}, SS5T (somatostatin},
KCND1 (potassium voltage-gated channel, Shal-related subfamily, member 1), LOC646627
{phospholipase inhibitor), TBXAST (thromboxane A synthase 1 {platelet)), CYP2J2 (cytochrome
P450, family 2, subfamily J, polypeptide 2), TBXA2R (thromboxane AZ receptor), ADHIC
(alcohol dehydrogenase 1C (class 1), gamma polypeptide), ALOX12 (arachidonate 12-
lipoxygenase}, AHSG (alpha-2-HS-glycoprotein}, BHMT {betaine-homocysteine
methyltransferase), GJA4 (gap junction protein, alpha 4, 37 kDa), SLC2Z5A4 (solute carrier
family 25 {(mitochondrial carrier; adenine nucleotide translocator), member 4), ACLY (ATP
citrate lvase), ALOXSAP (arachidonate S-lipoxygenase-activating protein), NUMAT {(nuclear
mitotic apparatus protein 1), CYP27B1 (cytochrome P450, family 27, subfamily B, polypeptide
1), CYSLTRZ (cysteiny] leukotriene receptor 2), SOD3 (superoxide dismutase 3, extracellular),
LTC4S (leukotriens €4 synthase), UCN (urocortin}, GHRL {(ghrelin/chestatin prepropeptide),
APOC2 (apolipoprotein C-11), CLEC4A (C-type lectin domain family 4, member A), KBTBD10
{(kelch repeat and BTB (POZ) domain containing 10), TNC (tenascin C), TYMS (thymidylate
synthetase), SHCL (SHC (Src homology 2 domain containing) transforming protein 1), LRP1
(low density lipoprotein receptor-related protein 1), SOCS3 (suppressor of cytokine signaling 3),
ADHIB (alcohol dehydrogenase 1B (class I), beta polypeptide), KLK3 (kalikrein-related
peptidase 3), HSDIIB1 (hydroxysteroid (11-beta) dehydrogenase 1), VKORCI (vitamin K
epoxide reductase complex, subunit 1), SERPINB2 {(serpin peptidase inhibitor, clade B
(ovalbumin), member 2}, TNS! (tensin 1), RNFI9A (ring finger protein [9A), EPOR
{erythropotetin receptor), ITGAM (integrin, alpha M (complement component 3 receptor 3
subunit}), PITX2 {(paired-like homeodomain 2}, MAPK7 (mitogen-activated protein kinase 7),
FCGR3A (Fe fragment of IgG, low atfinuty 111a, receptor ({CD16a)), LEPR (leptin receptor),
ENG (endoglin), GPX1 (glutathione peroxidase 1), GOTZ (glutamic-oxaloacetic transaminase 2,
mitochondrial {(aspartate aminotransterase 2)), HRHI1 (histamine receptor H1), NR112 (nuclear
receptor subfamily 1, group |, member 2}, CRH (corticotropin releasing hormone), HTRTA (5-
hydroxytryptamine (serotonin} receptor 1A), VDAC! (voltage-dependent anion channel 1),
HPSE (heparanase), SFTPD (surfactant protein D), TAP2 (transporter 2, ATP-binding cassette,
sub-family B (MDR/TAP)), RNF123 (ring finger protein 123), PTK2B (PTK2B protein tyrosine

kinase 2 beta), NTRK2 (neurotrophic tyrosine kinase, receptor, type 2), IL6R (interleukin 6
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receptor), ACHE (acetyicholinesterase (Yt blood group)), GLPIR (glucagon-like peptide 1
receptor), GHR (growth hormone receptor), GSR (glutathione reductase), NQO1 (NAD(PH
dehydrogenase, quinone 1), NRSAT (nuclear receptor subfamily 5, group A, member 1), GIB2
{gap junction protein, beta 2, 26 kDa), SLC9AT {(solute carrier family 9 (sodium/hydrogen
exchanger), member 1), MAOA (moncamine oxidase A), PCSKY (proprotein convertase
subtilisin/kexin type 9), FCGR2A (Fc¢ fragment of Ig(, low affinity Ila, receptor (CD32}),
SERPINF1 (serpin peptidase inhibitor, clade F (alpha-2 antiplasmin, pigment epithelium derived
factor), member 1), EDN3 {(endothelin 3), DHFR (dihydrofolate reductase), GAS6 {growth
arrest-specific 0}, SMPD1 (sphingomyelin phosphodiesterase 1, acid lysosomal), UCP2
{uncoupling protein 2 (mitochondrial, proton carrier)), TFAP2ZA (transcription factor AP-2 alpha
(activating enhancer binding protein 2 alpha}), CABPA (complement component 4 binding
protein, alpha), SERPINF2 (serpin peptidase inhibitor, clade F (alpha-2 antiplasmin, pigment
epithelium derived factor), member 2), TYMP (thvmidine phosphorylase), ALPP (alkaline
phosphatase, placental (Regan isozyme}), CXCR2Z (chemokine (C-X-C motif) receptor 2),
SLC39A3 (solute carrier famuly 39 {(zinc transporter), member 3), ABCG2 (ATP-binding
cassette, sub-family G (WHITE), member 2), ADA {(adenosine deaminase), JAK3 (Janus kinase
3), HSPAILA (heat shock 70 kDa protein 1A), FASN (fatty acid synthase), FGF1 (fibroblast
growth factor 1 (acidic)), F11 {coagulation factor X1}, ATP7A (ATPase, Cu++ transporting,
alpha polypeptide), CR1 {complement component (3b/4b} receptor 1 (Knops blood group)),
GFAP (glial fibrillary acidic protein), ROCK1 {Rho-associated, colled-coil containing protein
kinase 1), MECP2 (methyl CpG binding protein 2 (Rett syndrome}), MYLK (myosin light chain
kinase), BCHE ({(butyrylcholinesterase), IIPE (lipase, hormone-sensitive}, PRDXS
{peroxiredoxin 5), ADORAT (adenosine Al receptor), WRN (Werner syndrome, Rec() helicase-
fike), CXCR3 (chemokine (C-X-C motif) receptor 3), CD81 (CD81 molecule), SMAD7 (SMAD
family member 7}, LAMCZ (laminin, gamma 2), MAP3KS (mitogen-activated protein kinase
kinase kinase 5}, CHGA {chromogranin A (parathyroid secretory protein 1)), TAPP (islet amyloid
polypeptide), RHO (rhodopsin), ENPP1 (ectonucleotide pyrophosphatase/phosphodiesterase 1),
PTHLH (parathyroid hormone-like hormone), NRG! (neuregulin 1), VEGFC (vascular
endothelial growth factor ), ENPEP (glutamyl aminopeptidase {aminopeptidase A)j), CEBPB
(CCAAT/enhancer binding protein (C/EBP), beta), NAGLU (N-acetylglucosaminidase, alpha-),
F2RL3 {(coagulation factor I {thrombin) receptor-like 3), CX3CL1 (chemokine (C-X3-C motif)
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figand 1), BDKRB1 (bradykinin receptor Bl), ADAMTSI3 (ADAM metallopeptidase with
thrombospondin type 1 motif, 13), ELANE (elastase, neutrophil expressed), ENPPZ
(ectonucleotide pyrophosphatase/phosphodiesterase 23, CISH (cytokine inducible SH2-
contatning protein}), GAST (gastrin), MYOC {(myocilin, trabecular meshwork inducible
glucocorticoid response), ATPTAZ (ATPase, Na+/K+ transporting, alpha 2 polypeptide), NF1
{neurofibromin 1}, GIB1 (gap junction protein, beta 1, 32 kDa), MEFZA (myocyte enhancer
factor 2A), VCL (vinculin), BMPR2 (bone morphogenetic protein receptor, type II
{(serine/threonine kinase)), TUBB (tubulin, beta), CDCA42 {(cell division cycle 42 (GTP binding
protein, 25 kDa)), KRT18 (keratin 18), HSF1 (heat shock transcription factor 1), MYB (v-myb
myeloblastosis viral oncogene homolog (avian})), PRKAAZ2 (protein kinase, AMP-activated,
alpha 2 catalytic subunit), ROCK2 (Rho-associated, cotled-coil containing protein kinase 2},
TFPI (tissue factor pathway inhibitor (lipoprotein-associated coagulation inhibitor)), PRKGI
{protein kinase, cGMP-dependent, type I), BMP2 (bone morphogenetic protein 2), CTNND1
{catenin (cadherin-associated protein), delta 1), CTH (cystathionase (cystathionine gamma-
fvasey), CTSS (cathepsin 8), VAV2 (vav 2 guanine nucleotide exchange factor), NPY2R
{neuropeptide Y receptor Y2), IGFBP2 (insulin-like growth factor binding protein 2, 36 kDa),
CD28 (CD28 molecule), GSTAT (glutathione S-transferase alpha 1), PPIA (peptidylprolyl
isomerase A (cyclophilin A)), APOH (apolipoprotein H (beta-2-glycoprotein 1)), S100A8 (5100
calcium binding protein A8), IL11 (interleukin 11), ALOXI15 (arachidonate 15-lipoxygenase),
FBLNT (fibulin 1), NRTH3 (nuclear receptor subfamily 1, group H, member 3}, SCD (stearoyl-
CoA  desaturase (delta-O-desaturase)), GIP (gastric inhibitory polypeptide), CHGB
{chromogranin B (secretogranin 1)), PRKCB (protein kinase C, beta), SRD5SA1 (steroid-5-alpha-
reductase, alpha polypeptide 1 (3-oxo-5 alpha-steroid delta 4-dehvdrogenase alpha 1},
HSD1IB2 (hydroxysteroid (11-beta) dehvydrogenase 2}, CALCRL (calcitonin receptor-like),
GALNT?2 (UDP-N-acetyi-alpha-D-galactosamine:polypeptide N-acetylgalactosaminyltransferase
2 {GalNAc-T2)), ANGPTL4 (angiopoietin-like 4), KCNN4 (potassium interrnediate/sroall
conductance calcium-activated channel, subfamily N, member 4), PIK3C2A {phosphoinositide-
3-kinase, class 2, alpha polypeptide}, HBEGF (heparin-binding EGF-like growth factor),
CYPTAL {(cytochrome P450, family 7, subfamily A, polypeptide 1), HLA-DRBS (major
histocompatibility complex, class [, DR beta 5), BNIP3 (BCL2/adenovirus EIB 19 kDa

interacting protein 3), GCKR (glucokinase (hexokinase 4) regulator), S100A12 (S100 calcium
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binding protein Al12), PADI4 (peptidyl arginine deiminase, type IV), HSPA14 (heat shock 70
kBDa protein 14), CXCR1 {(chemokine (C-X-C motif}) receptor 1), HI9 (HIS, imprinted
maternally expressed transcript (non-protein coding)), KRTAP19-3 (keratin associated protein
19-3), IDDM2 (insulin-dependent diabetes mellitus 2}, RAC2 (ras-related C3 botulinum toxin
substrate 2 (rho family, small GTP binding protein Rac2)), RYR1 (rvanodine receptor 1|
(skeletal}), CLOCK (clock homolog (mouse)), NGFR (nerve growth factor receptor (TNFR
superfamily, member 16)), DBH {dopamine beta-hydroxylase {dopamine beta-monooxygenase}),
CHRNA4 (cholinergic receptor, nicotinic, alpha 4), CACNAIC (calcium channel, voltage-
dependent, L type, alpha 1C subunit), PRKAG?2 (protein kinase, AMP-activated, gamma 2 non-
catalytic subunit), CHAT (choline acetyltransterase), PTGDS (prostaglandin D2 syuthase 21 kDa
{(brain})), NR1HZ {(nuclear receptor subfamily 1, group H, member 2), TEK (TEK tyrosine kinase,
endothelial), VEGFB (vascular endothelial growth factor B), MEF2C (myocyte enhancer factor
2Cy, MAPKAPK?2 (mitogen-activated protein kinase-activated protein kinase 2), TNFRSF11A
{(tumor necrosis factor receptor superfamily, member 11a, NFKB activator), HSPA9 (heat shock
70 kDa protein 9 (mortalin}), CYSLTRI (cysteinyl leukotriene receptor 1), MATIA (methionine
adenosyltransferase 1, alpha), OPRL1 (opiate receptor-like 1), IMPA1 (inositol{myo)-1{or 4})-
monophosphatase 1), CLCN2 (chloride channel 2), DLD (dihydrolipocamide dehydrogenase),
PSMAG (proteasome {prosome, macropain) subunit, alpha type, 6), PSMBS (proteasome
{prosome, macropain) subunit, beta type, 8 (large multifunctional peptidase 7)), CHI3LI
{chitinase 3-like 1 (cartilage glycoprotein-39}), ALDHIB1 (aldebyde dehvdrogenase 1 family,
member B1}), PARP2 (poly (ADP-ribose) polymerase 2), STAR (steroidogenic acute regulatory
protein}, LBP (lipopolysaccharide binding protein), ABCC6 (ATP-binding cassette, sub-family
C{CFTR/MRP), member 6), RGS82 (regulator of G-protein signaling 2, 24 kDa}, EFNB2 (ephrin-
B2), GJBO (gap junction protein, beta 6, 30 kDa), APOAZ (apolipoprotein A-II), AMPDI
(adenosine monophosphate deaminase 1), DYSF (dysferlin, limb girdle muscular dystrophy 2B
{autosomal recessive}), FDFT1 (famesyl-diphosphate farnesyltransferase 1), EDN2 (endothelin
2}, CCRé (chemokine (C-C motif) receptor 6), GIB3 {gap junction protein, beta 3, 31 kDa),
ILIRLY  (interleukin 1 receptor-like 1), ENTPDI  {ectonucleoside triphosphate
diphosphohydrolase 1), BBS4 (Bardet-Bied! syndrome 4), CELSRZ {cadherin, EGF LAG seven-
pass G-type receptor 2 (flamingo homolog, Drosophila)), F1IR (Fi1 receptor), RAPGEF3 (Rap

guanine nucleotide exchange factor (GEF) 3), HYAL1 (hyaluronoglucosaminidase 1), ZNF259
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{zinc finger protein 259), ATOX1 (ATX1 antioxidant protein 1 homolog (yeast)), ATF6
(activating  transcription factor 6), KHK (ketohexokinase (fructokinase)), SAT1
(spermidine/spermine Nl-acetyltransferase 1), GGH {(gamma-glutamyl hydrolase (conjugase,
folvipolygammaglutamyl hydrolase)), TIMP4 (TIMP metallopeptidase inhibitor 4), SLC4A4
(solute carrter family 4, sodium bicarbonate cotransporter, member 4), PDEZA
{phosphodiesterase ZA, c¢GMP-stimulated), PDE3B (phosphodiesterase 3B, cGMP-inhibited),
FADST (fatty acid desaturase 1), FADS2 (fatty acid desaturase 2), TMSB4X (thymosin beta 4,
X-linked), TXNIP (thioredoxin interacting protein), LIMST (LIM and senescent cell antigen-like
domains 1)}, RHOB (ras homolog gene family, member B), LY%6 {lymphocyte antigen 906),
FOXO1 (tforkhead box O1), PNPLAZ (patatin-like phospholipase domain containing 2), TRH
(thyrotropin-releasing hormone), GJC1 (gap junction protein, gamma 1, 45 kida), SLCITAS
(solute carrier family 17 (anion/sugar transporter), member 5}, FTO (fat mass and ohesity
assoctated), GJD2 (gap junction protein, delta 2, 36 kDa), PSRC1 {(proline/serine-rich coiled-cotl
1y, CASP12 (caspase 12 {gene/pseudogene}), GPBARI (G protein-coupled bile acid receptor 1),
PXK (PX domain containing serine/threonine kinase), 1L33 (interdeukin 33), TRIB1 (tribbles
homolog 1 (Drosophila}), PBX4 (pre-B-cell leukemia homeobox 4), NUPRI (nuclear protein,
transcriptional regulator, 1), 15-Sep(15 kDa selenoprotein), CILP2 (cartilage intermediate layer
protein 2}, TERC (telomerase RNA component), GGT2 (gamma-glutamyltransferase 2}, MT-
CO1 (mitochondrially encoded cytochrome ¢ oxidase 1), and UOX (urate oxidase, pseudogene).
In an additional embodiment, the chromosomal sequence may further be selected from Ponl
{paraoxonase 1), LDLR (LDL receptor), ApoE (Apolipoprotein E), Apo B-100 (Apolipoprotein
B-100)}, ApoA (Apolipoprotein{a)), ApoAl (Apolipoprotein A1), CBS (Cystathione B-synthase),
Glycoprotein  [Ib/Ifh, MTHRYF (5,10-methylenetetrahydrofolate reductase (NADPH), and
combinations thereof. In one iteration, the chromosomal sequences and proteins encoded by
chromosomal sequences involved 1n cardiovascular disease may be chosen from CacnalC, Sodl,
Pten, Ppar(alpha), Apo E, Leptin, and combinations thereof The text herein accordingly
provides exemplary targets as to CRISPR or CRISPR-Cas systems or complexes.

{00338] Although the present invention and its advantages have been described in detail, it
should be understood that various changes, substitutions and alterations can be made heretn

without departing from the spirit and scope of the invention as defined in the appended claims.
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The present wnvention will be further illustrated in the following Examples which are given for

ilfustration purposes only and are not intended to limit the invention in any way.
Examples

Example 1 Exemplary Lipid particles

{00339] A lipid particle of the invention can be prepared as follows. Compound 80-014B 1s
prepared using N N'-dimethylpropane-1,3-diamine and 2-(decyldisuifanyljethyl acrylate. In a 5-
ml Teflon-lined glass screw-top vial, the acrylate with disulfide bonds is added to the amine at a
molar ratio of 2.4:1. The mixture is stirred at 90° C for two days. After cooling, the lipid-like
compound formed may be used without purification or purified using flash chromatography on
sitlica gel. The prepared compound optionally is characterized by proton nuclear magnetic
resonance.

{00340] The lipid-like compound prepared above 13 dissolved in sodium acetate solution (25
mM, pH=5.5} at a concentration of 1 mg/ml. Optionally, cholesterol and 1,2-dicleoyl-sn-
glycero-3-phosphoethanolamine ("DOPE") 1s also included.

{60341] A synthetic lipid nanoparticle, comprising either pure synthetic lipid or synthetic lipid
in combination with an excipient, such as cholesterol, PEGylated lipid or DOPE, at a particular
concentration (for example, 0. lmg/ml — 2mg/ml}, 15 mixed with a viral particles (for example, an
AAV viral particle). In a typical experiment, the AAV concentration is 10”7 AAV/ug lipid
nanoparticle. After mixing, the mixture is left at room temperature for 15min. Before imaging,
the sample is mixed using vortex for 1min.

{00342] In one embodiment, an AAV composition, comprising AAV capsids or capsid
subunit proteins is introduced into the resulting mixture and incubated for 15 minutes at room
temperature. {The AAV capsids and capsid subunit proteins can be wild type capsid subunits or
further contain hybrid AAY capsid subunits comprising heteroclogous proteins or peptides.} The
weight ratio between the lipid-like compound and AVY component is varied, for example 5:1,
10:1, 20:1, or 50:1. The complex composition thus prepared is ready for use in cells.

Example 2: Hybrid AAV-lipid particle

{00343] Hybnd AAV-lipid particles were formulated by rixing AAVSE vector with lipid
nanoparticles encasing purified negatively supercharged CRE recombinase protein (10° AAV

virtons per pg lipid). The hybrnid AAV-lipid particles were used to infect HEK293T cells.
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Protein delivery of CRE by the hybrid AAV-lipid particle was compared to hpid-CRE

formulation 48 hours post transfection using a DsRed reporter for CRE activity. (Fig. 16)

Example 3: Exterior Cas9

{00344] Construct A encodes AAVO.eSpCas9 (G453, Construct B encodes AAVY capsid.
Equal moles of construct A and construct B were transfected in HEK293 cells, along with cis
genome and adenoviral helper plasmid pDF6 (Puresvn Inc ), and purified by iodixanol-based
ultracentrifugation. Cas9 incorporation 1o ~1.4 g/ce iodixanol fractions was tested by western
blotting for VP (AAV capsid proteins VP1-3} and Cas9. The ratic of the constructs A and B is
changed to vary the proportion of wt capsid:hybrid capsid in AAV particles.

{80345] Construct A encodes AAV9.e8pCas9 ((G45)3

{00346] GTCGACGGTATCGGGGGAGCTCGCAGGGTCTCCATTTTGAAGCGGGAGGT
TTGAACGCGCAGCCGCCATGCCGGGGTTTTACGAGATTIGTGATTAAGGTCCCCAGCG
ACCTTGACGAGCATCTGCCCGGCATTTCTGACAGCTTTGTGAACTGGGTGGCCGAGA
AGGAATGGGAGTTGCCGCCAGATTCTCGACATGGATCTGAATCTGATTGAGCAGGCA
CCCCTGACCGTGGCCGAGAAGCTGCAGCGCGACTTTCTGACGGAATGGCGCCGTGT
GAGTAAGGCCCCGGAGGCTCTTITTICTTITGTGCAATTTGAGAAGGGAGAGAGCTACTT
CCACATGCACGTGCTCGTGGAAACCACCGGGGTGAAATCCATGGTTTTGGGACGTTT
CCTGAGTCAGATTCGCGAAAAACTGATTCAGAGAATTTACCGCGGGATCGAGCCGA
CTTTGCCAAACTGGTTCGCGGTCACAAAGACCAGAAATGGLGCCGGAGGCGGGAAC
AAGGTGGTGGATGAGTGCTACATCCCCAATTACTTGCTCCCCAAAACCCAGCCTGAG
CTCCAGTGGGCOTGGACTAATATGGAACAGTATTTAAGCGCCTGTTTGAATCTICACG
GAGCGTAAACGGTTGGTGGCGCAGCATCTGACGCACGTGTCGCAGACGCAGGAGCA
GAACAAAGAGAATCAGAATCCCAATTCTGATGCGCCGGTGATCAGATCAAAAACTT
CAGCCAGGTACATGGAGCTGGTCGGGTGGCTCGTGGACAAGGGGATTACCTCGGAG
AAGCAGTGGATCCAGGAGGACCAGGCCTCATACATCTCCTTCAATGCGGCCTCCAA
CTCGCGGTCCCAAATCAAGGCTGCCTTGGACAATGCGGGAAAGATTATGAGCCTGA
CTAAAACCGCCCCCGACTACCTGGTGGGCCAGCAGCCCGTGGAGGACATTTCCAGC
AATCGGATTTATAAAATTTTGGAACTAAACGGGTACGATCCCCAATATGCGGCTTCC
GTCTTTCTGGGATGGGCCACGAAAAAGTTCGGCAAGAGGAACACCATCTGGCTGTTT
GGGCCTGCAACTACCGGGAAGACCAACATCGCGGAGGCCATAGCCCACACTGTGLC
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CTTCTACGGOTGCOTAAACTGOACCAATGAGAACTTTCCCTTCAACGACTGTGTCGA
CAAGATGOTGATCTGGTGGOAGGAGGGUAAGATGACCGCCAAGGTCGTGGAGTCGG
CCAAAGCCATTCTCGGAGGAAGCAAGGTGCGCGTGOACCAGAAATGCAAGTCCTCG
GCCCAGATAGACCCGACTCCCGTGATCGTCACCTCCAACACCAACATGTGCGCCGTG
ATTGACGGGAACTCAACGACCTTCGAACACCAGCAGCCGTTGCAAGACCGGATGTT
CAAATTTGAACTCACCCGUCGTCTGGATCATGACTTTGGGAAGOGTCACCAAGCAGGA
AGTCAAAGACTTTTTCCGUTGOGCAAAGGATCACGTGOTTGAGGTGGAGCATGAAT
TCTACGTCAAAAAGGUGTGGAGCCAAGAAAAGACCCGCCCCCAGTGACGCAGATATA
AGTGAGCCCAAACGOGGTOCGUGAGTCAGTTGUGCAGCCATCGACGTCAGACGCGGA
AGCTTCGATCAACTACGCGGACAGGTACCAAAACAAATOTTCTCGTCACGTGGGCAT
GAATCTGATGUTGTTTCCCTGCAGACAATGUCGAGAGACTGAATCAGAATTCAAATAT
CTGCTTCACTCACGGTGTCAAAGACTGTTTAGAGTGCTTITCCCGTGTCAGAATCTICA
ACCCOGTTTCTOGTCGTCAAAAAGGCOGTATCAGAAACTOGTGCTACATTCATCACATCAT
GGGAAAGGTGCCAGACGCTTGCACTGCTTGCGACCTGGTCAATGTGGACTTGGATG
ACTOGTOTTTCTGAACAATAAATGACTTAAACCAGGTATGAGTCGGCTGGATAAATCT
AAAGTCATAAACGGCGCTCTGGAATTACTCAATGAAGTCGOGTATCGAAGGCCTGALC
GACAAGGAAACTCGCTCAAAAGCTGGGAGTTGAGCAGCCTACCCTGTACTGGCACG
TGAAGAACAAGCGGGLCCTGUTCGATGCCCTOGUCATCGAGATGCTGGACAGGCAT
CATACCCACTTCTOGCCCCCTGGAAGGCGAGTCATGGCAAGACTTTCTGCGGAACAAC
GCCAAGTCATTCCGUTGTGCTCTCCTCTCACATCGCGACGGOGGUCTAAAGTGCATCTC
GGCACCCOGCCCAACAGAGAAACAGTACGAAACCCTGGAAAATCAGCTCGCGTTCCT
GTGTCAGCAAGGUTTCTCCCTGGAGAACGCACTGTACGUTCTOTCCGCCGTGGLCCA
CTTTACACTGGGCTGCOTATTGGAGGAACAGGAGUCATCAAGTAGCAAAAGAGGAAA
GAGAGACACCTACCACCGATTCTATGCCCCCACTTCTGAGACAAGCAATTGAGCTGT
TCGACCOGGUCAGGGAGCCGAACCTGCCTTCCTTTTCGGCCTGOAACTAATCATATGTG
GCCTGGAGAAACAGCTAAAGTGCGAAAGCGOGCGOGLCGOCCGACGCCCTTGACGAT
TTTGACTTAGACATGUTCCCAGCCGATGUCCTTGACGACTTTGACCTTGATATGCTGE
CTGCTGACOCTCTTGACGATTTTGACCTTGACATGCTCCCCGGGTAAATGCATGAAT
TCGATCTAGAGGGCCCTATTCTATAGTOGTCACCTAAATGCTAGAGCTCGCTGATCAG
CCTCGACTOTGCCTTCTAGTTGCCAGCCATCTGTTOTTTIGCCCCTCCCCCGTGCCTTC
CTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGC
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ATCGCATTGTCTOGAGTAGGTGTCATTCTATTCTGOGGGGOGTGGGGTGGGGCAGGACAG
CAAGGGGGAGGATTOGGAAGACAATAGCAGGCATGCTGOGGGATGUGGTGGHGCTCTA
TGGCTTCTGAGGCGGAAAGAACCAGCTOGGGCTCGAATCAAGCTATCAAGTGCCAC
CTGACGTCTCCCTATCAGTOATAGAGAAGTCGACACGTCTCGAGCTCCCTATCAGTG
ATAGAGAAGGTACGTCTAGAACGTCTCCCTATCAGTGATAGAGAAGTCGACACGTC
TCGAGCTCCCTATCAGTGATAGAGAAGGTACGTCTAGAACGTCTCCCTATCAGTGAT
AGAGAAGTCCGACACOGTCTCGAGUTCCCTATCAGTGATAGAGAAGGTACGTCTAGAA
COTCTCCCTATCAGTGATAGAGAAGTCGACACGTCTCOGAGCTCCCTATCAGTGATAG
AGAAGGTACCCCCTATATAAGCAGAGAGATCTGTTCAAATTTGAACTGACTAAGCG
GCTCCCGCCAGATTTTGGCAAGATTACTAAGCAGGAAGTCAAGGACTTTTTITGCTTG
GOCAAAGGTCAATCAGGTGCCGGTGACTCACGAGTTTAAAGTTCCCAGGGAATTOG
CGGGAACTAAAGGOGCGGAGAAATCTCTAAAACGCCCACTGGGTGACGTCACCAAT
ACTAGCTATAAAAGTCTGGAGAAGCGGOGCCAGGCTCTCATTTGTITCCCGAGACGCCT
CGCAGTTCAGACGTGACTOTTOGATCCCGCTCCTCTGCGACCGCTAGCTTCGATCAAL
TACGCGOACAGOTACCAAAACAAATOTTCTCGTCACGTGGOGCATGAATCTOGATOCTG
TTTCCCTGCAGACAATGUGAGAGACTGAATCAGAATTCAAATATCTGUTTCACTCAL
GOGTOGTCAAAGACTGTTTAGAGTGCTTTICCCGTGTCAGAATCTCAACCCOGTTTICTGTCG
TCAAAAAGGCGTATCAGAAACTOTGUCTACATTCATCACATCATOGGGAAAGGTGCCA
GACGCTTGCACTGCTTGCGACCTOGTCAATGTGGACTTGGATGACTOTGTTTCTGAA
CAATAAATGACTTAAACCAGGTATGGUCTGCCGATOGGTTATCTTCCAGATTGGCTCGA
GGACAACCTTAGTGAAGGAATTCGCGAGTGOTGOGCTTTGAAACCTGGAGCCCCTC
AACCCAAGOGCAAATCAACAACATCAAGACAACGUCTCGAGGTCTTGTGCTTCCGOGOGT
TACAAATACCTTGGACCCGOGCAACGGACTCGACAAGGGGGAGUCGGTCAACGCAGC
AGACGCGGCOGCCCTCGAGCACGACAAGGCCTACGACCAGCAGCTCAAGGCCGGA
GACAACCCGTACCTCAAGTACAACCACGCCGACGCCGAGTTCCAGGAGCGOGCTCAA
AGAAGATACGTCTTTTGGOOGOCAACCTCGGGCOAGCAGTCTTCCAGGCCAAAAAGA
GGUTTCTTGAACCTCTTGGTCTGGTTGAGOGAAGCGGCTAAGACGGCTCCTGGAAAGA
AGAGGCCTOTAGAGCAGTCTCCTCAGGAACCGLGACTCCTCCGCGGOTATTGGCAAA
TCGOGGTGCACAGCCCGUTAAAAAGAGACTCAATTTCGOTCAGACTGGUGACACAGA
GTCAGTCCCAGACCCTCAACCAATCGGAGAACCTCCCGCAGCCCCCTCAGGTGTIGG
GATCTCTTACAATOGGCTTCAGOGTGOGTGGCGUCACCAGTGGCAGACAATAACGAAGGT
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GCCGATGGAGTGOGOGTAGTTCCTCGGGAAATTGGCATTGCGATTCCCAATGOGCTGGGE
GACAGAGTCATCACCACCAGCACCCGAACCTGGGUCCTGUCCACCTACAACAATCA
CCTCTACAAGCAAATCTCCAACAGCACATCTGGAGGATCTTCAAATGACAACGCCTA
CTTCOGGCTACAGCACCCCCTOGOGGOTATTTTGACTTCAACAGATTCCACTGCCACTT
CTCACCACOTGACTGGCAGCGACTCATCAACAACAACTGGGOATTCCGGCCTAAGC
GACTCAACTTCAAGUTCTTCAACATTCAGGTCAAAGAGGTTACGGACAACAATGGA
GTCAAGACCATCGCCAATAACCTTACCAGCACGGTCCAGGTCTTCACGGACTCAGAC
TATCAGCTCCCGTACGTGCTCGOUGTCGGLTCACGAGGGUTGCCTCCCGCCOGTTCCCA
GCOGGACGTTTITCATGATTCCTCAGTACGGOTATCTGACGCTTAATGATGGAAGCCAG
GCCOTGOOGTCOTTCOGTCCTTTTACTOGCCTGGAATATTTCCCOTCGCAAATGCTAAGA
ACGGOGTAACAACTTCCAGTTCAGUTACGAGTTTGAGAACGTACCTTTCCATAGCAGC
TACGCTCACAGCCAAAGCCTGGACCGACTAATGAATCCACTCATCGACCAATACTTG
TACTATCTICTICTAGAACTATTAACGGTTCTGGACAGAATCAACAAACGUCTAAAATTC
AGTGTGGCCGOACCCAGCAACATGGCTGTCCAGGGAAGAAACTACATACCTGGACC
CAGCTACCGACAACAACGTGTCTCAACCACTGTOGACTCAAAACAACAACAGCGAAT
TTGCTTGGCCTGGAGCTTICTTCTTGGOGCTCTCAATGOGACGTAATAGCTTGATGAATCC
TGGACCTGCTATGGCCAGCCACAAAGAAGGAGAGGACCGTTTCTTITCCTTTGTCTGG
ATCTTTAATTTTTGGCAAACAAGGTACCGGCAGAGACAACGTGGATGUCGGACAAAG
TCATGATAACCAACGAAGAAGAAATTAAAACTACTAACCCGGTAGCAACGGAGTCC
TATGOGACAAGTGGUCACAAACCACCAGAGTGUCCCAAGGAGGGGOGAGGATCAGGCG
GTGGAGOTAGTGGAGGAGGCGOGAGCCATCACCACCACCATCACATOGGUCCCAAAG
AAGAAGCGGAAGGTCGGTATCCACGOGAGTCCCAGCAGUCGACAAGAAGTACAGCA
TCOGGCCTGGACATCGGCACCAACTCTGTGGGUTGGGCCOGTGATCACCGACGAGTAC
AAGGTOGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCATCAA
GAAGAACCTGATCGGAGCCCTGCTGTTCGACAGUCGGUGAAACAGCCGAGGCCACCC
GGCTGAAGAGAACCGUCAGAAGAAGATACACCAGACGGAAGAACCGOGATCTGCTA
TCTGCAAGAGATCTTCAGCAACGAGATGGCCAAGGTGGACGACAGCTTCTTCCACA
GACTGGAAGAGTCCTTICCTGOTGGAAGAGCGATAAGAAGCACGAGCGGCACCCCATC
TTCGGCAACATCGTGOACGAGGTGGUCTACCACGAGAAGTACCCCACCATCTACCA
CCTGAGAAAGAAACTOGGTGGACAGCACCGACAAGGCCGACCTGCGGCTGATCTATC
TGGCCCTGGCCCACATCGATCAAGTTCCGOGOGGUCACTTCCTGATCGAGGGCGACCTGA
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ACCCCGACAACAGCGACGTGOACAAGCTOGTTICATCCAGCTGGTGCAGACCTACAALC
CAGCTGTTCGAGGAAAACCCCATCAACGCCAGCGOGCGTGGACGCCAAGGCCATCCY
GTCTGCCAGACTGAGCAAGAGCAGACGGCTGGAAAATCTGATCGCCCAGCTGCCCG
GCGAGAAGAAGAATGGUCTGTTCGGAAACCTGATTGCCCTGAGUCTGGGUCTGACC
CCCAACTTCAAGAGCAACTTCGACCTGGCCOGAGGATGCCAAACTGCAGCTGAGCAA
GOACACCTACGACGACGACCTGGACAACCTOGCTGOGCCCAGATCGOCGACCAGTALCG
CCGACCTOTTTCTOGGUCGCCAAGAACCTGTCCGACGCCATCCTGCTGAGCGACATCC
TGAGAGTGAACACCGAGATCACCAAGGCCCCCCTGAGCGCCTCTATGATCAAGAGA
TACGACGAGCACCACCAGUACCTGACCCTGUTGAAAGCTCTCGTGCGGCAGCAGCT
GUCTGAGAAGTACAAAGAGATTTICTTCGACCAGAGCAAGAACGGCTACGCCGGCT
ACATTGACGGCGOAGCCAGUCAGGAAGAGTTCTACAAGTTCATCAAGCCCATCCTG
GAAAAGATGGACGGCACCGAGGAACTGCTCGTGAAGCTGAACAGAGAGGACCTGCT
GCGOAAGCAGCGUGACCTTCGACAACGGCAGCATCCCCCACCAGATCCACCTGGGAG
AGCTGCACGCCATTICTGCGGCGOCAGGAAGATTTTITACCCATTCCTGAAGGACAACC
GOGGAAAAGATCGAGAAGATCCTGACCTTCCGCATCCCCTACTACGTGGGCCCTCTGG
CCAGOGGGAAACAGCAGATTCGUCTGGATGACCAGAAAGAGCGAGGAAACCATCAC
CCCCTGGAACTTCGAGGAAGTGOGTGOACAAGGGCGCTTCCGUCCAGAGCTTCATCG
AGCGGATGACCAACTTCGATAAGAACCTGCCCAACGAGAAGGTGCTGUCCAAGCAC
AGCCTGCTGTACGAGTACTTCACCGTOTATAACGAGCTGACCAAAGTGAAATACGTG
ACCGAGGGAATGAGAAAGCCCGUCTTCCTGAGUGGUGAGCAGAAAAAGGCCATCGT
GGACCTGCTGTTCAAGACCAACCGGAAAGTGACCGTGAAGCAGCTGAAAGAGGACT
ACTTCAAGAAAATCGAGTGUTTCGACTCOGTGOAAATCTCOGGUCGTGGAAGATCGOT
TCAACGCCTCCCTGGGCACATACCACGATCTGCTGAAAATTATCAAGGACAAGGAC
TTCCTGGACAATGAGGAAAACGAGGACATTCTGGAAGATATCGTGCTGACCCTGAC
ACTGTTTGAGGACAGAGAGATGATCGAGGAACGGCTGAAAACCTATGCCCACCTOT
TCGACGACAAAGTGATGAAGCAGCTOGAAGCGGCGGAGATACACCGGCTGGGGCAG
GCTGAGCCGGAAGUTGATCAACGGCATCCOGGHOACAAGCAGTCCGGCAAGACAATCC
TGGATTTCCTGAAGTCCGACGOUTTCGUCCAACAGAAACTTCATGCAGCTGATCCACG
ACGACAGCCTGACCTTTAAAGAGGACATCCAGAAAGCCCAGGTGTCCGGUCAGGGL
GATAGCCTGCACGAGCACATTGCCAATCTGGCCGGCAGCCCCGCCATTAAGAAGGE
CATCCTGCAGACAGTGAAGGTGGTGGACGAGCTCGTGAAAGTGATGGOGCCGGCACA
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AGCCCGAGAACATCOTGATCGAAATGOGCCAGAGAGAACCAGACCACCCAGAAGGE
ACAGAAGAACAGUCGCGAGAGAATGAAGCGUATCGAAGAGGGUCATCAAAGAGCTG
GGCAGCCAGATCCTGAAAGAACACCCCGTGGAAAACACCCAGCTGCAGAACGAGA
AGCTOGTACCTGTACTACCTGUAGAATGGOCGOGGATATGTACGTGGACCAGGAACTG
GACATCAACCGGCTGTCCGACTACGATGTGGACCATATCGTGCCTCAGAGCTTTICTG
GUGGACGACTCCATCGACAACAAGGTGCTGACCAGAAGCGACAAGAACCGHGGGCA
AGAGCGACAACGTGCCCTCCGAAGAGGTCOGTGAAGAAGATGAAGAACTACTGGUGG
CAGCTGCTGAACGCCAAGCTGATTACCCAGAGAAAGTTCGACAATCTGACCAAGGC
CGAGAGAGGUGGCCTGAGCGAACTGGATAAGGCCGOGCTTCATCAAGAGACAGCTGG
TGGAAACCCGGCAGATCACAAAGCACGTGGCACAGATCCTGGACTCCCGGATGAALC
ACTAAGTACGACGAGAATGACAAGUCTGATCCGGGAAGTGAAAGTGATCACCCTGAA
GTCCAAGCTGGTGTCCGATTTCCGGAAGGATTTCCAGTTTITACAAAGTGCGCGAGAT
CAACAACTACCACCACGCCCACGACGUCTACCTGAACGUCCGTCOTGGGAACCGCCC
TGATCAAAAAGTACCCTGCGCTGGAAAGCGAGTTCGTGTACGGCGACTACAAGGTG
TACGACOGTGCGGAAGATGATCGCCAAGAGCGAGCAGGAAATCOGGCAAGGCTACCG
CCAAGTACTTICTTCTACAGCAACATCATGAACTTTTTCAAGACCGAGATTACCCTGG
CCAACGGCGAGATCCGOAAGGUCGCCTCTGATCGAGACAAACGGCGAAACCGGGGA
GATCOGTGTGGGATAAGOGGUCGGGATTTTGCCACCGTGCGGAAAGTGUTGAGCATGC
CCCAAGTOAATATCOTGAAAAAGACCGAGGTGCAGACAGGCGOCTTCAGCAAAGAG
TCTATCCTGCCCAAGAGGAACAGUGATAAGCTGATCGUCAGAAAGAAGGACTGGGA
CCCTAAGAAGTACGGCGGCTTCGACAGCCCCACCGTOGGCCTATTCTOTGCTGGTGGT
GGUCCAAAGTGGAAAAGGGUCAAGTCCAAGAAACTGAAGAGTGTGAAAGAGCTGETG
GGOATCACCATCATGGAAAGAAGCAGCTTCGAGAAGAATCCCATCGACTTTCTGGA
AGCCAAGGGCTACAAAGAAGTGAAAAAGGACCTGATCATCAAGCTGCCTAAGTACT
CCCTGTTCGAGCTGOAAAACGGUCGGAAGAGAATGUTGGUCTCTGCCGGUGAACTG
CAGAAGGGAAACGAACTGGCCCTGCCCTCCAAATATGTGAACTTCCTGTACCTGGOC
AGCCACTATGAGAAGCTGAAGGGUTCCCCCGAGGATAATGAGCAGAAACAGCTGTT
TGTGGAACAGCACAAGCACTACCTGGACGAGATCATCGAGCAGATCAGCGAGTTCT
CCAAGAGAGTGATCCTGGUCGACGCTAATCTGGACAAAGTGUTGTCCGCCTACAAL
AAGCACCGGCATAAGCCCATCAGAGAGCAGGCCGAGAATATCATCCACCTGTTTAC
CCTGACCAATCTOGGGAGCCCCTOGUCGCCTTCAAGTACTTTGACACCACCATCGACCG

143



WO 2018/191750 PCT/US2018/027793

GAAGAGGTACACCAGCACCAAAGAGGTGCTGGACGCCACCCTGATCCACCAGAGCA
TCACCGOGCCTGTACGAGACACGGATCGACCTGTCTCAGCTGHGGAGGCGACAAAAGG
CCGGCGGCCACGAAAAAGGCCGGCCAGGCAAAAAAGAAAAAGGGAGGGGGAGGA
TCAGGCGOGTGOAGGTAGTGGAGGAGGUGGOAGCGCACAGGCGCAGACCGOHTTOGE
TTCAAAACCAAGGAATACTTCCGGGTATGOTTTGGCAGGACAGAGATGTGTACCTGC
AAGOGACCCATTTGGGCCAAAATTCCTCACACGGACGGCAACTTTCACCCTTCTCCGO
TGATGGGAGGGTTTGGAATGAAGCACCCGCCTCCTCAGATCCTCATCAAAAACACA
CCTGTACCTGCGOATCCTCCAACGOUCTTCAACAAGGACAAGCTGAACTCTTTICATC
ACCCAGTATTCTACTGOGCCAAGTCAGCGTGGAGATCGAGTGGOAGCTGCAGAAGGA
AAACAGCAAGCGCTGGAACCCGGAGATCCAGTACACTTCCAACTATTACAAGTCTA
ATAATGTTGAATTTGCTGTTAATACTGAAGGTGTATATAGTGAACCCCGCCCCATTG
GCACCAGATACCTGACTCGTAATCTGTAATTGUTTGTTAATCAATAAACCGTTTAATT
COTTTCAGTTGAACTTTGGTCTCTGCGAAGGGUCGAATTCOTTTAAACCTGCAGGACT
AGAGGTCCTGTATTAGAGGTCACGTGAGTGTTTTGCGACATTTTGCGACACCATGTG
GTCACGCTGGGTATTTAAGCCCGAGTGAGCACGCAGGGTCTCCATTTTGAAGCGGGA
GOTTTGAACGUGCAGCCGUCAAGCCGAATTCTGCAGATATCCATCACACTGGCOGGL
CGCTCGACTAGAGCGGCCOGCCACCOGCGOTGOGAGCTCCAGCTTTTOTTCCCTTTAGTG
AGOGTTAATTGCOGCGCTTGGUCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTG
TTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCT
GOGOTGUCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGOTT
TCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGE
AGAGGCGOTTTGCGTATTGGGUGCTCTTICCGUTTCCTCGUTCACTGACTCGCTGCGLT
COGOTCOTTCGOCTGUCGGUGAGUGGTATCAGCTCACTCAAAGGCOGGTAATACGGTTAT
CCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAA
GOGCCAGGAACCGTAAAAAGGCCOCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCO
TGACGAGCATCACAAAAATCOGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGALC
TATAAAGATACCAGGCOGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGA
CCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTICGGGAAGCGTGGCGCTTIC
TCATAGCTCACGUTGTAGGTATCTCAGTTCGGTOGTAGGTCGTTCGCTCCAAGCTGOGE
CTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTOCGUCTTATCCGGTAACTATCG
TCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAA
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CAGGATTAGCAGAGCGAGOTATGTAGGCGOGTGCTACAGAGTTCTTGAAGTGETOGC
CTAACTACGGUTACACTAGAAGAACAGTATTTOGGTATCTGCGUCTCTGCTGAAGCCAG
TTACCTTCGGAAAAAGAGTTGOTAGCTCTTGATCCGOGCAAACAAACCACCGCTGOTA
GCGOTGOTTTTTITTOTTTGCAAGCAGCAGATTACGUGCAGAAAAAAAGGATCTCAAG
AAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTT
AAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATT
AAAAATCGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTT
ACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTOGTCTATTTCGTTCATCCAT
AGTTGCCTGACTCCCCOGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGG
CCCCAGTGCTGCAATCGATACCGUOAGACCCACGCTCACCOGGUTCCAGATTTATCAGC
AATAAACCAGCCAGCCGGAAGGOGCCGAGCGLCAGAAGTGOGTCCTGCAACTTTATCCG
CCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTA
ATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCOTGGTGTCACGCTCGTCGTT
TOGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCC
CATOTTOTGCAAAAAAGCGOGTTAGCTCCTTCGGTCCTCCOATCOTTGTCAGAAGTAA
GTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTICTCTTACTGTC
ATGCCATCCGTAAGATOGCTTTTCTGTGACTGUGTGAGTACTCAACCAAGTCATTICTGA
GAATAGTGTATGCGGCGACCOGAGTTGCTCTTGUCCGOGCGTCAATACGGGATAATACC
GCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTICGGGGCGA
AAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGLA
CCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTITTCTGGGTGAGCAAAAACA
GGAAGGCAAAATGCCOGCAAAAAAGGGAATAAGGGCGACACGOGAAATGTTGAATAL
TCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAG
CGGATACATATTTGAATOGTATTTAGAAAAATAAACAAATAGOGGOTTCCGCGCACATT
TCCCCGAAAAGTGCCACCTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTA
AATTTTTOTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGOGCAAAATCCCTT
ATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTOTTGTITCCAGTTTGGAACAAG
AGTCCACTATTAAAGAACGTGOACTCCAACGTCAAAGGGCGAAAAACCGTCTATCA
GOGCOGATOGGUCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAGHGTG
CCOTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACGGE
GAAAGCCGOCOGAACGTOGGCOAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGGCG
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CTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCGLG
CTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGTTGG
GAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATG
TGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGTAA
AACGACGGCCAGTGAGCGCGCGTAATACGACTCACTATAGGGCGAATTGGGTACCG
GGCCCCCCCTCGATCGAG

i80347] Construct B encodes AAVO capsid:

{00348] ATGCCGGOGGTTTTACGAGATTGTGATTAAGGTCCCCAGCGACCTTIGACGA
GCATCTGCCCGGCATTTCTGACAGCTTTGTGAACTGGGTGGCCGAGAAGGAATGGE
AGTTGCCGCCAGATTCTGACATGGATCTGAATCTGATTGAGCAGGCACCCCTGACCG
TGGCCGAGAAGCTGCAGCGUGACTTTCTGACGGAATGGCGCCGTGTGAGTAAGGCC
CCGGAGGCTCTTTTCTTTGTGCAATTTGAGAAGGGAGAGAGCTACTTCCACATGCAC
GTGCTCOTGGAAACCACCGGOGTGAAATCCATGOTTTTGGGACGTTTCCTGAGTCAG
ATTCGCGAAAAACTGATTCAGAGAATTTACCGCGGGATCGAGCCGACTTTGCCAAA
CTGOTTCGCGGTCACAAAGACCAGAAATOGCGCCGGAGGCGGGAACAAGGTGGTGG
ATGAGTGCTACATCCCCAATTACTTGCTCCCCAAAACCCAGCCTGAGCTCCAGTGGG
COTGGACTAATATGGAACAGTATTTAAGCGCCTGTTTGAATCTCACGGAGCGTAAAC
GGTTGGTGGCGCAGCATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACAAAGAG
AATCAGAATCCCAATTCTGATGCGCCGGTGATCAGATCAAAAACTTCAGCCAGGTAC
ATGGAGCTGGTCGGOTGGCTCGTGGACAAGGGGATTACCTCGGAGAAGCAGTGGAT
CCAGGAGGACCAGGCCTCATACATCTCCTTCAATGCGGCCTCCAACTCGCGGTCCCA
AATCAAGGCTGCCTTGGACAATGCGGGAAAGATTATGAGCCTGACTAAAACCGCCC
CCGACTACCTGGTGGGCCAGCAGCCCGTGGAGGACATTTCCAGCAATCGGATTTATA
AAATTTTGGAACTAAACGGGTACGATCCCCAATATGCGGCTTCCGTCTTTCTGGGAT
GGGCCACGAAAAAGTTCGGCAAGAGGAACACCATCTGGCTGTTTGGGCCTGCAACT
ACCGGGAAGACCAACATCGCGGAGGCCATAGCCCACACTGTGCCCTTCTACGGGTG
COTAAACTGGACCAATGAGAACTTTCCCTTCAACGACTGTGTCGACAAGATGOTGAT
CTGGTGGGAGGAGGGGAAGATGACCGCCAAGGTCGTGGAGTCGGCCAAAGCCATTC
TCGOAGGAAGCAAGGTGCGUGTGGACCAGAAATGCAAGTCCTCGGUCCAGATAGAC
CCGACTCCCGTGATCGTCACCTCCAACACCAACATGTGCGCCGTGATTGACGGGAAC
TCAACGACCTTCGAACACCAGCAGCCGTTGCAAGACCGGATGTTCAAATTTGAACTC
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ACCCGUCOTCTGOATCATCGACTTTGGGAAGOTCACCAAGCAGGAAGTCAAAGACTT
TTTCCGGTOGGGCAAAGGATCACGTGGTTGAGOGTGGAGCATGAATTCTACGTCAAAA
AGGGTGOAGCCAAGAAAAGACCCOCCCCCAGTGACGCAGATATAAGTGAGCCCAA
ACGGGTGCGCGAGTCAGTTGCGCAGUCATCGACGTCAGACGCGGAAGCTTCGATCA
ACTACGCGGACAGGTACCAAAACAAATGTTICTCGTCACGTGGGCATGAATCTGATG
CTGTTTCCCTGCAGACAATGCGAGAGACTGAATCAGAATTCAAATATCTGCTTCACT
CACGOTGTCAAAGACTGTTTAGAGTGCTTTCCCGTGTCAGAATCTCAACCCGTTTCT
GTCGTCAAAAAGGCGTATCAGAAACTOTGCTACATTCATCACATCATGGGAAAGGT
GCCAGACGUTTGCACTGCTTGCGACCTGGTCAATOTGGACTTGGATGACTGTGTTTIC
TOAACAATAAATGACTTAAACCAGGTATGAGTCGGCTGGATAAATCTAAAGTCATA
AACGGCGCTCTGGAATTACTCAATGAAGTCGOGTATCGAAGOGCCTGACGACAAGGAA
ACTCGCTCAAAAGCTGGGAGTTGAGCAGCCTACCCTGTACTGGCACGTGAAGAACA
AGCGGOGCCCTOGCTCGATGUCCTGGCCATCGAGATOGCTGGACAGGUATCATACCCALCT
TCTGCCCCCTGGAAGGCGAGTCATGGCAAGACTTTCTGCGGAACAACGCCAAGTCA
TTCCGUCTGTGCTCTCCTCTCACATCGCGACGGGGUTAAAGTGCATCTCGGCACCCGL
CCAACAGAGAAACAGTACGAAACCCTGUGAAAATCAGCTCOGCGTTCCTOGTGTCAGCA
AGGCTTCTCCCTGGAGAACGCACTOGTACGCTCTGTCCGCCGTGGGUCCACTTTACACT
GGOGCTGCGTATTGOAGGAACAGGAGUATCAAGTAGCAAAAGAGGAAAGAGAGACA
CCTACCACCOGATTCTATGCCCCCACTICTGAGACAAGCAATTGAGCTGTTCGACCGG
CAGGOAGCCGAACCTGCCTTCCTTTTCGGUCTGGAACTAATCATATGTGGCCTGGAG
AAACAGCTAAAGTGCGAAAGCGGCOGGCCOGGCCCGACGCCCTTGACGATTTITGACTT
AGACATGCTCCCAGUCGATGCCCTTGACGACTTTGACCTTGATATGCTGUCCTGCTGA
CGCTCTTGACGATTTTGACCTTGACATGUTCCCCGOGTAAATGCATGAATTCGATCT
AGAGGGCCCTATTCTATAGTGTCACCTAAATGCTAGAGCTCGCTGATCAGCUTCGALC
TGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTIGUCTTCCTTGACC
CTOGAAGGTGCCACTCCCACTGTCCTTITCCTAATAAAATGAGGAAATTGCATCGCAT
TGTCTGAGTAGGTGTCATTCTATTICTGOGOGGOTGOGGOTGGGGCAGGACAGCAAGGE
GGAGGATTGGOGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGOCTCTATGGCTT
CTGAGGCGGAAAGAACCAGUTGGOGUTCGAATCAAGCTATCAAGTGCCACCTGACG
TCTCCCTATCAGTGATAGAGAAGTCGACACGTCTCGAGCTCCCTATCAGTGATAGAG
AAGGTACGTCTAGAACGTCTCCCTATCAGTGATAGAGAAGTCOGACACGTCTCGAGCT
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CCCTATCAGTOGATAGAGAAGGTACGTCTAGAACOGTCTCCCTATCAGTGATAGAGAA
GTCGACACGTCTCGAGUCTCCCTATCAGTGATAGAGAAGGTACGTCTAGAACGTCTCC
CTATCAGTGATAGAGAAGTCGACACGTCTCGAGCTCCCTATCAGTGATAGAGAAGG
TACCCCCTATATAAGCAGAGAGATCTGTTCAAATTTGAACTGACTAAGCGGCTCCCG
CCAGATTTTGGCAAGATTACTAAGCAGGAAGTCAAGGACTTTTTTGCTTGGGCAAAG
GTCAATCAGOGTGUCGOGTGACTCACGAGTTTAAAGTTCCCAGGGAATTGGCGGGAAL
TAAAGGOGGUGGAGAAATCTCTAAAACGUCCCACTGGOTGACGTCACCAATACTAGCT
ATAAAAGTCTGOGAGAAGCGGGCCAGGCTCTCATTTIGTTICCCGAGACGCCTCGCAGTT
CAGACOGTGACTGTTGATCCCGUTCCTCTGUGACCGUTAGUTTCGATCAACTACGCGG
ACAGGTACCAAAACAAATOGTTICTCGTCACGTGOGCATGAATCTGATGCTGTTTCCCT
GCAGACAATGCGAGAGACTGAATCAGAATTCAAATATCTGCTTCACTCACGGTGTCA
AAGACTGTTTAGAGTGCTTTCCCOGTGTCAGAATCTCAACCCGTTTICTGTCGTCAAAA
AGOGCGTATCAGAAACTOGTGUTACATTCATCACATCATGGGAAAGGTGCCAGACGOTT
GCACTGCTTGCGACCTGGTCAATGTGGACTTGGATGACTGTGTTTICTGAACAATAAA
TOGACTTAAACCAGOTATGOGCTGCCGATGOGTTATCTTCCAGATTGOCTCGAGGACAALC
CTTAGTGAAGGAATTCGCGAGTGOTGOGUTTTGAAACCTGGAGCCCCTCAACCCAA
GGCAAATCAACAACATCAAGACAACGCTCGAGGTCTTGTGCTTCCOOGOTTACAAAT
ACCTTGGACCCGOGCAACGGACTCGACAAGGGGGAGCCGHGTCAACGCAGCAGACGC
GGCGOCCCTCGAGCACGACAAGGCCTACGACCAGCAGCTCAAGGCCGGAGACAACC
CGTACCTCAAGTACAACCACGCCGACGCCGAGTTCCAGGAGCGGUTCAAAGAAGAT
ACGTCTTTTGGGGGCAACCTCGGGCGAGCAGTCTTCCAGGCCAAAAAGAGGCTTCTT
GAACCTCTTGOTCTGGTTGAGGAAGCGGUTAAGACGGCTCCTGGAAAGAAGAGGCC
TGTAGAGCAGTCTCCTCAGGAACCGGACTCCTCCGUGGOTATTGGCAAATCGGETGC
ACAGCCCGCTAAAAAGAGACTCAATTTCGOTCAGACTGGCGACACAGAGTCAGTCC
CAGACCCTCAACCAATCOGGAGAACCTCCCGULAGCCCCCTCAGGTGTGGGATCTCTTA
CAATGGCTTCAGGTGGTOGGUCGCACCAGTGGCAGACAATAACGAAGGTGCCGATGGA
GTGOGOTAGTTCCTCGGGAAATTGGCATTGCGATTCCCAATGGCTGOGGGGACAGAGTC
ATCACCACCAGCACCCGAACCTGGGCCCTGCCCACCTACAACAATCACCTCTACAAG
CAAATCTCCAACAGCACATCTGGAGGATCTTCAAATGACAACGUCTACTTCGGCTAC
AGCACCCCCTGGOGOTATTTTGACTTCAACAGATTICCACTGCCACTTCTCACCACGT
GACTOGGCAGCOACTCATCAACAACAACTGOGOATTCCOGGUCTAAGCGACTCAACTT
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CAAGCTCTTCAACATTCAGGTCAAAGAGOTTACGGACAACAATGOAGTCAAGACCA
TCGUCCAATAACCTTACCAGCACGGTCCAGOGTCTTCACGGACTCAGACTATCAGCTCC
CGTACGTGCTCGGGTCGOUTCACGAGGGCTGCCTCCCGCCGTTCCCAGCGGACGTTT
TCATGATTCCTCAGTACGGGTATCTGACGUTTAATGATGGAAGCCAGGUCGTGGGTC
GTTCGTCCTTTTACTGCCTGGAATATTTCCCGTCGCAAATGCTAAGAACGGGTAACA
ACTTCCAGTTCAGCTACGAGTTTGAGAACGTACCTTTCCATAGCAGUTACGUTCACA
GCCAAAGCCTGCGACCGACTAATGAATCCACTCATCOGACCAATACTTGTACTATCTCT
CAAAGACTATTAACGUTTCTGGACAGAATCAACAAACGCTAAAATTCAGTGTGGCC
GGACCCAGCAACATGGCTGTCCAGGGAAGAAACTACATACCTGGACCCAGCTACCG
ACAACAACGTOGTCTCAACCACTGTGACTCAAAACAACAACAGCGAATTTGCTTGGC
CTGGAGCTTCTTCTTGGOCTCTCAATGOACGTAATAGCTTGATGAATCCTGGACCTG
CTATGGCCAGCCACAAAGAAGGAGAGGACCGTTTCTTTCCTTTGTICTGGATCTTTAA
TTTTTGGCAAACAAGGAACTGGAAGAGACAACGTGOGATGCGGACAAAGTCATGATA
ACCAACGAAGAAGAAATTAAAACTACTAACCCGGTAGCAACGGAGTCCTATGGACA
AGTGGCCACAAACCACCAGAGTGCCCAAGCACAGGUCGCAGACCGOCTGOGTTICAAA
ACCAAGGAATACTTCCGGOTATGOTTTGGCAGGACAGAGATGTGTACCTGCAAGGA
CCCATTTGOGUCCAAAATTCCTCACACGOACGGCAACTTTCACCCTTCTCCGCTGATG
GGAGOGGTTTGGAATGAAGCACCCGUCTCCTCAGATCCTCATCAAAAACACACCTGT
ACCTGCGGATCCTCCAACGOCCTTCAACAAGGACAAGCTGAACTCTTTCATCACCCA
GTATTCTACTGGCCAAGTCAGCGTOGGAGATCGAGTGGGAGCTGUAGAAGGAAAACA
GCAAGCOGCTGOAACCCGGAGATCCAGTACACTTCCAACTATTACAAGTCTAATAATG
TTGAATTTGCTOGTTAATACTGAAGGTOGTATATAGTGAACCCCGCCCCATTGGLCACCA
CATACCTGACTCGTAATCTOTAATTGCTTGTTAATCAATAAACCGTTTAATTICGTTTC
AGTTGAACTTTGGTCTCTGCGAAGGOUCGAATTCGTTTAAACCTGCAGGACTAGAGGT
CCTGTATTAGAGOTCACGTGAGTOGTTTTGCGACATTTTGCGACACCATGTOGGTCACG
CTOGOTATTTAAGCCCGAGTGAGCACGCAGGOTCTCCATTTTGAAGCGGGAGGTTTG
AACGUGCAGCCGCCAAGCCGAATTCTGCAGATATCCATCACACTGGCGGCCGUTCG
ACTAGAGCOGCCGCCACCOUCGUTGOGAGCTCCAGCTTTTGTITCCCTITAGTGAGGOTT
AATTGCGCGCTTGGCOGTAATCATGGTCATAGUTGTTTCCTGTGTGAAATTGTITATCCG
CTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGOTGC
CTAATGAGTGAGCTAACTCACATTAATTGUGTTGCOGCTCACTGCCCOGCTTTCCAGTC
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GOGAAACCTGTCOTGCCAGCTGUCATTAATGAATCGGCCAACGCGLGGGGAGAGGLG
GITTGCGTATTGGGCGCTCTTCCGCTTCCTCGUTCACTGACTCGCTGUGCTCGGTCGT
TCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAG
AATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAG
GAACCOTAAAAAGGCCGCOTTGCTGGCGTTTTITCCATAGGCTCCOGCCCCCCTGACGA
GUATCACAAAAATCGACGCTCAAGTCAGAGGTGOCGAAACCCGACAGGACTATAAA
GATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTOGCGUTCTCCTGTITCCGACCCTOGCC
GCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGUGAAGCGTGGCGCTTTCTCATAGC
TCACGUTGTAGGTATCTCAGTTCGGTOTAGGTCGTTCGCTCCAAGCTGOGGCTOTGTG
CACGAACCCCCCGTTICAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAG
TCCAACCCGGTAAGACACGACUTTATCOGCCACTGOGCAGCAGUCACTGGTAACAGGAT
TAGCAGAGCGAGGTATOTAGGCGGTOGCTACAGAGTTCTTGAAGTGGTGGCCTAACT
ACGGUTACACTAGAAGAACAGTATTTGOGTATCTGCGUTCTGUTGAAGCCAGTTACCT
TCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTOGGTAGCGGT
GOTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGA
TCCTTTGATCTTTTICTACGGOGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGG
GATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAA
ATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGOGTCTGACAGTTACCA
ATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTOTCTATTITCGTTCATCCATAGTT
GCCTGACTCCCCOGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGLCCC
AGTGCTGCAATGATACCGCGAGACCCACGCTCACCGOGUTCCAGATTTATCAGCAATA
AACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTC
CATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGUCCAGTTAATAG
TTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGOGTOTCACGCTCGTCGTTTIOOT
ATGGCTTCATTCAGCTCCGOTTCCCAACGATCAAGGUCGAGTTACATGATCCCCCATG
TTGTGCAAAAAAGCGOGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTG
GCCGCAGTGTTATCACTCATOGGTTATGGUCAGCACTGCATAATTICTCTTACTGTCATGE
CATCCOGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAAT
AGTGTATOGCGGCGACCGAGTTGUTCTTGUCCGGCGTCAATACGGGATAATACCGUGC
CACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAA
CTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCC
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AACTGATCTTCAGCATCTTTTACTTITCACCAGCGTTTICTGGGTGAGCAAAAACAGGA
AGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCA
TACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGG
ATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGOGGTTCCGCGCACATTTCC
CCGAAAAGTGCCACCTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAAT
TTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATCCCTTATA
AATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGT
CCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTATCAGGE
COGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAGGTGCCG
TAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACGGGGAA
AGCCGGCGAACGTGGUGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGGCGCTAG
GGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCGCGCTTA
ATGCGCCOCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAG
GGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCT
GCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAAAC
GACGGCCAGTGAGCGCGCGTAATACGACTCACTATAGGGCGAATTGGGTACCGGGC
CCCCCCTCGATCGAGGTCGACGGTATCGGGGGAGCTCGCAGGGTCTCCATTTTGAAG
CGGGAGGTTTGAACGCGCAGCCGCC

Example 4: Interior Cas?

{60349] Construct € encodes AAVY VP3 loop3-e8pCas9). Construct I encodes AAVS-

VP3. Various molar ratios of construct C and construct D were transfected in HEK293 cells,
along with adenoviral helper plasmid pDF6 (Puresyn Inc.), and purified by iodixanol-based
ultracentrifugation. CRE incorporation in ~1.4 g/ce iodixanol fractions was tested by western
blotting for VP (AAV capsid proteins VP1-3) and CRE.

{8035¢] Construct € {TAICAP AAVY only VP3 loop3 eSpCasd

{60351 ATGCCGGOGGTTTTACGAGATTGTGATTAAGGTCCCCAGCGACCTTGACGA
GCATCTGCCCOGGCATTTCTGACAGCTTTGTGAACTGGGTGGLCGAGAAGGAATGGE
AGTTGCCGCCAGATTCTGACATGGATCTGAATCTGATTGAGCAGGCACCCCTGACCG
TGGCCGAGAAGCTGCAGCGCGACTTTCTGACGGAATGGUGCCGTGTGAGTAAGGLC
CCGGAGGCTCTTTTCTTTIGTGCAATTTGAGAAGGGAGAGAGCTACTTCCACATGCAC
GTGCTCGTGGAAACCACCGGOGTGAAATCCATGOTTTTGGGACGTTTCCTGAGTCAG
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ATTCGCGAAAAACTGATTCAGAGAATTTACCGCGGGATCGAGCCGACTTTGCCAAA
CTGOTTCGCOGGTCACAAAGACCAGAAATOGGUGCCGGAGGCGOGAACAAGOTGOTGG
ATGAGTGCTACATCCCCAATTACTTGCTCCCCAAAACCCAGCCTGAGCTCCAGTGGE
COTGOGACTAATATGGAACAGTATTTAAGCGCCTGTTTGAATCTCACGGAGCGTAAAC
GOGTTGGTGGCGCAGCATCTGACGCACGTOTCGCAGACGCAGGAGCAGAACAAAGAG
AATCAGAATCCCAATTCTGATGUGCCGGTGATCAGATCAAAAACTTCAGCCAGGTAC
ATGGAGUCTGGTCGGOTGGCTCGTGGACAAGGGOGATTACCTCGGAGAAGCAGTGGAT
CCAGGAGGACCAGGCCTCATACATCTCCTTCAATGUCGGUCCTCCAACTCGCGGTCCCA
AATCAAGGCTGCCTTGOACAATGCGGGAAAGATTATGAGCCTGACTAAAACCGCCC
CCGACTACCTGOTGGGUCCAGCAGCCCGTGGAGGACATTTCCAGCAATCGGATTTATA
AAATTTTGGAACTAAACGGOTACGATCCCCAATATGUCGGCTTCCGTCTTTICTGOGGAT
GGGCCACGAAAAAGTTCGGCAAGAGGAACACCATCTGGCTGTTTGGGCCTGCAACT
ACCGGGAAGACCAACATCGCGGAGGUCCATAGCCCACACTOGTGUCCTTCTACGGGTG
CGTAAACTGGACCAATGAGAACTTTCCCTTCAACGACTGTGTCGACAAGATGGTGAT
CTGOTGGOAGGAGGGOAAGATGACCGCCAAGOGTCOTGGAGTCGGCCAAAGCCATTC
TCGGAGGAAGCAAGGTGUCGCOGTGOACCAGAAATGUCAAGTCCTCOGGUCCAGATAGAL
CCGACTCCCOGTGATCOTCACCTCCAACACCAACATGTGCGCCGTGATTGACGGGAAC
TCAACGACCTTCGAACACCAGUCAGUCCGTTGUCAAGACCGOATOGTTCAAATTTGAACTC
ACCCGCCOTCTGGATCATGACTTTGGGAAGGTCACCAAGCAGGAAGTCAAAGACTT
TTTCCGGTGGOCAAAGGATCACGTGOTTGAGOGTGGAGCATGAATTCTACGTCAAAA
AGGGTGOAGCCAAGAAAAGACCCOCCCCCAGTGACGCAGATATAAGTGAGCCCAA
ACGGGTGCGCGAGTCAGTTGCGCAGUCATCGACGTCAGACGCGGAAGCTTCGATCA
ACTACGCGGACAGGTACCAAAACAAATGTTCTCGTCACGTGGGCATGAATCTGATG
CTGTTTCCCTGCAGACAATGCGAGAGACTGAATCAGAATTCAAATATCTGCTTCACT
CACGOTGTCAAAGACTGTTTAGAGTGCTTTCCCGTOGTCAGAATCTCAACCCOTTTICT
GTCGTCAAAAAGGCGTATCAGAAACTOTGCTACATTCATCACATCATGGGAAAGGT
GCCAGACGUTTGCACTGCTTGUGACCTGGTCAATOTGGACTTIGGATGACTGTGTTTC
TOAACAATAAATGACTTAAACCAGGTATGAGTCGGCTGGATAAATCTAAAGTCATA
AACGGUCGCTCTGGAATTACTCAATGAAGTCGOGTATCGAAGOGCCTGACGACAAGGAA
ACTCGCTCAAAAGCTGGGAGTTGAGCAGCCTACCCTGTACTGGCACGTGAAGAACA
AGCGGGCCCTOGCTCGATOGCCCTGGLCCATCGAGATGCTGGACAGGCATCATACCCACT
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TCTGCCCCCTGGAAGGCGAGTCATGGCAAGACTTTCTGCGGAACAACGUCCAAGTCA
TTCCGCTGTGCTCTCCTCTCACATCGCGACGGLGUTAAAGTGCATCTCGGCACCCGL
CCAACAGAGAAACAGTACGAAACCCTGGAAAATCAGCTCGCGTTCCTOTGTCAGCA
AGGCTTCTCCCTGGAGAACGCACTOGTACGCTCTGTCCGCCGTGLGCCACTTTACACT
GGGCTGCGTATTGOGAGGAACAGGAGCATCAAGTAGCAAAAGAGGAAAGAGAGACA
CCTACCACCGATTCTATGCCCCCACTTCTOGAGACAAGCAATTGAGCTGTTCGACCGH
CAGGGAGCCGAACCTGCCTTCCTTTTCOGGUCTGGAACTAATCATATOGTGGCCTGGAG
AAACAGCTAAAGTGCGAAAGCGGUGGOCCOGGUCGACGCCCTTGACGATTTTGACTT
AGACATGCTCCCAGCCGATGCCCTTGACGACTTTGACCTTGATATGCTGCCTGCTGA
CGCTCTTGACGATTTTGACCTTGACATGCTCCCCOGOTAAATGCATGAATTCGATCT
AGAGGOGCCCTATTCTATAGTGTCACCTAAATGUTAGAGCTCGUTGATCAGUCTCGAL
TGTGCCTTCTAGTTGCCAGCCATCTGTTGTTIGCCCCTCCCCCGTGCCTTCCTTGACC
CTGGAAGGTGCCACTCCCACTOGTCCTTITCCTAATAAAATGAGGAAATTGCATCGCAT
TGTCTGAGTAGGTGTCATTCTATICTGGGGGGTGGGOTGGGGCAGGACAGCAAGGE
GOAGGATTOGGOAAGACAATAGCAGGCATGCTGOGOATGCGOTGOGGCTCTATGGCTT
CTGAGGCGGAAAGAACCAGUTOGGOGUTCGAATCAAGCTATCAAGTGCCACCTGACG
TCTCCCTATCAGTGATAGAGAAGTCGACACGTCTCGAGCTCCCTATCAGTGATAGAG
AAGGTACGTCTAGAACGTCTCCCTATCAGTOGATAGAGAAGTCGACACGTCTCGAGCT
CCCTATCAGTGATAGAGAAGOTACGTCTAGAACGTCTCCCTATCAGTGATAGAGAA
GTCOGACACGTCTCGAGUTCCCTATCAGTGATAGAGAAGGTACGTCTAGAACGTCTCC
CTATCAGTGATAGAGAAGTCGACACGTCTCGAGCTCCCTATCAGTGATAGAGAAGG
TACCCCCTATATAAGCAGAGAGATCTGTTCAAATTTGAACTGACTAAGCGGLTCCCG
CCAGATTTTOGGCAAGATTACTAAGCAGGAAGTCAAGGACTTTITTTGCTTGGGCAAAG
GTCAATCAGGTGCCOGGTGACTCACGAGTTTAAAGTTCCCAGGGAATTGOCGGGAALC
TAAAGGOGGUGGAGAAATCTCTAAAACGUCCCACTGGOTGACGTCACCAATACTAGCT
ATAAAAGTCTGOAGAAGCGGGCCAGGCTCTCATTTGTTCCCGAGACGCCTCGCAGTT
CAGACGTGACTGTTGATCCCGCTCCTCTGUGACCGUTAGUTTCGATCAACTACGEGG
ACAGGTACCAAAACAAATGTTCTCOTCACGTGGGCATGAATCTGATGCTGTTTCCCT
GCAGACAATGCGAGAGACTGAATCAGAATTCAAATATCTGCTTCACTCACGGTGTCA
AAGACTGTTTAGAGTGCTTTCCCOTGTCAGAATCTCAACCCGTTTICTGTCGTCAAAA
AGGCGTATCAGAAACTGTGCTACATTCATCACATCATGGGAAAGGTGCCAGACGOTT
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GCACTGCTTOCGACCTGOTCAATCGTGGACTTGGATGACTGTGTTTICTGAACAATAAA
TGACTTAAACCAGOTTTAGCTGCCGATGGTTATCTTCCAGATTGGUTCGAGGACAAC
CTTAGTGAAGGAATTCGCGAGTGOTGOGGUCTTTGAAACCTGGAGCCCCTCAACCCAA
GGUCAAATCAACAACATCAAGACAACGCTCGAGOTCTTGTGUTTCCGGGTTACAAAT
ACCTTGGACCCGGCAACGGACTCGACAAGGGGGAGCCGGTCAACGCAGCAGACGC
GOCGOGCCCTCGAGCACGACAAGGCCTACGACCAGCAGUTCAAGGCCGGAGACAACC
CGTACCTCAAGTACAACCACGCCGACGCCGAGTTCCAGGAGCGGUTCAAAGAAGAT
ACGTCTITTTGGGGGCAACCTCGGGCGAGCAGTCTTCCAGGLCCAAAAAGAGGCTTCTT
GAACCTCTTGOTCTGOGTTGAGGAAGCGGCTAAGGCCGCTCCTOGAAAGAAGAGGCC
TGTAGAGCAGTCTCCTCAGGAACCGGACTCCTCCGCGGUTATTGGCAAATCGGOTGC
ACAGCCCGCTAAAAAGAGACTCAATTTCGOTCAGACTGGUGACACAGAGTCAGTCC
CAGACCCTCAACCAATCGGAGAACCTCCCGCAGCCCCCTCAGGTGTGGGATCTCTTA
CAATGGCTTCAGOTGGTOGGCGUACCAGTGGCAGACAATAACGAAGGTOGCCGATGHA
GTGOGGTAGTTCCTCGGGAAATTGGCATTGCGATTCCCAATGGCTGOGOGACAGAGTC
ATCACCACCAGCACCCGAACCTGOGGCCCTGUCCACCTACAACAATCACCTCTACAAG
CAAATCTCCAACAGCACATCTGGAGGATCTTCAAATGACAACGUCCTACTTCGOGCTALC
AGCACCCCCTOGOGOOGOTATTTTGACTTCAACAGATTCCACTGCCACTTCTCACCACGT
GACTGGCAGUCGACTCATCAACAACAACTGOGOATTCCGGUCTAAGCGACTCAACTT
CAAGCTCTTCAACATTCAGGTCAAAGAGGTTACGGACAACAATGGAGTCAAGACCA
TCGCCAATAACCTTACCAGCACGOGTCCAGOTCTTCACGGACTCAGACTATCAGUTCLC
CGTACGTGCTCGGGTCGOUTCACGAGGGCTGCCTCCCGCCGTTCCCAGCGGACGTTT
TCATGATTCCTCAGTACGGGTATCTGACGUTTAATGATGGAAGCCAGGUCGTGGETC
GTTCGTCCTTTTACTGCCTGGAATATTITCCCGTCGCAAATGCTAAGAACGGGTAACA
ACTTCCAGTTCAGUCTACGAGTTTGAGAACGTACCTTTCCATAGCAGCTACGUTCACA
GCCAAAGCCTGCGACCGACTAATGAATCCACTCATCOGACCAATACTTGTACTATCTCT
CAAAGACTATTAACGUGTTCTGGACAGAATCAACAAACGUTAAAATTCAGTGTGGCC
GGACCCAGCAACATGOGCTGTCCAGGGAAGAAACTACATACCTGGACCCAGCTACCG
ACAACAACGTGTCTCAACCACTOTGACTCAAAACAACAACAGCGAATTTGCTTGGC
CTGGAGCTTCTTCTTOGOCTCTCAATGOACGTAATAGCTTGATGAATCCTGGACCTG
CTATGGCCAGCCACAAAGAAGGAGAGGACCGTTTCTTTCCTTTGTICTGGATCTTTAA
TTTTTGGCAAACAAGGAACTOGAAGAGACAACGTGOATOGCGGACAAAGTCATGATA
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ACCAACGAAGAAGAAATTAAAACTACTAACCCGGTAGCAACGGAGTCCTATGGACA
AGTGOGCCACAAACCACCAGAGTOGCCCAAGCACAGGUGCAGACCGHCTGOGTTCAAA
ACCAAGOAATACTTCCGGOTATGOTTTGGCAGGACAGAGATOTGTACCTGCAAGGA
CCCATTTGOGGCCAAAATTCCTCACACGGACGAGGGGGAGGATCAGGCGGTGHAGGT
AGTGGAGOGAGGCGGGAGCCATCACCACCACCATCACATGGCCCCAAAGAAGAAGC
GOAAGOGTCGOTATCCACGGAGTCCCAGCAGCCGACAAGAAGTACAGCATCGGCCTG
GACATCGGCACCAACTCTGTGOGUTGGOGCCOTGATCACCGACGAGTACAAGGTGCC
CAGCAAGAAATTCAAGGTGCTGOGCAACACCGACCGGCACAGCATCAAGAAGAALC
CTGATCGGAGCCCTGCTOTTCGACAGCGGCGAAACAGCCGAGGUCACCCGGCTGAA
GAGAACCGCCAGAAGAAGATACACCAGACGOGAAGAACCGOATCTGCTATCTGCAA
GAGATCTTCAGCAACGAGATGGUCCAAGGTGGACGACAGCTTICTTCCACAGACUTGGA
AGAGTCCTTCCTGOGTGGAAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGGCA
ACATCGTGGACGAGGTOGGUCTACCACGAGAAGTACCCCACCATCTACCACCTGAGA
AAGAAACTGGTGGACAGCACCGACAAGGCCGACCTGCOGCTGATCTATCTGGCCCT
GOGCCCACATGATCAAGTTCCGOGGGCCACTTCCTGATCGAGGGCGACCTGAACCCCG
ACAACAGCGACGTGGACAAGUCTGTTCATCCAGCTGOGTGCAGACCTACAACCAGCTG
TTCGAGGAAAACCCCATCAACGCCAGCGGUGTGGACGCCAAGGCCATCCTGTCTGE
CAGACTGAGCAAGAGCAGACGGCTGGAAAATCTGATCGUCCCAGCTGUCCGGCGAGA
AGAAGAATGGCCTGTTCGGAAACCTGATTGCCCTGAGCCTGGGCCTGACCCCCAACT
TCAAGAGUAACTTCGACCTGGCCGAGGATGCCAAACTGCAGUTGAGCAAGGACACC
TACGACGACGACCTGGACAACCTGCTGGCCCAGATCGGCGACCAGTACGCCGACCT
GTTTCTOGGCCGUCAAGAACCTOGTCCGACGCCATCCTOGCTGAGCGACATCCTGAGAGT
GAACACCGAGATCACCAAGGCCCCCCTGAGCGCCTCTATGATCAAGAGATACGACG
AGCACCACCAGGACCTGACCCTGCTGAAAGCTCTCOTGCGGCAGCAGCTGCCTGAG
AAGTACAAAGAGATTTTICTTCGACCAGAGCAAGAACGGCTACGCCGGCTACATTGA
CGGCGGAGCCAGCCAGGAAGAGTTCTACAAGTTCATCAAGCCCATCCTGGAAAAGA
TGGACGOGCACCGAGGAACTGUTCGTGAAGCTGAACAGAGAGGACCTGUTGCGGAAG
CAGCGOACCTTCCGACAACGGCAGCATCCCCCACCAGATCCACCTGGGAGAGCTGCA
CGCCATTCTGUGGCGOCAGGAAGATTTTTACCCATTCCTGAAGGACAACCGGGAAA
AGATCGAGAAGATCCTGACCTTCCGCATCCCCTACTACGTGGGCCCTCTGGCCAGGE
GAAACAGCAGATTCGCCTGGATGACCAGAAAGAGCGAGGAAACCATCACCCCCTGG
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AACTTCGAGGAAGTGOTGGACAAGGGUGCTTCCGCCCAGAGCTTCATCGAGCGGAT
GACCAACTTCGATAAGAACCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGC
TGTACGAGTACTTCACCGTGTATAACGAGCTGACCAAAGTGAAATACGTGACCGAG
GGAATGAGAAAGCCCOGCCTTCCTGAGUCGGCGAGCAGAAAAAGGCCATCGTGGACCT
GCTGTTCAAGACCAACCGGAAAGTGACCOTGAAGCAGCTGAAAGAGGACTACTICA
AGAAAATCGAGTGCTTCGACTCCGTGGAAATCTCCGGUGTGGAAGATCGOGTTCAAL
GCCTCCCTGOGUCACATACCACGATCTGUTGAAAATTATCAAGGACAAGGACTTCCTG
GACAATGAGGAAAACGAGGACATTCTGGAAGATATCOGTGCTGACCCTGACACTOTT
TGAGGACAGAGAGATOATCGAGGAACGGUTGAAAACCTATGCCCACCTGTTCGACG
ACAAAGTGATGAAGCAGCTGAAGCGGCGGAGATACACCGGUCTGOGOGGCAGGCTGAG
CCGGAAGCTGATCAACGGCATCCGHGACAAGCAGTCCGOGCAAGACAATCUTGGAT
TCCTGAAGTCCGACGGCTTCGCCAACAGAAACTTCATGCAGCTGATCCACGACGALC
AGCCTGACCTTTAAAGAGGACATCCAGAAAGUCCAGGTGTCCGGLCAGGGUGATAG
CCTGCACGAGCACATTGCCAATCTGGCCGGCAGCCCCGCCATTAAGAAGGGCATCC
TGCAGACAGTGAAGGTGOTGGACGAGCTCGTGAAAGTGATGOGCCGGCACAAGCCC
GAGAACATCGTGATCGAAATGGCCAGAGAGAACCAGACCACCCAGAAGGGACAGA
AGAACAGUCCGUGAGAGAATGAAGCGGATCGAAGAGGGCATCAAAGAGCTGGGCAG
CCAGATCCTGAAAGAACACCCCGTGGAAAACACCCAGCTGCAGAACGAGAAGCTGT
ACCTGTACTACCTGCAGAATOGGOCGGGATATGTACGTGGACCAGGAACTGGACATC
AACCGGUTOGTCCGACTACGATOGTGGACCATATCOTGCCTCAGAGCTTTCTGGCGGALC
GACTCCATCGACAACAAGGTGCTGACCAGAAGCGACAAGAACCGOGGCAAGAGCG
ACAACGTGCCCTCCGAAGAGGTCGTGAAGAAGATOGAAGAACTACTGGCGGUAGETG
CTGAACGCCAAGUTGATTACCCAGAGAAAGTTCGACAATCTGACCAAGGUCGAGAG
AGGCGGCCTGAGCGAACTGOATAAGGUCGGCTTCATCAAGAGACAGCTGGTGGAAA
CCCOGGCAGATCACAAAGCACGTGGCACAGATCCTGGACTCCCGGATGAACACTAAG
TACGACGAGAATGACAAGCTGATCCGOGGAAGTGAAAGTGATCACCCTGAAGTCCAA
GCTGOTGTCCGATTTCCGOAAGGATTTCCAGTTTTACAAAGTGCGUCGAGATCAACAA
CTACCACCACGCCCACGACGCCTACCTGAACGCCGTCGTGGGAACCGCCCTGATCA
AAAAGTACCCTGUGUTGGAAAGUGAGTTCGTGTACGGCGACTACAAGGTGTACGAC
GTGCGGAAGATGATCGCCAAGAGCGAGCAGGAAATCGGCAAGGCTACCGCCAAGT
ACTTCTTCTACAGCAACATCATGAACTTTTTCAAGACCGAGATTACCCTGGCCAACG
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GCGAGATCCGGAAGGCGUCTCTGATCOGAGACAAACGGCGAAACCGGGGAGATCGT
GTGGOGATAAGGGCCGOGGATTTTGCCACCGTOGCGHAAAGTGUTGAGCATGCCCCAAG
TGAATATCGTGAAAAAGACCGAGGTGCAGACAGGCOGLCTTICAGCAAAGAGTCTATC
CTGCCCAAGAGGAACAGCGATAAGCTGATCGUCAGAAAGAAGGACTGGGACCCTA
AGAAGTACGGCGOCTTCGACAGCCCCACCGTGGCCTATTICTGTGCTGOTGGTGGCCA
AAGTGGAAAAGGGCAAGTCCAAGAAACTGAAGAGTGTGAAAGAGCTGCTGGGOAT
CACCATCATGGAAAGAAGCAGUTTCGAGAAGAATCCCATCGACTTTCTGGAAGCCA
AGGGCTACAAAGAAGTOGAAAAAGGACCTGATCATCAAGCTGCCTAAGTACTCCCTG
TTCGAGCTGGAAAACGGCCOGGAAGAGAATGUTGGUCCTCTGCCOGGUGAACTGCAGAA
GOGAAACGAACTOGGUCCTGCCCTCCAAATATOGTGAACTTCCTOTACCTGGCCAGCCA
CTATGAGAAGUTGAAGGGUTCCCCCGAGGATAATGAGCAGAAACAGCTGTTTGTGE
AACAGCACAAGCACTACCTGCACGAGATCATCGAGCAGATCAGCGAGTTICTCCAAG
AGAGTGATCCTGGUCGACGUTAATCTGGACAAAGTGUTGTCCGCCTACAACAAGCA
CCGOGATAAGCCCATCAGAGAGCAGGCCGAGAATATCATCCACCTGTTTACCCTGA
CCAATCTGOGGAGCCCCTGCCGCCTTCAAGTACTTITGACACCACCATCGACCGGAAGA
GOTACACCAGCACCAAAGAGGTGCTGGACGUCACCCTGATCCACCAGAGCATCACC
GGCCTGTACGAGACACGGATCGACCTOGTCTCAGCTGGOAGGCGACAAAAGGCCGGE
GGCCACGAAAAAGGUCGOCCAGOGCAAAAAAGAAAAAGGGAGGOGLAGGATCAGG
CGOTGGAGGTAGTGOGAGGAGGCGGGAAAAAGGCCGGCGGCCACGAAAAAGGCCGE
CCAGGCAAAAAAGAAAAAGTACCCATACGATGTTCCAGATTACGCTGGAGGGGGAG
GATCAGGCGGTGGAGGTAGTGGAGGAGGCGGGAGCGGCAACTTITCACCCTTICTCCG
CTGATGGGAGGOGTTTGGAATGAAGCACCCOGCCTCCTCAGATCCTCATCAAAAACAC
ACCTGTACCTGUCGGATCCTCCAACGGCCTTCAACAAGGACAAGCTGAACTCTTTCAT
CACCCAGTATTICTACTGGCCAAGTCAGCGTGGAGATCGAGTGGGAGUTGCAGAAGG
AAAACAGCAAGCGUTGGAACCCGUAGATCCAGTACACTTCCAACTATTACAAGTCT
AATAATGTTGAATTTGCTGTTAATACTGAAGGTOTATATAGTGAACCCCGCCCCATT
GGCACCAGATACCTGACTCGTAATCTGTAATTGUTTGTITAATCAATAAACCGTTTAA
TTCOTTTCAGTTGAACTTTGGTCTCTGCGAAGGGCGAATTCGTTTAAACCTGCAGGA
CTAGAGGTCCTOGTATTAGAGGTCACGTGAGTGTTTTGCGACATTTTGCGACACCATG
TGGTCACGCTGOGTATTTAAGCCCGAGTGAGCACGCAGGOTCTCCATTTTGAAGCGO
GAGGTTTGAACGCGCAGCCGCCAAGCCGAATTCTGCAGATATCCATCACACTGGCG
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GCCGCTCGACTAGAGCGGUCGUCACCGUCGOTGGAGCTCCAGCTTTTGTTCCCTTITAG
TGAGGGTTAATTGCGCGUTTOGUGTAATCATGGTCATAGCTGTTTCCTGTGTGAAAT
TGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGC
CTGGOGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGUCCGE
TTTCCAGTCOGGOAAACCTGTCGTOGCCAGCTGCATTAATGAATCGGCCAACGLGCGGH
GAGAGOGCGGTTTGCGTATTGGGUGCTCTTCCGCTTCCTCGUTCACTGACTCGUTGOG
CTCGOTCGTTCOGGUTGCGOCGAGCGOTATCAGUTCACTCAAAGGUCGGTAATACGGTT
ATCCACAGAATCAGGGGATAACGCAGGAAAGAACATOTGAGCAAAAGGCCAGCAA
AAGGCCAGGAACCGTAAAAAGGCCGUGTTGCTGGCOGTTTTTCCATAGGCTCCGCCCC
CCTGACGAGCATCACAAAAATCGACGUTCAAGTCAGAGGTGGUCGAAACCCGACAGE
ACTATAAAGATACCAGGUGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTICC
GACCCTGCCGCTTACCGGATACCTGTCCGLCTTTCTCCCTTCGGGAAGCGTGGCGCT
TTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGOTGTAGGTCOGTTCGUTCCAAGUTG
GGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTAT
COTCTTGAGTCCAACCCOGUGTAAGACACGACTTATCOGCCACTGGCAGCAGCCACTGOT
AACAGGATTAGCAGAGCGAGGTATOTAGGCGGTOGCTACAGAGTTICTTGAAGTGGTG
GCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGUTGAAGCC
AGTTACCTTCGGAAAAAGAGTTGGTAGUTCTTGATCCGGCAAACAAACCACCGUTG
GTAGCGOTGOTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTC
AAGAAGATCCTTTGATCTTTTCTACGOGGOTICTGACGCTCAGTGGAACGAAAACTCAC
GTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAA
ATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACA
GTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTICTATTTCGTTCATC
CATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATC
TGGCCCCAGTGCTGCAATGATACCGUGAGACCCACGUTCACCGGUTCCAGATTTATC
AGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGOTCCTGCAACTTTAT
CCGCCTCCATCCAGTCTATTAATTGTTGCCGOGGAAGCTAGAGTAAGTAGTTCGCCAG
TTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTC
GTTTGOTATGOGCTTCATTCAGUTCCGGTTCCCAACGATCAAGGCGAGTTACATGATC
CCCCATGTTGTGCAAAAAAGCGOTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAG
TAAGTTGGCCGCAGTGTTATCACTCATGOTTATGOGCAGCACTGCATAATTCTCTTACT
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GTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCT
GAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGUGTCAATACGGGATAAT
ACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGG
COAAAACTCTCAAGGATCTTACCGCTOGTTGAGATCCAGTTCGATGTAACCCACTCGT
GCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTICTGGGTGAGCAAAA
ACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAA
TACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATG
AGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCALC
ATTTCCCCGAAAAGTGCCACCTAAATTGTAAGCGTTAATATTITTGTTAAAATTICGCG
TTAAATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATC
CCTTATAAATCAAAAGAATAGACCGAGATAGGOTTGAGTGTTGTTCCAGTTTGGAAC
AAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTA
TCAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAG
GTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGAC
GGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGE
GCGCTAGGGCGCTGGCAAGTGTAGCGOGTCACGCTGUCGUGTAACCACCACACCCGCC
GCGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGUGCAACTGT
TGGGAAGGGCGATCGGTGCGOGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGG
ATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTG
TAAAACGACGGCCAGTGAGCGCGUCGTAATACGACTCACTATAGGGCGAATTGGGTA
CCOGGCCCCCCCTCGATCGAGGTCGACGGTATCGGGGGAGCTCGCAGGGTCTCCATT
TTGAAGCGGGAGGTTTGAACGCGCAGCCGCC

100352] >Construct D (TAICAP. AAVY only VP3
ATGCCGGGOGTTTTACGAGATTGTGATTAAGGTCCCCAGCGACCTTGACGAGCATCTG
CCCOGGCATTTCTGACAGCTTTGTGAACTGGOTGGCCGAGAAGGAATGGGAGTTGCC
GCCAGATTCTGACATGGATCTGAATCTGATTGAGCAGGCACCCCTGACCGTGGCCGA
GAAGCTGCAGCGCGACTTITCTCGACGGAATGGCGCCGTGTGAGTAAGGUCCCGGAGE
CTCTTTTICTTTGTGCAATTTGAGAAGGGAGAGAGCTACTTCCACATGCACGTGCTCG
TGGAAACCACCGGOGTGAAATCCATGOTTTTGGGACGTTTCCTGAGTCAGATICGCG
AAAAACTGATTCAGAGAATTTACCGCGGGATCGAGCCGACTTTGCCAAACTGGTTCG
COGGTCACAAAGACCAGAAATGGCGCCGGAGGCGGGAACAAGGTGGTGGATGAGTG
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CTACATCCCCAATTACTTGCTCCCCAAAACCCAGCCTGAGCTCCAGTGGGCGTGGAC
TAATATGGAACAGTATTTAAGCGCCTOGTTTGAATCTCACGGAGCGTAAACGGTTGGT
GGCGCAGCATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACAAAGAGAATCAG
AATCCCAATTCTGATGCGCCGOGTGATCAGATCAAAAACTTCAGCCAGGTACATGGA
GCTGOTCGOOTGGCTCGTGOACAAGGGGATTACCTCGGAGAAGCAGTGGATCCAGG
AGGACCAGGCCTCATACATCTCCTTCAATGCGGCUCTCCAACTCGUGGTCCCAAATCA
AGGCTOGCCTTGOACAATGCGGGAAAGATTATGAGCCTGACTAAAACCGCCCCCGAL
TACCTGGTGGGUCCAGCAGCCCOGTGGAGGACATTTCCAGCAATCGOATTTATAAAATT
TTGGAACTAAACGGGTACGATCCCCAATATGCGGCTTICCOGTCTTTCTOGGGATGGGLC
ACGAAAAAGTTCGGCAAGAGGOGAACACCATCTGGCTGTTTGGOGCCTGCAACTACCGE
GAAGACCAACATCGCGOAGGUCATAGUCCCACACTGTGCCCTTICTACGGOGTGCGTAA
ACTGGACCAATGAGAACTTTCCCTTCAACGACTGTOGTCGACAAGATGGTGATCTGGT
GGGAGGAGGGGAAGATGACCGCCAAGOTCGTGGAGTCOGGUCAAAGCCATTCTCGGA
GGAAGCAAGGTGCGCOTGOACCAGAAATGCAAGTCCTCGGCCCAGATAGACCCGALC
TCCCGTGATCGTCACCTCCAACACCAACATOGTGCGCCOGTGATTGACGGGAACTCAAC
GACCTTCGAACACCAGCAGCCGTTOGCAAGACCGGATGTTCAAATTTGAACTCACCCG
CCOTCTGOATCATGACTTTOGGGAAGOTCACCAAGCAGGAAGTCAAAGACTTTTTCCG
GTGGGCAAAGGATCACGTOGGTTGAGGTGOGAGCATGAATTCTACGTCAAAAAGGHTG
GAGCCAAGAAAAGACCCGCCCCCAGTGACGCAGATATAAGTGAGCCCAAACGGOT
GUGUCGAGTCAGTTGCGCAGCCATCGACGTCAGACGUGGAAGUTTCGATCAACTACG
CGGACAGGTACCAAAACAAATGTITCTCGTCACGTGGGCATGAATCTGATGCTGTTTC
CCTGCAGACAATGUGAGAGACTGAATCAGAATTCAAATATCTGCTTCACTCACGGTG
TCAAAGACTGTTTAGAGTGCTTTCCCOTGTCAGAATCTCAACCCGTTTICTGICGTCAA
AAAGGUGTATCAGAAACTGTGCTACATTCATCACATCATGGGAAAGGTGCCAGACG
CTTGCACTGCTTGCGACCTGOTCAATGTGGACTTGGATGACTGTGTTTCTGAACAAT
AAATOGACTTAAACCAGGTATGAGTCOGCTGGATAAATCTAAAGTCATAAACGGCGC
TCTGGAATTACTCAATGAAGTCOGGTATCGAAGGUUCTGACGACAAGGAAACTCGCTC
AAAAGCTGGGAGTTOAGCAGCCTACCCTGTACTGGCACGTGAAGAACAAGCGGGCC
CTGCTCOATGCCCTGGUCATCGAGATGUTGGACAGGCATCATACCCACTTCTGUCCC
CTGGAAGGCGAGTCATGGCAAGACTTTCTGCGGAACAACGCCAAGTCATTCCGCTOT
GCTCTCCTCTCACATCGCGACGOGGOUTAAAGTGCATCTCGGCACCCGCCCAACAGAG
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AAACAGTACGAAACCCTGGAAAATCAGCTCGUGTTCCTGTGTCAGCAAGGCTTCTCC
CTGGAGAACGCACTOGTACGCTCTGTCCGCCOGTGGGCCACTTTACACTGOGGUTGCGTA
TTGGAGGAACAGGAGCATCAAGTAGCAAAAGAGGAAAGAGAGACACCTACCACCG
ATTCTATGUCCCCCACTTCTGAGACAAGCAATTGAGUCTOTTCGACCGGCAGGGAGUCG
AACCTGCCTTCCTTTTCGGCCTGGAACTAATCATATGTGGCCTOGGAGAAACAGCTAA
AGTGCGAAAGCGGCGGOCCOGGUCGACGUCCTTGACGATTTTGACTTAGACATGUTC
CCAGCCGATGCCCTTGACGACTTTGACCTTGATATGUTGCCTGCTGACGUTCTTGALC
GATTTTGACCTTGACATGCTCCCCOGOTAAATGCATGAATTCCGATCTAGAGGGCCCT
ATTCTATAGTGTCACCTAAATGCTAGAGCTCGUTGATCAGCCTCGACTGTGUCTTCTA
GTTGCCAGCCATCTGTITGTTTGCCCCTCCCCCGTGUCCTTCCTTGACCCTGGAAGGTGC
CACTCCCACTGTCCTTITCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAG
GTGTCATTCTATTICTGGGGOGOTGGGOTGHGGGCAGGACAGCAAGGGGGAGGATTGGE
AAGACAATAGCAGGCATGCTGGGOATGCGOGTGGGUTCTATGOGCTTCTGAGGCGGAA
AGAACCAGCTGGGOCTCGAATCAAGCTATCAAGTGCCACCTGACGTCTCCCTATCAG
TOGATAGAGAAGTCGACACGTCTCOGAGCTCCCTATCAGTGATAGAGAAGGTACGTCT
AGAACGTCTCCCTATCAGTGATAGAGAAGTCGACACGTCTCGAGUTCCCTATCAGTG
ATAGAGAAGGTACGTCTAGAACGTCTCCCTATCAGTGATAGAGAAGTCGACACGTC
TCGAGCTCCCTATCAGTGATAGAGAAGGTACGTCTAGAACGTCTCCCTATCAGTGAT
AGAGAAGTCGACACGTCTCGAGCTCCCTATCAGTGATAGAGAAGGTACCCCCTATAT
AAGCAGAGAGATCTGTTCAAATTTGAACTGACTAAGCGGUTCCCGUCAGATTTTGGE
AAGATTACTAAGCAGGAAGTCAAGGACTTTTTTGCTTIGOGGCAAAGGTCAATCAGGT
GCCGGTGACTCACGAGTTTAAAGTTCCCAGGOAATTGGCGGGAACTAAAGGGGCGG
AGAAATCTCTAAAACGUCCACTGGOTGACGTCACCAATACTAGCTATAAAAGTCTG
GAGAAGCGGGUCCAGGUTCTCATTTGTTCCCGAGACGCCTCGCAGTTCAGACGTGACT
GTTGATCCCGCTCCTCTGUCGACCGUTAGCTTCGATCAACTACGCGGACAGGTACCAA
AACAAATCGTTCTCGTCACGTGGGCATGAATCTGATGCTOTTTCCCTGCAGACAATGC
GAGAGACTGAATCAGAATTCAAATATCTGCTTCACTCACGGTGTCAAAGACTGTTTA
CAGTGCTTTCCCOTGTCAGAATCTCAACCCGTTTCTGTCGTCAAAAAGGCGTATCAG
AAACTOTGUTACATTCATCACATCATGGGAAAGGTGCCAGACGUTTGCACTGCTTGC
GACCTGGTCAATGTGGACTTGGATGACTGTGTTTCTGAACAATAAATGACTTAAACC
AGOGTTTAGCTGCCGATGOGTTATCTTCCAGATTGGCTCOGAGGACAACCTTAGTGAAGG
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AATTCGCGAGTGGTGGGCTTTGAAACCTGGAGCCCCTCAACCCAAGGCAAATCAAC
AACATCAAGACAACGUTCGAGGTCTTGTGCTTCCGGOGTTACAAATACCTTGGACCCG
GCAACGGACTCGACAAGGGOGGAGCCGGTCAACGCAGCAGACGCGGCOGCCCTCGA
GCACGACAAGGCCTACGACCAGCAGUTCAAGGCCGGAGACAACCCGTACCTCAAGT
ACAACCACGCCGACGCCGAGTTCCAGGAGCOGUTCAAAGAAGATACGTCTTTTIGOG
GOCAACCTCOGGOCGAGCAGTCTTCCAGGUCAAAAAGAGGUTTCTTGAACCTOTTGOT
CTGOGTTGAGGAAGCOGGUTAAGGCCGCTCCTOGGAAAGAAGAGGCCTGTAGAGCAGTC
TCCTCAGGAACCGGACTCCTCCGCGGGTATTGGCAAATCGGGTGCACAGCCCGCTA
AAAAGAGACTCAATTTCOGGTCAGACTGGCGACACAGAGTCAGTCCCAGACCUTCAA
CCAATCGOAGAACCTCCCGCAGCCCCCTCAGOGTOTGGGATCTCTTACAATGGCTTCA
GOTGGTGGUCGUACCAGTGGCAGACAATAACGAAGGTGCCGATGGAGTGOGTAGTTC
CTCGGGAAATTGGCATTGCGATTCCCAATGGCTGOGOGACAGAGTCATCACCACCA
GCACCCGAACCTGGGUUCTGCCCACCTACAACAATCACCTCTACAAGCAAATCTCCA
ACAGCACATCTGGAGGATCTTCAAATGACAACGCCTACTTCGGCTACAGCACCCCCT
GOGGGTATTTITGACTTCAACAGATTCCACTGCCACTTCTCACCACGTGACTGGCAGC
GACTCATCAACAACAACTGOGUATTCCGGUCTAAGCGACTCAACTTCAAGCTCTTCA
ACATTCAGOGTCAAAGAGGTTACGGACAACAATGGAGTCAAGACCATCGCCAATAAC
CTTACCAGCACGOTCCAGGTCTTCACGGACTCAGACTATCAGCTCCCOTACGTGCTC
GGGTCGGCTCACGAGOGCTOCCTCCCGCCOTTCCCAGCGGACGTTITCATGATTICCT
CAGTACGGGTATCTGACGCTTAATGATGGAAGCCAGGCCOGTGGGTCGTTCOGTCCTTT
TACTGCCTGGAATATTTCCCGTCGCAAATGUTAAGAACGGGTAACAACTTCCAGTTC
AGCTACGAGTTTGAGAACGTACCTTTCCATAGCAGUTACGUTCACAGUCAAAGCCTG
CACCGACTAATGAATCCACTCATCGACCAATACTTGTACTATCTCTCAAAGACTATT
AACGOGTTCTGGACAGAATCAACAAACGCTAAAATTCAGTGTGGCCGGACCCAGCAA
CATGGCTOGTCCAGGGAAGAAACTACATACCTGOACCCAGCTACCGACAACAACGTG
TCTCAACCACTGTGACTCAAAACAACAACAGCGAATTTGCTTGGCCTGOAGCTTCTT
CTTGGGCTCTCAATGGACGTAATAGCTTGATGAATCCTGGACCTOGCTATOGGCCAGCC
ACAAAGAAGGAGAGOGACCGTTTCTTTCCTTTIGTCTGGATCTTTAATTTTTGGCAAAC
AAGGAACTGOAAGAGACAACGTGGATGUGGACAAAGTCATGATAACCAACGAAGA
AGAAATTAAAACTACTAACCCGGTAGCAACGGAGTCCTATGGACAAGTGGCCACAA
ACCACCAGAGTGUCCCAAGCACAGGCGCAGACCGGUTOGGOGTTCAAAACCAAGGAATA
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CTTCCGOGTATGOGTTTGGCAGGACAGAGATGTGTACCTGCAAGGACCCATTTGGGCC
AAAATTCCTCACACGGACGGCAACTTTCACCCTTCTCCGUTGATGGGAGGOTTTGGA
ATGAAGCACCCGCCTCCTCAGATCCTCATCAAAAACACACCTGTACCTGCGGATCCT
CCAACGOCCTTCAACAAGGACAAGUCTGAACTCTTTCATCACCCAGTATTCTACTGGC
CAAGTCAGCGTGGAGATCGAGTGGGAGCTGCAGAAGGAAAACAGCAAGCGCTGGA
ACCCGOAGATCCAGTACACTTCCAACTATTACAAGTCTAATAATGTTGAATTTGOTG
TTAATACTGAAGGTGTATATAGTGAACCCCGCCCCATTGGUCACCAGATACCTGACTC
GTAATCTOTAATTOCTTOGTTAATCAATAAACCOTTTAATTICOTTTCAGTTGAACTTTG
GTCTCTGCGAAGOGUGAATTCGTTTAAACCTGCAGGACTAGAGOGTCCTGTATTAGAG
GTCACGTGAGTGTTTTGCGACATTTTGCGACACCATGTOGGTCACGCTGGGTATTTAA
GCCCGAGTGAGCACGCAGGGTCTCCATTTTGAAGCGGOAGOTTTGAACGUGCAGCC
GCCAAGCCGAATTCTGCAGATATCCATCACACTGGCGGCCGCTCOGACTAGAGCGGC
CGCCACCGCGOTGGAGCTCCAGCTTTTGTITCCCTTTAGTGAGGOTTAATTGCGCGCTT
GGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCA

CTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTC
GTGCCAGCTGCATTAATGAATCGGUCAACGCGCGGGGAGAGGCOGGTTTGCGTATTC
GGCGCTCTTCCOCTTCCTCGUTCACTGACTCGUTGCOGCTCGHTCGTTCOGUTGCGECG
AGCGOTATCAGCTCACTCAAAGGCGGTAATACGOTTATCCACAGAATCAGGGGATA
ACGCAGGAAAGAACATOTGAGCAAAAGGUCCAGCAAAAGGCCAGGAACCGTAAAAA
GGCCOCGTTGCTGGCGTTTTITCCATAGGCTCCGUCCCCCCTGACGAGCATCACAAAAA
TCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGT
TTCCCCCTGGAAGUCTCCCTCGTGCGUTCTCCTOGTITCCGACCCTOGCCGUTTACCGGATA
CCTGTCCGCCTTTCTCCCTTCGGGAAGCGTOGLOGUTTTICTCATAGUTCACGCTGTAGE
TATCTCAGTTCGOGTGTAGGTCGTTCGCTCCAAGUTGGOGCTGTGTGCACGAACCCCCC
GTTCAGCCCGACCGCTGCGCCTTATCCGOGTAACTATCGTCTTGAGTCCAACCCGGTA
AGACACGACTTATCGUCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAG
GTATGTAGGCGOTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAG
AAGAACAGTATTTGGTATCTGCGCTCTGUTGAAGUCAGTTACCTTCGGAAAAAGAGT
TGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGOGTAGCGOTGGTTTTITTTIGTTTG
CAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTT
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CTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTITGOTCATGA
GATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAAT
CAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTG
AGGCACCTATCTCAGCGATCTGTCTATTTCOGTTCATCCATAGTTGCCTGACTCCCCGT
CGTGTAGATAACTACGATACGGGAGOGGCTTACCATCTGGLCCCCAGTGUTGCAATGAT
ACCGCGAGACCCACGUTCACCGGUTCCAGATTTATCAGCAATAAACCAGCCAGCCG
GAAGGGCCGAGCGUCAGAAGTGGTCCTGCAACTTTATCCGUCTCCATCCAGTCTATTA
ATTOTTGCCOGGOAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTG
TTGCCATTGCTACAGGCATCOTGOTGTCACGUTCGTCGTTTGOGTATGGCTTICATTCAG
CTCCGOTTCCCAACGATCAAGGCOAGTTACATGATCCCCCATGTTGTGCAAAAAAGC
GOTTAGCTCCTTCGOGTCCTCCGATCGTTOGTCAGAAGTAAGTTGGCCGCAGTGTTATC
ACTCATGGTTATGOCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATG
CTTTTCTGTGACTGOTGAGTACTCAACCAAGTCATTICTGAGAATAGTGTATGCGGLG
ACCGAGTTGCTCTTGCCCGGUGTCAATACGGGATAATACCGCGCCACATAGCAGAA
CTTTAAAAGTGUCTCATCATTGOAAAACGTTCTTCGGOGGUCOAAAACTCTCAAGGATCT
TACCGCTGTTGAGATCCAGTTCOGATGTAACCCACTCGTGCACCCAACTGATCTTCAG
CATCTTTTACTTTCACCAGCOTTTCTOGGOTGAGCAAAAACAGGAAGGCAAAATGCCG
CAAAAAAGGGAATAAGGGUCGACACGGAAATGTTGAATACTCATACTCTTICCTTTTTC
AATATTATTGAAGCATTTATCAGGGTTATTOGTCTCATGAGCGGATACATATTTGAAT
GTATTTAGAAAAATAAACAAATAGGGOGTTCCGUCGCACATTTCCCCGAAAAGTGUCA
CCTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTITTIGTTAAATCAG
CTCATTTTTITAACCAATAGGUCGAAATCGOCAAAATCCCTTATAAATCAAAAGAATA
GACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAGA
ACGTGOGACTCCAACGTCAAAGGGUGAAAAACCGTCTATCAGGGCGATGGCCCACTA
CGTGAACCATCACCCTAATCAAGTTTTTTGGGOTCGAGGTGUCCGTAAAGCACTAAAT
CGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACGGGGAAAGCCOGGLGAACGT
GGUCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGGCGUTAGGGUGUTGGCAAGT
GTAGCGOGTCACGCTGCGCGTAACCACCACACCCGLCGCGCTTAATGCGCCGCTACA
GOGCGCGTCCCATTCGCCATTCAGGCTGUGUCAACTOGTTGGGAAGGGCGATCGOG TGO
GGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTA
AGTTGOGTAACGCCAGGUTTTITCCCAGTCACGACGTTGTAAAACGACGOCCAGTGA
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GCGCGCOGTAATACGACTCACTATAGGGCGAATTGGGTACCGGGCCCCCCCTCGATC
GAGOGTCGACGGTATCGGOGGOAGCTCGCAGGOTCTCCATTTTGAAGCGOGAGGTTTG
AACGCGCAGCCGCC

Example S: Interior SunTae-GFP

{60333] Construct E encodes iCAP. AAVY loop3 SunTaglx. Equal moles of construct E and
counstruct I were transfected in HEK293 cells, along with plasmid containing scFv-sfGFP fusion
{construct F, from Addgene), and adenoviral helper plasmid pDF6 (Puresyn Inc.}, and purified
by iodixanol-based ultracentrifugation. stGFP incorporation in ~1 4 g/cc 1odixanol fractions was
tested by western blotting for VP (AAV capsid proteins VP1-3) and GFP.

{003%4] >Construct E: (TAICAP.AAVY loop3 SunTaglx

160355} ATGCCGGGGTTITTACGAGATTGTGATTAAGGTCCCCAGCGACCTTGACGA
GCATCTGCCCGGCATTTICTGACAGCTTTGTGAACTGGGTGGCCGAGAAGGAATGGG
AGTTGCCGCCAGATTCTGACATGGATCTGAATCTGATTGAGCAGGCACCCCTGACCG
TGGCCGAGAAGCTGCAGCGCGACTTTCTGACGGAATGGCGCCGTGTGAGTAAGGCC
CCOGGAGGCTCTTTTCTTTGTGCAATTTGAGAAGGGAGAGAGCTACTTCCACATGCAC
GTGCTCGTGGAAACCACCGGGGTGAAATCCATGGTTTTGGGACGTTTCCTGAGTCAG
ATTCGCGAAAAACTGATTCAGAGAATTTACCGCGGGATCGAGCCGACTTTGCCAAA
CTGGTTCGCGGTCACAAAGACCAGAAATGGCGCCGGAGGCGGGAACAAGGTGGTGEG
ATGAGTGCTACATCCCCAATTACTTGCTCCCCAAAACCCAGCCTGAGCTCCAGTGGG
CGTGGACTAATATGGAACAGTATTTAAGCGCCTOTTTGAATCTCACGGAGCGTAAAC
GGTTGGTGGCGCAGCATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACAAAGAG
AATCAGAATCCCAATTCTGATGCGCCGGTGATCAGATCAAAAACTTCAGCCAGGTAC
ATGGAGCTGGTCGGGTGGCTCGTGGACAAGGGGATTACCTCGGAGAAGCAGTGGAT
CCAGGAGGACCAGGCCTCATACATCTCCTTCAATGCGGCCTCCAACTCGCGGTCCCA
AATCAAGGCTGCCTTGGACAATGCGGGAAAGATTATGAGCCTGACTAAAACCGCCC
CCGACTACCTGGTGGGCCAGCAGCCCGTGGAGGACATTTCCAGCAATCGGATTTATA
AAATTTTGGAACTAAACGGGTACGATCCCCAATATGCGGUTTCCOTCTTTCTGGGAT
GGGCCACGAAAAAGTTCGGCAAGAGGAACACCATCTGGCTGTTTIGGGCCTGCAACT
ACCGGGAAGACCAACATCGCGOAGGCCATAGCCCACACTGTGCCCTTCTACGGGTG
CGTAAACTGGACCAATGAGAACTTTCCCTTCAACGACTGTGTCGACAAGATGGTGAT
CTGGTGGGAGGAGGGGAAGATGACCGCCAAGGTCGTGGAGTCGGCCAAAGCCATTC
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TCGGAGGAAGCAAGGTGCGCGTGGACCAGAAATGCAAGTCCTCGGCCCAGATAGALC
CCGACTCCCGTGATCGTCACCTCCAACACCAACATGTGCGUCGTGATTGACGGGAAL
TCAACGACCTTCGAACACCAGCAGCCOTTGCAAGACCGGATGTTCAAATTTGAACTC
ACCCGCCGTCTGGATCATGACTTTGGGAAGGTCACCAAGCAGGAAGTCAAAGACTT
TTTCCGGTGGGCAAAGGATCACGTGOTTGAGGTGGAGCATGAATTCTACGTCAAAA
AGGOTGGAGCCAAGAAAAGACCCGCCCCCAGTGACGCAGATATAAGTGAGCCCAA
ACGGGTGCGCGAGTCAGTTGCGCAGCCATCGACGTCAGACGUCGGAAGUTTCGATCA
ACTACGCGGACAGGTACCAAAACAAATOTTCTCGTCACGTGGGCATGAATCTGATG
CTOGTTTCCCTGCAGACAATGUCGAGAGACTGAATCAGAATTCAAATATCTGCTTCACT
CACGOTOTCAAAGACTOTTTAGAGTGCTTTCCCGTOTCAGAATCTCAACCCGTTTCT
GTCOTCAAAAAGGUCGTATCAGAAACTGTOGCTACATTCATCACATCATGGGAAAGOGT
GCCAGACGCTTGCACTGCTTGCGACCTGGTCAATGTGGACTTGGATGACTGTGTTTC
TGAACAATAAATGACTTAAACCAGGTATGAGTCGOGCTGOGATAAATCTAAAGTCATA
AACGGCGCTCTGGAATTACTCAATGAAGTCGGTATCGAAGGCCTGACGACAAGGAA
ACTCOGCTCAAAAGCTGGGAGTTGAGCAGCCTACCCTGTACTOGGCACGTGAAGAACA
AGCGGGCCCTGCTCGATGCCOTGGUCATCGAGATGUTGGACAGGCATCATACCCACT
TCTGCCCCCTGGAAGGUCGAGTCATGGCAAGACTTTCTGCGGAACAACGCCAAGTCA
TTCCGCTGTGCTCTCCTCTCACATCGUCGACGGGGCTAAAGTGCATCTCGGCACCCGC
CCAACAGAGAAACAGTACGAAACCCTGGAAAATCAGCTCGCGTTCCTGTGTCAGCA
AGGCTTCTCCCTGGAGAACGUACTGTACGUTCTGTCCGCCGTGGGCCACTTTACACT
GOGCTGCGTATTGGAGGAACAGGAGCATCAAGTAGCAAAAGAGGAAAGAGAGACA
CCTACCACCGATTCTATGUCCCCCACTTCTGAGACAAGCAATTGAGCTGTTCGACCGG
CAGGGAGCCGAACCTGCCTTCCTTTTICGGCCTGGAACTAATCATATGTGGCCTGGAG
AAACAGCTAAAGTOGCGAAAGCGOGCGOGGCCGOCCGACGCCCTTGACGATTTTGACTT
AGACATGCTCCCAGCCOGATGCCCTTGACGACTTTGACCTTGATATGUCTGCCTGUTGA
COCTCTTGACGATTTTGACCTTGACATGUCTCCCCGOUGTAAATGCATGAATTCGATCT
AGAGOGGCCCTATTCTATAGTGTCACCTAAATGCTAGAGCTCGCTGATCAGCCTCGAC
TGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCOGTGCCTTCCTTGACC
CTGGAAGOGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCAT
TGTCTGAGTAGGTGTCATTCTATTICTGGGGGGTGGGOGTOGGGCAGGACAGCAAGGE
GGAGGATTGOGAAGACAATAGCAGGCATGUTGGOGGATGCOGGTOGOGCTCTATGGCTT
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CTGAGGCGGAAAGAACCAGUTOGGGUTCGAATCAAGCTATCAAGTGCCACCTGACG
TCTCCCTATCAGTOGATAGAGAAGTCGACACGTCTCGAGCTCCCTATCAGTGATAGAG
AAGGTACGTCTAGAACGTCTCCCTATCAGTGATAGAGAAGTCGACACGTCTCGAGCT
CCCTATCAGTGATAGAGAAGOTACGTCTAGAACGTCTCCCTATCAGTGATAGAGAA
GTCGACACGTCTCGAGCTCCCTATCAGTGATAGAGAAGGTACGTCTAGAACGTCTCC
CTATCAGTGATAGAGAAGTCGACACGTCTCGAGUTCCCTATCAGTGATAGAGAAGG
TACCCCCTATATAAGCAGAGAGATCTGTTCAAATTTGAACTGACTAAGCGGCTCCCG
CCAGATTTTGGCAAGATTACTAAGCAGOGAAGTCAAGGACTTTTTTGCTTGGGCAAAG
GTCAATCAGGTGCCOGGTGACTCACGAGTTTAAAGTTCCCAGGGAATTGGUGOGAAC
TAAAGGGOUCOGCGAGAAATCTCTAAAACGCCCACTGGOGTGACGTCACCAATACTAGCT
ATAAAAGTCTGGAGAAGCGGGCCAGGCTCTCATTTGTTCCCGAGACGCCTCGCAGTT
CAGACGTGACTGTTGATCCCGCTCCTCTGCGACCGCTAGCTTCGATCAACTACGCGE
ACAGGTACCAAAACAAATGTTICTCGTCACGTGGGUATGAATCTGATGOCTGTTTCCCT
GCAGACAATGCOAGAGACTGAATCAGAATTCAAATATCTGCTTCACTCACGGTGTCA
AAGACTGTTTAGAGTGCTTTCCCGTGTCAGAATCTCAACCCOTTTCTGTCGTCAAAA
AGGUCGTATCAGAAACTGTGCTACATTCATCACATCATGGGAAAGOGTGCCAGACGCTT
GCACTGCTTGCOGACCTGGTCAATOTGGACTTGGATGACTGTGTTTCTGAACAATAAA
TGACTTAAACCAGGTATGGCTGCCGATOGGTTATCTTCCAGATTGGUTCGAGGACAALC
CTTAGTGAAGGAATTCGCGAGTGGTOGOCTTTGAAACCTGGAGCCCCTCAACCCAA
GOCAAATCAACAACATCAAGACAACGUTCGAGGTCTTGTGCTTCCGOGOGTTACAAAT
ACCTTGGACCCGGCAACGOACTCCACAAGOGGGAGCCGGTCAACGCAGCAGACGC
GGUCGGUCCTCGAGCACGACAAGGUCTACGACCAGCAGCTCAAGGUCGGAGACAACC
COTACCTCAAGTACAACCACGUCGACGUCGAGTTCCAGGAGCGOCTCAAAGAAGAT
ACGTCTTTTOGGGOGCAACCTCOGOCGAGCAGTCTTCCAGGUCCAAAAAGAGGCTTCTT
GAACCTCTTGGTCTGGTTGAGGAAGCGGUTAAGACGGCTCCTGGAAAGAAGAGGCC
TGTAGAGCAGTCTCCTCAGGAACCGGACTCCTCCGUGOGOGTATTGGCAAATCGGOTGE
ACAGCCCGCTAAAAAGAGACTCAATTTCGGTCAGACTGOCGACACAGAGTCAGTCC
CAGQACCCTCAACCAATCGGAGAACCTCCCGCAGCCCCCTCAGGTOGTGOGATCTCTTA
CAATGOGCTTCAGGTGGTGOGCGCACCAGTGGUCAGACAATAACGAAGGTGUCGATGGA
GTGGOTAGTTCCTCGGGAAATTOGGCATTGCGATTCCCAATGGCTGGOGLACAGAGTC
ATCACCACCAGCACCCGAACCTGGGCCCTGCCCACCTACAACAATCACCTCTACAAG
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CAAATCTCCAACAGCACATCTGGAGGATCTTCAAATGACAACGCCTACTTCGGCTALC
AGCACCCCCTGGOGOTATTITTGACTTCAACAGATTCCACTGCCACTTCTCACCACGT
GACTGGCAGCGACTCATCAACAACAACTGGGGATTCCGGCCTAAGCGACTCAACTT
CAAGCTCTTCAACATTCAGGTCAAAGAGGTTACGGACAACAATGGAGTCAAGACCA
TCGCCAATAACCTTACCAGCACGUGTCCAGGTCTTCACGGACTCAGACTATCAGCTCC
CGTACGTGCTCGOGGTCGGUTCACGAGGOCTGUCTCCCGUCGTTCCCAGCGGACOTTT
TCATGATTCCTCAGTACGGGTATCTGACGCTTAATGATGGAAGCCAGGCCOGTGGHTC
GTTCOTCCTTTTACTGCCTGGAATATTTCCCGTCGCAAATGCTAAGAACGOGGTAACA
ACTTCCAGTTCAGCTACGAGTTTGAGAACGTACCTTTCCATAGCAGCTACGCTCACA
GCCAAAGCCTGGACCGACTAATGAATCCACTCATCGACCAATACTTGTACTATCTCT
CAAAGACTATTAACGOTTCTGGACAGAATCAACAAACGCTAAAATTCAGTOGTGGCC
GGACCCAGCAACATGOCTGTCCAGGGAAGAAACTACATACCTGGACCCAGCTACCG
ACAACAACGTGTCTCAACCACTGTOGACTCAAAACAACAACAGCGAATTTGCTTGGO
CTGGAGCTTCTTCTTGOGCTCTCAATCGGACGTAATAGCTTGATGAATCCTGGACCTG
CTATGGCCAGCCACAAAGAAGGAGAGGACCGTTTCTTITCCTTTOTCTGGATCTTTAA
TTTTTGGCAAACAAGGAACTGOAAGAGACAACGTGOATGUCGGACAAAGTCATGATA
ACCAACGAAGAAGAAATTAAAACTACTAACCCGOTAGCAACGGAGTCCTATGGACA
AGTGGCCACAAACCACCAGAGTGCCCAAGCACAGGCGCAGACCOGGUTGGHTTCAAA
ACCAAGGAATACTTCCGGGTATGOGTTTGGCAGGACAGAGATGTGTACCTGCAAGGA
CCCATTTGGGCCAAAATTCCTCACACGGACGAAGAACTTTITGAGCAAGAATTATCAT
CTTGAGAACGAAGTGGUTCGTCTTAAGAAAGOTTCTGGCAGTGGAGGCAACTTTICALC
CCTTCTCOGUTGATGOGGAGOGGTTTGGAATGAAGCACCCGCCTCCTCAGATCCTCATC
AAAAACACACCTOTACCTGCGGATCCTCCAACGGCOTTCAACAAGGACAAGCTGAA
CTCTTTCATCACCCAGTATTICTACTGGCCAAGTCAGCGTGOAGATCGAGTGOGAGET
GCAGAAGGAAAACAGCAAGCGUTGGAACCCGUAGATCCAGTACACTTCCAACTATT
ACAAGTCTAATAATGTTGAATTTGCTGTTAATACTGAAGGTGTATATAGTGAACCCC
GCCCCATTGGCACCAGATACCTGACTCGTAATCTGTAATTIGUTTGTTAATCAATAAA
CCOGTTTAATTCGTTTCAGTTGAACTTTGGTCTCTGCGAAGGGCGAATTCGTTTAAACC
TGCAGGACTAGAGOTCCTGTATTAGAGOGTCACGTGAGTGTTTTGCGACATTTTGUGA
CACCATGTGGTCACGCTGOGGTATTTAAGCCCGAGTGAGCACGCAGGGTCTCCATTTT
GAAGCGGGAGGTTTGAACGCOGCAGCUGCCAAGCCGAATTCTGCAGATATCCATCAC
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ACTGGCGGCCGUTCOGACTAGAGCGGUCCGUCACCGUCGOGTGGAGCTCCAGCTTTTGTTC
CCTTTAGTGAGGUTTAATTGCGCGUCTTGOGCGTAATCATGOGTCATAGCTOGTTTCCTOTG
TGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGT
AAAGCCTGOOOTOGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGUTCACTG
CCCGCTTTCCAGTCOGGLAAACCTGTCGTGCCAGCTOGCATTAATGAATCGGCCAACGC
GUGGOGGAGAGGUGGTTTGUGTATTGOGGUGCTCTTCCOGCTTCCTCGUCTCACTGACTCG
CTGCGCTCOGTCOTTCGGUTGCOGUGAGCGOGTATCAGUTCACTCAAAGGCGGTAATA
CGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATOTGAGCAAAAGGEC
AGCAAAAGGCCAGGAACCGTAAAAAGGCCGUGTTGCTGGCGTTTTTCCATAGGCTC
CGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCC
GACAGGACTATAAAGATACCAGGCOGTTTCCCCCTGGAAGCTCCCTCGTGCGUTOTCC
TGTTCCGACCCTGCCGCTTACCGGATACCTGTCCOGCCTTTCTCCCTTICGGGAAGCGTG
GCGCTTTCTCATAGCTCACGCTGTAGOTATCTCAGTTCGOGTGTAGGTCGTTCGUTCCA
AGCTGGGCTGTOTGCACGAACCCCCCGTTCAGCCCOGACCGCTOGCGCCTTATCCGOTA
ACTATCGTCTTGAGTCCAACCCGOTAAGACACGACTTATCGCCACTGGCAGCAGCCA
CTGOGTAACAGGATTAGCAGAGCGAGGTATGTAGGCOGTGCTACAGAGTTCTTGAAG
TGOTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTG
AAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCAC
CGCTGGTAGCGOGTGOTTTTTTTIGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGE
ATCTCAAGAAGATCCTTTGATCTTTTICTACGGOGTCTGACGCTCAGTGGAACGAAAA
CTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCT
TTTAAATTAAAAATCGAAGTTTITAAATCAATCTAAAGTATATATGAGTAAACTTGGTC
TCGACAGTTACCAATGUTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGT
TCATCCATAGTTOGCCTGACTCCCCOGTCOTOTAGATAACTACGATACGGGAGGGCTTA
CCATCTOGGCCCCAGTGUTGCAATGATACCGCGAGACCCACGCTCACCGGUTCCAGAT
TTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGUGCAGAAGTOGOTCCTGCAALC
TTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTC
GCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGOTGTCACG
CTCGTCOTTTOGGTATGGCTTCATTCAGCTCCOGGTTCCCAACGATCAAGGCGAGTTAC
ATGATCCCCCATOTTGTGCAAAAAAGCGGTTAGCTCCTTICGUGTICCTCCGATCGTTOT
CAGAAGTAAGTTGOCCOGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTC
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TCTTACTGTCATGCCATCCOTAAGATOGCTTTTCTOTGACTGGTGAGTACTCAACCAAG
TCATTCTGAGAATAGTGTATGCGGUGACCGAGTTGCTCTTGCCCGGUGTCAATACGG
GATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCT
TCGGOGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCC
ACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCOGTTTCTGGGTGAG
CAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATG
TTGAATACTCATACTCTTCOTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGT
CTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGOGGTTCCG
CGCACATTTCCCCGAAAAGTOGCCACCTAAATTGTAAGCGTTAATATTITTGTTAAAAT
TCGCOTTAAATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGUCCGAAATCGGCA
AAATCCCTTATAAATCAAAAGAATAGACCGAGATAGGOGTTGAGTOGTTGTTCCAGTTT
GOGAACAAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACC
GTCTATCAGGGUGATGGUCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGE
TCGAGGTOGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGE
TTGACGGGGAAAGCCGGCGAACGTGOUCGAGAAAGGAAGGGAAGAAAGCGAAAGGA
GCGGGCOCTAGGGCGUTGGCAAGTGTAGUGGTCACGCTGUGCGTAACCACCACACC
CGCCGCOGCTTAATGCGCCOGCTACAGGGCGLCOGTCCCATTCOGCCATTICAGGCTGCGCAA
CTOTTOGGHGAAGGGUCGATCGOTGCOGGOGCCTCTTCGUTATTACGCCAGCTGGCGAAAG
GGGGATGTGCTGCAAGGCGATTAAGTTGGOTAACGCCAGGOGTTTTCCCAGTCACGA
CGTTGTAAAACGACGGCCAGTGAGCGUGCGTAATACGACTCACTATAGGGCGAATT
GGGTACCGGGUCCCCCCCTCGATCGAGOGTCGACGGTATCGGOGCAGCTCGCAGGHTC
TCCATTTTGAAGUCGGGAGGTTTGAACGCGCAGCCGCC

Example 6 Determination of particle size diameter for AAV/Linid nanocomplexes

{003%6] Diameter of the AAV/hipid nanocomplexes in diameter can be deterrined by imaging
the complexes using Transmission Electron Microscopy (TEM). See Figures 4, 5, 6, 10.

Example 7 Administration of Luciferase AAV/Lipid formulation and detection of lucilerase in

fissues or intact mice

{00337] Non-himiting examples of lipids useful in the invention are depicted in Fig. 17A.
LUC AAVZ was mixed with 306-016B-3 lipid (Figl 17A) in the amounts shown in the table

below and administered by IV injection to Balb/C mice.
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Mouse Group AAV number Lipid mass {ug)
PBS 0 0
AAY only 2.9x 10" 0
I 2.9x 10" 10
2 2.9x oY 50
3 2.9x 10" 100

{00358]  Mice were sacrificed 10 days after treatment. Organs were collected and tested with
a Luciferase assay kit to quantify luciferase expression. Up to 15-fold increase in Luciferase
expression was observed (Fig. 17B) with the greatest increase observed in heart and liver tissue.

{00359] Luciferase AAVZ / lipid formulations were produced using lipids 300F, 80F, and 93F
and administered to mice by IV injection. Luminance was measured at various time points up to
35 days after administration (Fig. 18A-B) and the time course of luciferase accumulation

determined (Fig. 18C-E}.

{00360] Having thus described in detail preferred embodiments of the present invention, it is
to be understood that the invention defined by the above paragraphs is not to be himited to
particular details set forth in the above description as many apparent variations thereof are

possible without departing from the spirit ot scope of the present invention.
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WHAT IS CLAIMED I5:

1. A particle delivery system comprising a composite virus particle, wherein the
compaosite virus particle comprises a lipid, at least a portion of a virus capsid protein, and at feast
a portion of a non-capsid protein or peptide.

2. The particle delivery system of claim 1, wherein the particle delivery system
comprises a virus particle adsorbed to a liposome, optionally by a hydrophobic interaction or an
electrostatic interaction.

3. The particle delivery system of claim 2, wherein the liposome comprises a
cationic lipid.

4. The particle delivery system of claim 1, wheretn a CRISPR system component is
attached to the virus capsid protein.

5. The particle delivery svstem of claim 2, wherein the liposome comprises a
CRISPR system component.

6. A delivery systern comprising one or more hybrid virus capsid proteins 1o
combination with a lipid particle, wherein the hybrid virus capsid protein comprises at least a
portion of a virus capsid protein attached to at least a portion of a non-~capsid protein.

7. The delivery system of claim 6, wherein the portion of a virus capsid protein is
attached to a surface of the lipid particle.

8. The delivery system of claim 6, wherein the portion of a virus capsid protein is
attached to a surface of the lipid particle by an electrostatic interaction.

g. The delivery system of claim 6, wherein the portion of a virus capsid protein is
attached to a surface of the lipid particle by a hydrophobic interaction.

10. A delivery system comprising a particle comprising a lipid layer, wherein a
hybrid virus capsid protein comprising at least a portion of a virus capsid protein attached to a
least a portion of a noun-capsid protein is embedded 0 the hipid layer.

11, The delivery system of claim 10, wherein the particle has a diameter of between
100-1000 nm.

12. The delivery system of claim 1, 6 or 10 wherein the non-capsid protein or peptide

has a molecular weight of up to a megadalton.
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13 The delivery system of claim 12, wherein the non-capsid protein or peptide has a
molecular weight in the range of 110 to 160 kDA,

14 The delivery system of claim 10 wherein the non-capsid protein or peptide
comprises a CRISPR protein or peptide.

15 The delivery system of claim 10 wherein the non-capsid protein or peptide
comprises Cas9, a Cpfl or a Casl3a.

16. The delivery system of claim I, 6 or 10 wherein the lipid, lipid particle or lipid
layer comprises at least one cationic lipid.

17, The delivery system of claim 16, wherein the cationic lipid is selected from the
group consisting oft BEC16-63; 80-014B; 80-016B, 80-018B; 87-014B; 87-016B; §87-018B; 1-
0168, 1-0188,; 80-014; &0-016; 80-018, 87-014,; 87-016;, &7-018; 1-N16; 1-Ni8; 87-N17,
87-N16: 87-N18; EC16-1: EC16-3: EC16-12; EC16-14; and mixtures thereof.

18 The deltvery system of claim 1, 6 or 10 further comprising a wild-type capsid
protein.

19, The delivery system of claim 18, wherein the weight ratio of hybrid capsid protein
to wild-type capsid protein is from 1110 to 1.1

20, The delivery system of claim 1, 6 or 10, wherein the virus is an Adenoviridae or a
Parvoviridae or a Rhabdoviridae or an enveloped virus having a glycoprotein protein.

21, The delivery system of claim 20 wherein the virus is an adenc-associated virus

{AAV) or an adenovirus or a VSV or a rabies virus.

22, The delivery system of claim 1, 6 or 10, wherein the virus is a retrovirus.

23, The delivery system of claim 20 wherein the virus is a lentivirus.

24, The delivery system of claim 20, wherein the virus is murine leukemia virus
{(MuMLV}.

25. The delivery system of claim 1, 6 or 10, wherein the virus capsid protein

comprises VP1, VP2 or VP3.

26, The delivery system of claim 25 wherein the virus capsid protein is VP3, and the
non-capsid protein is inserted into or tethered or connected to VP3 loop 3 or loop 6.

27. The delivery system of claim 1, 6 or 10, wherein the delivery system is configured

to deliver the virus to the interior of a cell.
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28.  The delivery system of claim 27, wherein the virus capsid protein and the non-
capsid protein are capable of dissociating after delivery into a cell.
29, The delivery system of claim 1, 6 or 10, wherein the virus capsid protein is

attached to the non-capsid protein by a linker.

30.  The delivery system of claim 29, wherein the linker comprises amino acids.

31 The delivery system of claim 29, wherein the linker is a chemical linker.

32.  The delivery system of claim 29, wherein the linker is cleavable.

33. The delivery system of claim 29, wherein the linker is biodegradable.

34, The delivery system of claim 29, wherein the linker comprises {GGGGS).,

ENLYFQG, or a disulfide.

35, The delivery system of claim 29, wherein each terminus of the non-capsid protein
is attached to the capsid protein by a linker.

30 The delivery system of claim 1, 6 or 10, wherein the non-capsid protein is
attached to the exterior portion of the virus capsid protein.

37.  The delivery system of claiml, 6 or 10, wherein the non-capsid protein is atiached
to the interior portion of the capsid protein or is encapsulated within the capsid protein.

38 The delivery system of claim 6, wherein the virus capsid protein and the non-
capsid protein are a fusion protein.

39, The delivery systermn of claim 38, wherein the fusion protein is attached to a
surface of the lipid particle through an electrostatic interaction.

40.  The delivery system of claim 1, 6 or 10, wherein the non-capsid protein is
attached to the virus capsid protein prior to formation of the capsid.

41.  The delivery system of claim 1, & or 10, wherein the non-capsid protein is
attached to the virus capsid protein after formation of the capsid.

42. The delivery system of claim 6 or 10, wherein the hybrid virus capsid protein
comprises a targeting moiety.

43, The delivery system of claim 42, wherein the targeting moiety comprises a
receptor ligand.

44, The delivery system of claim 1, 6 or 10, wherein the non-capsid protein comprises

atag.
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45, The delivery system of claim 1, 6 or 10, wherein the non-capsid protein comprises
one or more heterologous nuclear localization signals(s) (NLSs).

46 The delivery system of claim 14, wherein the protein or peptide comprises a Type
IE CRISPR protein or a Type VI CRISPR protein.

47. The delivery system of claim 46, further comprising a guide RNA, optionally
complexed with the CRISPR protein.

48. The delivery system of claim 46 comprising a protease or nucleic acid
molecule(s) encoding a protease that is expressed, whereby the protease cleaves the linker.

49 The delivery system of claim 6 or 10, comprising a first hybrid virus capsid
protein and a second hybrid virus capsid protein, wherein the first hybrid virus capsid protein
comprises a virus capsid protetn attached to a first part of a non-capsid protein, and wherein the
second hybrid virus capsid protein comprises a second virus capsid protein attached to a second
part of the non-capsid protein, wherein the first part of the non-capsid protein and the second past
of the non-capsid protein are capable of associating to form a functional protein.

50.  The delivery system of claim 6 or 10, comprising a first hybrid virus capsid
protein and a second hybrid virus capsid protein, wherein the first hybrid virus capsid protein
comprises a virus capsid protein attached to a first part of a CRISPR protein, and wherein the
second hybrid virus capsid protein comprises a second virus capsid protein attached to a second
part of a CRISPR protein, wherein the first part of the CRISPR protein and the second part of the
CRISPR protetn are capable of associating to form a functional CRISPR protein,

51, The delivery system of claim 49 or 50, wherein the first hybrid virus capsid
protein and the second hybrid virus capsid protein form a capsid of a virus particle.

52.  The delivery system of claim 49 or 50, wherein the first hybrid virus capsule
protein 15 located at the interior of a first virus particle and the second hybnid virus capsid protein
is located at the interior of a second virus particle.

53. The delivery system of clairn 49 or 50, wherein the first part of the non-capsid
protein or CRISPR protein, respectively, 18 linked to a first member of a ligand pair, and the
second part of the non-capsid protein or CRISPR protein is linked to a second member of a
ligand pair, wherein the first part of the ligand pair is capable of binding to the second part of the

ligand pairin a cell.
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54.  The delivery system of claim S3, wherein the binding of the first part of the ligand
pair to the second part of the ligand pair is inducible.

55, The delivery system of claim 49 or 50, wherein either or both of the first part of
the non-capsid protetn or CRISPR protein, respectively, and the second part of the non-capsid
protein or CRISPR protein comprise one or more NLSs.

56.  The deltvery system of claim 49 or 50, wherein either or both of the first part of
the non-capsid protein or CRISPR protein, respectively, and the second part of the non-capsid
protein or CRISPR protein comprise one or more nuciear export signals (NESs).

57. A particle delivery system comprising a hybrid virus capsid protein or hybrid viral
outer protein coat or hybrid envelope protein (hybrid protein), wherein the hybrid proten
comprises a virus capsid or ocuter protein coat or envelope protein {virus ocuter protein) attached
to at least a portion of ancther protein that is not the virus outer coat protein (non-virus outer
protein).

58.  The delivery system of claim 57, wherein the non-virus outer protein has a
molecular weight of up to a megadalton, or has a molecular weight in the range of 110 to 160
kDa, or comprises a CRISPR protein.

59.  The particle delivery system of claim 57, wherein the virus is an Adenoviridae or
a Parvoviridae or a retrovirus or a Rhabdoviridae or an enveloped virus having a glycoprotein
protein.

60.  The particle delivery system of claim 57 wherein the virus is an adeno-associated
virus {AAV) or an adenovirus.

61, The particle delivery system of claim 57, wherein the virus is lentivirus or murine

feukemia virus (MuMLV).

62.  The particle delivery system of claim 57, wherein the virus 1s VSV or rabies virus.
63.  The particle delivery system of claim 57, wherein the virus outer protein

comprises a capsid protein having VP, VP2 or VP3.

64.  The particle delivery system of claim 63, wherein the capsid protein is VP3, and
the non-virus outer protein is inserted into or attached to VP3 loop 3 or loop 6.

65.  The particle delivery system of claim 357, wherein the delivery system is

configured to deliver the virus to the interior of a cell.
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66.  The particle delivery system of claim 57, wherein the virus outer protein and the
non-virus cuter protein can dissociate after delivery into a cell.
67.  The particle delivery system of claim 57, wherein the outer virus protein is

attached to the protein by a linker.

68.  The particle delivery system of claim 67, wherein the linker comprises amino
acids.

69.  The particle delivery system of claim 67, wherein the linker is a chemical linker.

70.  The particle delivery systern of claim 67, wherein the linker is cleavable.

71.  The particle delivery system of claim 67, wherein the linker is biodegradable.

72. The particle delivery system of claim 67, wherein the hoker comprises

(GGGGS)s, ENLYFQG, or a disulfide.

73.  The particle delivery system of claim 67 including a protease or nucleic acid
molecue(s} encoding a protease that is expressed, said protease being capable of cleaving the
linker, whereby there can be cleavage of the linker.

74.  The particle delivery system of claira 67, wherein the non-virus outer protein is a
CRISPR protein and each terminus of the CRISPR protein is attached to the virus outer protein
by a linker.

75.  The particle delivery system of claim 57, wherein the non-virus outer protein is
attached to the exterior portion of the virus outer protein.

76. The particle delivery system of claim 57, wherein the non-virus outer protein is
attached to the interior portion of the virus outer protein.

77 The pasticle delivery system of claim 57, wherein the virus outer protein and the
non-virus outer protein are a fusion protein.

78. The particle delivery system of clairn 57, wherein the non-virus outer protein is
encapsulated by the virus outer protein.

79, The particie delivery system of claim 57, wherein the non-virus outer protein is
attached to a portion of the virus outer protein during formation of the virus outer protein.

80.  The particle delivery system of claim 57, wherein the non-virus outer protein is
attached to the virus outer protein afier formation of the virus outer protein.

81.  The particle delivery system of claim 58, wherein the CRISPR protein comprises

a targeting moiety.
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82. The particle delivery system of claim 81 wherein the targeting motety comprises a

receptor higand.

83.  The particle delivery system of claim 57, wherein the protein comprises a tag.
84.  The particle delivery system of claim 83, wherein the tag is an NLS.
85. A virus particle comprising one or more hybrid virus capsid protein or one or

more hybrid virus outer protein, wherein the hybrid virus capsid protein comprises the virus
capsid protein attached to a non-capsid protein or a CRISPR protein, and the hybrid outer virus
protein comprises the virus outer protein attached to a non-virus outer protein or a CRISPR
protein.

86.  An i vitro method of delivery into a cell, comprising contacting the delivery
system of claim 1, 6, 10, or 57 with a cell, optionally a eukaryotic cell, whereby there is delivery
into the cell of constituents of the delivery system.

87. A cell from or of the method of claim 85,

88. A cell product from or of the method of claim 85, including wherein the cell
product is altered compared to the cell not contacted with the delivery system, such as altered
from that which would have been wild type of the cell but for the contacting.

9. A nou-human cell preduct from or of the method of claim 85, including wherein
the cell product is altered compared to the cell not contacted with the delivery system, such as
altered from that which would have been wild type of the cell but for the contacting.

90.  The method of claim 85 further comprises obtaining data or results from the
contacting, and transmitting the data or results.

o1. The particle delivery system or the delivery system or the virus particle of any one
of claims 1-84 or the cell of any one of claims 86-88 for use in medicine or in therapy; or for use
in a method of modifying an organismo or a non-human organism by manipulation of a target
sequence in a genomic locus associated with a disease or disorder; or for use in a method of
treating or inhibiting a condition caused by one or more mutations in a genetic locus associated
with a disease in a eukaryotic organism or a non-human organism,; ot for use in in vitro, ex vivo
or in vivo gene or genome editing; or for use in in vitro, €x vivo or in vivo gene therapy.

92. A pharmaceutical composition comprising the particle delivery system or the
delivery system or the virus particle of any one of claims 1-84 or the cell of any one of claims

86-83.
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93, A method of treating or inhibiting a condition or a disease caused by one or more
mutations in a genomic locus in a eukaryotic organism or a non-human organism comprising
manipulation of a target sequence within a coding, non-coding or regulatory element of said
genomic locus in a target sequence in a subject or a non-human subject in need thereof
comprising modifying the subject or a non-human subject by manipulation of the target sequence
and wherein the condition or disease is susceptible to treatment or inhibition by manipulation of
the target sequence comprising providing treatment comprising delivering a composition
comprising the particle delivery system or the delivery system, or the virus particle of any one of
claims 1-84 or the cell of any one of claims 86-88.

94, Use of the particle delivery system or the delivery system or the virus particle of
any one of claims 1-84 or the cell of any one of claims 86-88 in ex vivo or in vivo gene or
genome editing; or for use in in Vitro, €x vivo or in vivo gene therapy.

95, Use of the particle delivery system or the delivery system or the virus particle of
any one of claims 1-84 or the cell of any one of claims 86-88 in the manufacture of a
medicament for in vitro, ex vivo of in vivo gene or genorne editing or for use in in vitro, ex vivo
or in vive gene therapy or for use in a method of modifying an organism or a non-human
organism by manipulation of a target sequence in a genomic locus associated with a disease or in
a method of treating or inhibiting a condition or disease caused by one or more mutations in a
genomic focus in a eukaryotic organism or a non- human organism.

96. A method of individualized or personalized treatment of a genetic disease in a
subject in need of such treatment comprising:

{(a) introducing one or more mutations ex vivo in a tissue, organ or a cell line, or in vivo

in a transgenic non-human mammal, comprising delivering to cell(s) of the tissue, organ,

cell or mammal, a composition comprising the particle delivery system or the delivery

system or the virus particle of any one of claims 1-84 or the cell of any one of claims 86-

88, wherein the specific mutations or precise sequence substitutions are or have been

correlated to the genetic disease,

(b} testing treatment(s) for the genetic disease on the cells to which the vector has been

delivered that have the specific mutations or precise sequence substitutions correlated to

the genetic disease; and

(¢} treating the subject based on results from the testing of treatment(s) of step (b).
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97. A wethod of modeling a disease associated with a genomic locus in a eukaryotic
organism or a non-human organism comprising manipulation of a target sequence within a
coding, non-coding or regulatory element of said genomic locus comprising delivering a non-
naturally occusrring or engineered composition comprising a viral vector system comprising one
or more viral vectors operably encoding a composition for expression thereof, wherein the
composifion comprises particle delivery system or the delivery system or the virus particle of any
one of claims 1-84 or the cell of any one of claims 86-88.

98. A method of modifying an organism or a non-human organism by manipulation
of a target sequence in a genomic locus of interest comprising administering a composition
comprising the particle delivery system or the delivery systerm or the virus particle of any one of

claims 1-84 or the cell of any one of claims 86-88.
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