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DELIVERY OF NEGATIVELY CHARGED PROTEINS USING CATIONIC LIPIDS

RELATED APPLICATION
[0001] This application is claims priority to U.S. patent application, U.S.S.N.
14/529,010, filed October 30, 2014, which is a continuation-in-part of and claims priority under
35U.S.C. § 120 to U.S. patent application, U.S.S.N. 14/462,189, filed August 18, 2014, to U.S.
patent application, U.S.S.N. 14/462,163, filed August 18, 2014, and to International Application,
PCT/US2014/05424735, filed September 5, 2014, which claims priority under U.S.C. 8§ 365(c) to
U.S. patent application, U.S.S.N. 14/462,189, filed August 18, 2014, and to U.S. patent
application, U.S.S.N. 14/462,163, filed August 18, 2014, and also claims priority under 35
U.S.C. 8§ 119(e) to U.S. provisiona patent application, U.S.S.N. 61/874,746, filed September 6,
2013, the entire contents of each of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION
[0002] Macromolecular delivery into mammalian cells is an attractive approach for cell
manipulation, asit would allow modulation of gene expression and modification of the genome,
which, in turn, would open new avenues for research and enable the therapeutic targeting of
molecules currently viewed as "undruggable" by small molecules. In particular, recombinant
nucleases targeting genes or aleles associated with disease have great potential as therapeutic
agents. The current methods of macromolecular delivery include viral delivery of nucleic acid
molecules, receptor-mediated delivery of nucleic acids or proteins, and the use of protein fusions
with cell-penetrating peptides such as TAT, Arg9, or Penetratin for the delivery of proteins.
Each of these delivery systems offers benefits for particular applications; in most cases, however,
guestions regarding efficacy, cytotoxicity, and ease of preparation remain. Easily prepared
reagents capable of effectively delivering macromolecules (e.g., functional effector proteins) to a
variety of cell lines without significant cytotoxicity or other adverse side effect remain of
considerable concern.
[0003] Most proteins do not spontaneously enter mammalian cells and are thus naturally
limited in their use asresearch tools and their potential astherapeutic agents. Techniques for the
delivery of proteins into mammalian cells have been developed recently to address intracellular

targets. These techniques include the use of lipid-based reagents (Zelphati et a/., J. Biol. Chem.
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276, 35103-351 10, 2001), nanoparticles (Hasadsri et al., J. Biol. Chem., 2009), vault
ribonucleoprotein particles (Lai et al, ACS Nano 3, 691-699, 2009); genetic or chemical fusion
to receptor ligands (Gabel et al, J. Cell Biol. 103, 1817-1827, 1986; Rizk et al, Proc. Natl.
Acad. ci. U.SA. 106, 1101 1-1 1015, 2009); and fusion to cell-penetrating peptides (Wadia et al,
Curr. Protein Pept. Sci. 4, 97-104, 2003; Zhou et al, Cell Stem Cell 4, 381-384, 2009). Perhaps
the most common method for protein delivery is genetic fusion to protein transduction domains
(PTDs) including the HIV-1 transactivator of transcription (Tat) peptide and polyarginine
peptides. These cationic PTDs promote association with negatively charged cell-surface
structures and subsequent endocytosis of exogenous proteins. Both Tat and polyarginine have
been used to deliver avariety of macromolecules into cells both in vitro and in vivo (Wadia et
al, Curr. Protein Pept. Sci. 4, 97-104, 2003; Zhou et al, Cell Sem Cell 4, 381-384, 2009; Myou
etal, J.Immunol. 169, 2670-2676, 2002; Bae et al, Clin. Exp. Immunol. 157, 128-138, 2009;
Schwarze et al, Science 285, 1569-1572, 1999). Despite these advances, intracellular targets
remain difficult to affect using exogenous proteins, and even modest success can require toxic
concentrations of the respective transduction agent due to the low efficiency with which proteins
are functionally delivered into cells (Zhou et al, Cell Sem Cell 4, 381-384, 2009; Wang et al,
Nat. Biotechnol. 26, 901-908, 2008). Therefore, there remains aneed for better delivery systems

for getting functional effector proteins into cellsto target intracellular biomolecules.

SUMMARY OF THE INVENTION
[0004] The present disclosure provides systems, compositions, preparations, kits, and
related methods for delivering proteins into cells using cationic polymers or cationic lipids. In
some embodiments, the proteins to be delivered are negatively charged proteins, also referred to
herein as anionic proteins, such as, for example, naturally occurring or engineered negatively
charged proteins. In some embodiments, the proteins to be delivered are associated with a
negatively charged protein, e.g., via covalent or non-covalent interactions, to form aprotein
complex. In some such embodiments, the complex comprising the protein to be delivered
associated with the negatively charged proteins, e.g., a supernegatively charged protein or a
naturally occurring negatively charged protein, has anet negative charge. In some embodiments,
the proteins to be delivered bind anucleic acid thus forming a protein:nucleic acid complex

having anet negative charge.
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[0005] Some aspects of this disclosure are based on the discovery that negatively charged
proteins can be associated with cationic polymers or cationic lipids and that such protein:lipid
complexes are efficiently delivered into cells. Thistechnology can be applied to naturally
negatively charged proteins (e.g., the proteins listed in tables 3-6, Sirtl (-59, 86 kDa), PPARg (-
13, 54 kDa), PRDM 16 (-23, 140 kDa), PGCla (-15, 91kDa), TP53BP1 (-148, 213 kDa),
Utrophin (-142, 394 kDa), Dystrophin (-89, 426 kDa), Bik (-17, 18 kDa), IkBa (-29, 35 kDa),
Von Hippel-Lindau disease tumor suppressor (-18, 24 kDa), E3 ubiquitin ligases, metal-binding
proteins, VP64 transcriptional activators, the anionic 3xFLAG peptide tag, and fusions thereof),
to engineered supernegatively charged proteins (e.g., supernegatively charged GFP or
streptavidin variants), to proteins that bind to nucleic acids and form negatively charged
protein:nucleic acid complexes (e.g., Cas9 proteins, and variants and fusions thereof), or to
protein fusions in which aprotein to be delivered is associated with anegatively charged protein,
e.g., asupernegatively charged protein as disclosed herein.

[0006] For example, in some embodiments, systems, compositions, preparations, Kits,
and related methods are provided for delivering proteins to cells, for example, functional effector
proteins, such as, e.g., enzymes (e.g., oxidoreductases, transferases, hydrolases, lyases,
isomerases, or ligases); transcriptional activators, transcriptional repressors, genome editing
proteins, Cas9 proteins, TALES, TALENS, nucleases, binding proteins (e.g., ligands, receptors,
antibodies, antibody fragments; nucleic acid binding proteins, etc.); structural proteins;
therapeutic proteins (e.g., tumor suppressor proteins, therapeutic enzymes, growth factors,
growth factor receptors, transcription factors, proteases, etc.), aswell asvariants and fusions
thereof. Additional suitable proteins that can be delivered to cells according to the inventive
concepts disclosed herein will be apparent to the skilled artisan based on the present disclosure,
and the disclosure isnot limited in this respect. In some embodiments, the protein to be
delivered isafunctiona effector protein, for example, an enzyme, atumor suppressor protein, or
aprotein that binds anucleic acid, and is delivered into cells using a supercharged protein (e.g., a
negatively charged supercharged protein, also referred to herein as a supernegatively charged
protein), and a cationic polymer or acationic lipid. Asdescribed in greater detail herein, fusing
or associating proteins to be delivered to acell, for example, functional effector proteins (e.g.,
enzymes, tumor suppressor proteins, proteins that bind anucleic acid, nucleases, transcriptional

activators/repressors, Cas9 proteins including variants and fusions thereof, etc.) with charged
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proteins, e.g., super positively or supemegatively charged proteins, allows for delivery of the
proteins to the interior of cells, for example, to affect gene expression or genomic modifications
[0007] While delivery of proteins has proven effective for extracellular targets, their use
to address intracellular targets is comparatively undeveloped due to the inability of most proteins
to spontaneously enter mammalian cells. Enabling exogenous proteins to access intracellular
targets ismost commonly achieved by delivery of their encoding DNA sequences through
chemical transfection, electroporation, or viral delivery. The introduction of exogenous DNA
into cells, however, raises the possibility of permanent recombination into the genome, potential
disruption of endogenous genes, and long-term exposure to the encoded agent. For some
research or therapeutic applications, including genome editing applications that seek to effect a
one-time, permanent modification of genomic DNA, the functional delivery of non-replicable
protein agents may offer improved safety or broader applicability. Further, while the delivery of
proteins using cationic compounds such as lipids and polymers has remained technically
challenging and in many cases induces cellular toxicity, it was surprisingly found, using the
compositions and methods provided herein, that proteins (e.g., functional effector proteins as
described herein) can be delivered to cells with no or minimal toxicity with significant
improvements in efficiency. For example, as described in Example 7, delivery of Cas9:gRNA
complexes with cationic lipidsis highly efficient (up to 80% modification of cultured human
cells from asingle treatment) and also induces higher genome modification specificity compared
with plasmid transfection, typically resulting in >10-fold higher on-target:off-target DNA
modification ratios in human cells.

[0008] Accordingly, in some aspects, the present disclosure provides systems, strategies,
reagents, and methods for the delivery of charged proteins, such as, for example, naturally
occurring negatively charged proteins, engineered supemegatively charged proteins, proteins that
bind nucleic acids, or are associated, covalently or non-covalently, with anegatively charged
protein, into cells using cationic lipids or cationic polymers. In some embodiments, the proteins
to be delivered are functional effector proteins, for example, enzymes, tumor suppressor proteins,
proteins that bind anucleic acid, nucleases, transcriptional activators/repressors, Cas9 proteins
including variants and fusions thereof, etc.

[0009] In some embodiments, anegatively charged protein, e.g., anaturally occurring
negatively charged protein or an engineered supemegatively charged protein, is delivered to a
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cell or associated with aprotein to be delivered in order to deliver the latter protein into the cell.
In some embodiments, the supercharged protein has been engineered to exhibit an increase in its
overall surface charge as compared to the corresponding unmodified protein. In some
embodiments, the supercharged protein has been engineered to exhibit a decrease in its overall
surface charge as compared to the corresponding unmodified protein. In other embodiments, the
supercharged protein used in the context of this disclosure isanaturally occurring supercharged
protein. In embodiments, in which the supercharged protein is associated with the protein to be
delivered, the supercharged protein may be associated with the protein to be delivered through
covalent or non-covalent interactions. In some embodiments, aprotein that binds to anucleic
acid isdelivered to acell. In such embodiments, the protein:nucleic acid complex typically has a
net negative charge. For example, without wishing to be bound by any particular theory, a Cas9
protein, variant, or fusion protein associated with a gRNA has net negative charged facilitating
association with a cationic polymer or cationic lipid or with apositively supercharged protein. In
certain embodiments, the negatively charged protein, protein complex, or protein:nucleic acid
complex, is further associated with a cationic polymer or cationic lipid for delivery into a cell.
[0010] Examples of suitable engineered or naturally occurring supercharged proteins are
described in Tables 3-6 of this application, and in international PCT patent application
PCT/US07/70254, filed June 1, 2007, published as WO 2007/143574 on December 13, 2007; in
international PCT application PCT/US09/041984, filed on April 28, 2009, published as WO
2009/134808 on November 5, 2009; and in international PCT application PCT/USIO/001250,
filed on April 28, 2010, published as WO 2010/129023 on November 11, 2010; the entire
contents of each of which are incorporated herein by reference. In some embodiments, the
negatively charged protein is Sirtl (-59, 86 kDa), PPARg (-13, 54 kDa), PRDM 16 (-23, 140
kDa), PGCla (-15, 91 kDa), TP53BP1 (-148, 213 kDa), Utrophin (-142, 394 kDa), Dystrophin (-
89, 426 kDa), Bik (-17, 18 kDa), IkBa (-29, 35 kDa), Von Hippel-Lindau disease tumor
suppressor (-18, 24 kDa), an E3 ubiquitin ligase, or ametal-binding protein. Further examples of
supercharged proteins for use in delivering nucleases to cells are described herein.

[0011] Examples of suitable functional effector proteins, for example, nucleases and
RNA-programmable effector proteins, such as Cas9 proteins, for delivery using the inventive
methods, compositions, and systems are described in U.S. Provisional Patent Application,
U.S.S.N. 61/868,846, filed August 22, 2013, entitled "Engineered Transcription Activator-Like



WO 2016/070129 PCT/US2015/058479

Effector (TALE) Domains and Uses Thereof,” U.S. Provisiona Patent Application, U.S.S.N.
61/874,609, filed September 6, 2013, entitled "Cas9 Variants and Uses Thereof," U.S.
Provisional Patent Application, U.S.S.N. 61/874,682, filed September 6, 2013, entitled
"Switchable Cas9 Nucleases and Uses Thereof,” U.S. Non-provisional Application, U.S.S.N.
14/320,519, filed June 20, 2014, entitled "Engineered Transcription Activator-Like Effector
(TALE) Domains and Uses Thereof," U.S. Non-provisional Application, U.S.S.N. 14/320,498,
filed June 30, 2014, entitled "Cas9-Fokl Fusion Proteins And Uses Thereof,” U.S. Non-
provisional Application, U.S.S.N. 14/320,467, filed June 30, 2014, entitled "Cas9-Recombinase
Fusion Proteins And Uses Thereof,” U.S. Non-provisional Application, U.S.S.N. 14/326,329,
filed July 8, 2014, entitled "Switchable gRNAs Comprising Aptamers,” U.S. Non-provisional
Application, U.S.S.N. 14/326,340, filed July 8, 2014, entitled "mRNA-Sensing Switchable
gRNAS," U.S. Non-provisional Application, U.S.S.N. 14/326,361, filed July 8, 2014, entitled
"Extended DNA-Sensing gRNASs," U.S. Non-provisional Application, U.S.S.N. 14/325,815,
filed July 8, 2014, entitled "Fusions Of Cas9 Domains And Nucleic Acid-Editing Domains,”
U.S. Non-provisional Application, U.S.S.N. 14/326,109, filed July 8, 2014, entitled "Methods
For Nucleic Acid Editing,” U.S. Non-provisional Application, U.S.S.N. 14/326,140, filed July 8,
2014, entitled "Methods For Correcting PI3K Point Mutations,” U.S. Non-provisional
Application, U.S.S.N. 14/326,269, filed July 9, 2014, entitled "Methods For Correcting
Presenilin Point Mutations,” U.S. Non-provisional Application, U.S.S.N. 14/326,290, filed July
8, 2014, entitled "Methods For Correcting a-Antitrypsin Point Mutations,” U.S. Non-provisional
Application, U.S.S.N. 14/326,318, filed July 8, 2014, entitled "Methods For Correcting Von
Willebrand Factor Point Mutations,” U.S. Non-provisional Application, U.S.S.N. 14/326,303,
filed July 8, 2014, entitled "Methods For Correcting Caspase-9 Point Mutations,” and U.S.
Provisional Application, U.S.S.N. 62/030,943, entitled "Cas9 Proteins Including Ligand-
Dependent Inteins,” the entire contents of each of which are incorporated herein by reference.
[0012] In some embodiments, the supercharged protein, engineered or naturally
occurring, ispositively charged. In other embodiments, for example those involving delivery of
certain effector proteins using cationic lipids and/or cationic polymers, the supercharged protein
isnegatively charged. In certain embodiments, a superpositively or supernegatively charged
protein isnon-covalently associated with aprotein to be delivered, for example, an effector

protein. Alternatively, a superpositively or supernegatively charged protein may be covalently
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bound to the protein to be delivered, for example, an effector protein. In some embodiments, the
effector protein is fused to a supercharged protein. In certain embodiments, the resulting fusion
protein comprises alinker, e.g., a cleavable linker, between the supercharged protein and the
effector protein.

[0013] Some aspects of this disclosure provide compositions comprising a supercharged
protein, e.g., asupernegatively charged protein, associated with aprotein to be delivered, eg., a
functiona effector protein (e.g., enzymes (e.g., oxidoreductases, transferases, hydrolases, lyases,
isomerases, or ligases); transcriptional activators, transcriptional repressors, genome editing
proteins, Cas9 proteins, TALES, TALENS, nucleases, binding proteins (e.g., ligands, receptors,
antibodies, antibody fragments; nucleic acid binding proteins, etc.); structural proteins;
therapeutic proteins (e.g., tumor suppressor proteins, therapeutic enzymes, growth factors,
growth factor receptors, transcription factors, proteases, etc.), aswell asvariants and fusions
thereof). In some embodiments, the composition further comprises a cationic lipid. In some
embodiments, the composition further comprises a cationic polymer. In some embodiments, the
composition further comprises abuffer or excipient. In some embodiments, the supercharged
protein has an overall positive charge that is greater than its corresponding unmodified protein
and isin aquantity sufficient for and is formulated for delivery to and penetration into acell. In
other embodiments, for example those involving delivery of certain proteins using cationic lipids
and/or cationic polymers, the supercharged protein has an overall negative charge that is greater
than its corresponding unmodified protein. In some embodiments, the functional effector protein
is asite-specific enzyme, e.g., anuclease, Cas9 protein, recombinase, etc. In some
embodiments, the Cas9 protein is awild type Cas9 protein, a Cas9 nickase, or comprises a
nuclease inactivated (dCas9) protein. In some embodiments, the Cas9 protein is afusion protein
comprising dCas9. In some embodiments, the fusion protein comprises atranscriptional
activator (e.g., VP64), atranscriptional repressor (e.g., KRAB, SID) anuclease domain (eg.,
Fokl), arecombinase domain (e.g., Hin, Gin, or Tn3), a deaminase (e.g., a cytidine deaminase or
an adenosine deaminase) or an epigenetic modifier domain (e.g., TET1). In some embodiments
involving nucleases, the nuclease isa TALE nuclease, a Cas9 nuclease, a Cas9 nickase, or azinc
finger nuclease. In some embodiments, the nuclease specifically binds and cleaves anucleic acid
sequence. In some embodiments, the targeted nucleic acid sequence is a sequence of agene that

is atherapeutic target, for example a gene that is desirable to inactivate in the treatment of a
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disease. In some embodiments, the targeted nucleic acid sequence isa PRDM 16, PPARYy, VEGF-
A, Oct-4, PI3K, presenilin, a-antitrypsin, von willebrand factor, or caspase-9 gene sequence.
[0014] In some embodiments, the functional effector protein is atranscription factor. In
some embodiments, the functional effector protein isa TALE transcriptional activator or
repressor. In some embodiments, the transcription factor, transcriptional activator, or
transcriptional repressor specifically binds and activates or represses agene. In some
embodiments, the gene is atherapeutic target. In some embodiments, the functional effector
protein isa TALE effector. In some embodiments, the supercharged protein is covalently bound
to the functional effector protein, thus forming afusion protein. In some embodiments, the
supercharged protein is associated with the functional effector protein via alinker. In some
embodiments, the linker is a cleavable linker. In some embodiments, the linker isaUV-
cleavable linker or alinker that is cleaved by alysosomal enzyme. In some embodiments, the
supercharged protein isnon-covalently associated with the functional effector protein, thus
forming a complex. In some embodiments, the supercharged protein has an overall net positive
charge. In other embodiments the supercharged protein has an overall net negative charge, and
the protein(s) are associated with acationic lipid. In other embodiments the supercharged
protein has an overal net negative charge, and the protein(s) are associated with a cationic
polymer. In some embodiments, the overall net positive charge i s between about +5 and about
+40, or the overall net negative charge is between about -5 and about -50. In some
embodiments, the supercharged protein ismore positively charged or is more negatively charged
a physiological pH than its corresponding unmodified protein. In some embodiments, the
corresponding unmodified protein isanaturaly occurring protein. In some embodiments, the
supercharged protein is a least +5 more positively or is at least -5 more negatively charged a
physiological pH than its corresponding unmodified protein. In some embodiments, the
supercharged protein is afluorescent protein. In some embodiments, the supercharged protein is
green fluorescent protein (GFP). In some embodiments, the supercharged protein isa
superpositively charged GFP. In some embodiments, the supercharged protein is a
superpositively charged GFP (+36 GFP) comprising & least 20 contiguous amino acid residues
of the sequence:
GGASKGERLFRGKVPILVELKGDVNGHKFSVRGKGKGDATRGKLTLKFICTTGKLPVP
WPTLVTTLTYGVQCFSRY PKHMKRHDFFKSAMPKGYVQERTISFKKDGKY KTRAEVKF
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EGRTLVNRIKLKGRDFKEKGNILGHKLRYNFNSHKVY ITADKRKNGIKAKFKIRHNVKD
GSVQLADHY QONTPIGRGPVLLPRNHYLSTRSKLSKDPKEKRDHMVLLEFVTAAGIKHG
RDERYK ( SEQ ID NO: 1).

[0015] In some embodiments, the supercharged protein comprises the amino acid
sequence set forthin SEQ ID NO: 1. In some embodiments, the supercharged protein consists
of the amino acid sequence set forth in SEQ ID NO: 1. In some embodiments, the composition
is apharmaceutical composition. In some embodiments, the composition comprises a
pharmaceutically acceptable excipient. In some embodiments, the composition is formulated for
administration to a subject and comprises the supercharged protein and the functional effector
protein in an amount effective for delivery to a least one cell of the subject. In some
embodiments, the composition comprises the supercharged protein and the functional effector
protein in an amount effective for inducing ameasurable therapeutic effect after administration
to a subject.

[0016] Some aspects of the disclosure provide compositions comprising aprotein to be
delivered associated with anucleic acid, e.g., with an RNA or DNA, and a cationic lipid or a
cationic polymer. It was surprisingly found that when anucleic acid-binding protein, such as, for
example, a Cas9 protein, is associated with anucleic acid, the complex can be encapsulated by
cationic lipids and effectively delivered to cells. In some embodiments, the net charge of the
protein and the associated nucleic acid is negative. In some embodiments, the protein alone, i.e.,
without the associated nucleic acid, is not negatively charged or cannot efficiently be associated
with or encapsulated into a cationic polymer or acationic lipid. In some embodiments, the
composition comprises aprotein to be delivered associated with anegatively supercharged
protein (e.g., asupernegatively charged GFP or a supernegatively charged streptavidin) and a
cationic lipid or cationic polymer, which also provides for effective delivery to acell. In some
embodiments, the association between the protein to be delivered and the supernegatively
charged protein is covalent. For example, in some embodiments, the protein to be delivered and
the supernegatively charged protein form afusion protein. In other embodiments, the association
isnon-covaent. For example, in some embodiments, the protein to be delivered is conjugated to
afirst binding agent (e.g., biotin), and the supernegatively charged protein is conjugated to a
second binding agent (e.g., streptavidin) that binds the first binding agent. It will be appreciated
that the disclosure isnot limited to biotin:streptavidin.  Additional suitable methods and binding
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agents (e.g., additional ligand/receptor pairs, or antibody/antigen pairs) will be apparent to the
skilled artisan based on the instant disclosure. In some embodiments, the protein to be delivered
is associated with the supernegatively charged protein via alinker, for example, via a cleavable
linker. In some embodiments, the linker is cleaved under conditions present in endosomes of the
cell into which the protein isto be delivered, thus facilitating endosomal escape of the protein.
[0017] Some aspects of the disclosure provide compositions comprising a Cas9 protein
associated with agRNA and a cationic lipid. It was surprisingly found that when a Cas9 protein
is associated with a gRNA, the complex can be encapsulated by cationic lipids and effectively
delivered to cells. This may be accomplished with or without a supercharged protein. In some
embodiments, the composition comprises a Cas9 protein associated with anegatively
supercharged protein (eg., supernegatively charged GFP) and a cationic lipid, which also
provides for successful delivery to acell. In some embodiments, the composition exhibits low
toxicity when delivered to apopulation of cells, for example, wherein a least 60%, at |east 65%,
a least 70%, at least 75%, at least 80%, a least 85%, at least 90%, at least 95%, or at least 99%
of the cells are viable following administration of the composition. In some embodiments, the
Cas9 protein is awild type Cas9 protein, a Cas9 nickase, or comprises anuclease inactivated
(dCas9) protein. In some embodiments, the Cas9 protein isafusion protein comprising dCasO.
In some embodiments, the fusion protein comprises atranscriptional activator (e.g., VP64), a
transcriptional repressor (e.g., KRAB, SID) anuclease domain (eg., Fokl), arecombinase
domain (eg., Hin, Gin, or Tn3), adeaminase (e.g., acytidine deaminase or an adenosine
deaminase) or an epigenetic modifier domain (eg.,, TET1).

[0018] Other aspects of the disclosure provide compositions comprising a Cas9 protein
associated with agRNA and a cationic polymer. Aswith cationic lipids, when a Cas9 protein is
associated with agRNA, the complex can associate with cationic polymers and be effectively
delivered to cells. This may be accomplished with or without a supercharged protein. In some
embodiments, the composition comprises a Cas9 protein associated with anegatively
supercharged protein (eg., supernegatively charged GFP) and a cationic polymer, which also
provides for successful delivery to acell. In some embodiments, the composition exhibits low
toxicity when delivered to apopulation of cells, for example, wherein a least 60%>, at |east 65%,
a least 70%, at least 75%, at least 80%, a least 85%, at least 90%, at least 95%, or at least 99%

of the cells are viable following administration of the composition. In some embodiments, the

10



WO 2016/070129 PCT/US2015/058479

Cas9 protein isawild type Cas9 protein, a Cas9 nickase, or comprises anuclease inactivated
(dCas9) protein. In some embodiments, the Cas9 protein isafusion protein comprising dCas9.
In some embodiments, the fusion protein comprises atranscriptional activator (eg., VP64), a
transcriptional repressor (eg., KRAB, SID) anuclease domain (eg., Fokl), arecombinase
domain (eg., Hin, Gin, or Tn3), adeaminase (e.g., acytidine deaminase or an adenosine
deaminase) or an epigenetic modifier domain (eg., LSD1, TET1).

[0019] Some aspects of this disclosure provide methods for administering a composition
provided herein to a subject. In some embodiments, the method comprises administering a
composition described herein to a subject, for example, a composition comprising aprotein to be
delivered and a cationic polymer or cationic lipid. In some embodiments, the subject is
susceptible to, issuffering from, or is displaying one or more symptoms of a disease, disorder, or
condition. In some embodiments, the composition is administered to the subject in an amount
sufficient and under suitable conditions for at least one sign or symptom to be ameliorated as a
result of the administration. In some embodiments, the protein to be delivered isaprotein
implicated or known to beinvolved in adisease, disorder, or condition, for example, aprotein
listed in any of Tables 4-6. In some embodiments, the step of administering is performed under
conditions sufficient for the functional effector protein to penetrate a cell of the subject. In some
embodiments, the disease, disorder, or condition is associated with abnormally elevated levels of
an mRNA, aprotein, or combination thereof. For example, in some embodiments, the disease,
disorder, or condition is associated with abnormally low levels or reduced activity of the protein
to be delivered, wherein the protein to be delivered isaprotein listed in any of Tables 3-6. In
some embodiments, the composition comprises anuclease that specifically binds and cleaves a
genomic sequence, for example, anormal or apathogenic allele; a gene associated with
susceptibility to, or onset or progression of, a disease; a gene encoding a pathogenic RNA or
protein; or agene encoding an RNA or protein that is expressed a abnormally high levelsin
diseased cells or tissue. In some embodiments, the step of administering comprises aroute of
administration selected from the group consisting of oral, intravenous, intramuscular, intra-
arterial, subcutaneous, intraventricular, topical, inhalational, and mucosal delivery.

[0020] Some aspects of this disclosure provide methods for introducing aprotein to be
delivered into acell. In some embodiments, the method comprises contacting the cell with a

composition described herein, e.g., with acomposition comprising the protein to be delivered
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and a cationic polymer or cationic lipid, under conditions suitable for the protein to enter the cell,
thereby introducing the protein into the cell. In some embodiments, the protein to be delivered is
anegatively charged protein, for example, anaturally negatively charged protein or an
engineered supemegatively charged protein. In some embodiments, the protein to be delivered is
associated with anucleic acid. In some embodiments, the protein to be delivered is associated
with anegatively charged protein. The association may be covalent or non-covalent.

[0021] For example, in some embodiments, the method comprises contacting the cell
with a composition comprising a Cas9 protein and a cationic lipid and/or cationic polymer under
conditions suitable for the Cas9 protein to enter the cell, thereby introducing the Cas9 protein
into the cell. In some embodiments, the Cas9 protein enters the nucleus of the cell, for example
the Cas9 protein is directed to the nucleus by including anuclear localization signal (NLS) in the
protein. In some embodiments, the method further comprises confirming that the functional
effector protein (e.g., including Cas9) has penetrated the cell. In some embodiments, the cell is
in a subject, and the contacting is done in vivo. In some embodiments, the subject is diagnosed
with having or being at risk of developing a disease associated with an abnormal expression level
of agene, and wherein the functional effector protein (e.g., including Cas9) modulates the
expression level of the gene. In some embodiments, the method further comprises detecting a
change in the level of expression of the gene or detecting atherapeutic response in the subject.

In some embodiments, the cell isasomatic cell. In some embodiments, the cell is contacted with
the composition or the pharmaceutical composition in an amount, for atime, and under
conditions sufficient to induce programming of the cell to adesired cell fate. In some
embodiments, the method further comprises using the programmed cell in a cell replacement
therapeutic approach. In some embodiments, the cell isacell carrying a genomic alele
associated with adisease and the functiona effector protein specifically targets the alele. In
some embodiments, the cell is contacted ex vivo and re-administered to the subject after
successful targeting of the undesired allele by the functional effector protein.

[0022] Some aspects of this disclosure provide kits comprising a composition as
described herein, for example, a composition comprising a supercharged protein associated with
afunctional effector protein. In some embodiments, the kits comprises a Cas9 protein and a

supercharged protein. In some embodiments, the kits comprises a Cas9 protein and a cationic
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lipid. In some embodiments, the kits comprises a Cas9 protein and a cationic polymer. In some
embodiments, the kit further comprises instructions for using the components included in the kit.
[0023] These and other aspects and embodiments of the invention, aswell as various
advantages and utilities will be more apparent with respect to the drawings and detailed
description of the invention.

DEFINITIONS
[0024] Asused herein and in the claims, the singular forms "a," "an,” and "the" include
the singular and the plural reference unless the context clearly indicates otherwise. Thus, for
example, areference to "an agent” includes a single agent and aplurality of agents.
[0025] The term "associated with" asused herein in the context of two or more moieties
(e.g., proteins or protein domains) refers to the fact that the moieties are physically associated
with or connected to one another, either directly or via one or more additional moieties that serve
as alinking agent, to form a structure that is sufficiently stable so that the moieties remain
physically associated under the conditions in which the structure is used, e.g., under
physiological conditions. Supercharged proteins may be associated with functional effector
proteins (e.g., enzymes (e.g., oxidoreductases, transferases, hydrolases, lyases, isomerases, or
ligases); transcriptional activators, transcriptional repressors, genome editing proteins, Cas9
proteins, TALESs, TALENS, nucleases, binding proteins (e.g., ligands, receptors, antibodies,
antibody fragments; nucleic acid binding proteins, etc.); structural proteins; therapeutic proteins
(e.g., tumor suppressor proteins, therapeutic enzymes, growth factors, growth factor receptors,
transcription factors, proteases, etc.), aswell asvariants and fusions thereof) through non-
covalent interactions (e.g., electrostatic interactions). In certain embodiments, a supercharged
protein may be associated with a functional effector protein through electrostatic interactions to
form acomplex. In some embodiments, a sufficient number of weaker interactions can provide
sufficient stability for moieties to remain physically associated under avariety of different
conditions. In certain embodiments, a supercharged protein is associated with a functional
effector protein via a covalent bond (e.g., an amide bond). In some embodiments, a functional
effector protein is associated with a supercharged protein directly by apeptide bond, or indirectly

via alinker.
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[0026] The term "Cas9" or "Cas9 nuclease" refers to an RNA-guided nuclease
comprising a Cas9 protein, or afragment thereof (e.g., aprotein comprising an active or inactive
DNA cleavage domain of Cas9 or apartially inactive DNA cleavage domain (e.g., a Cas9
"nickase"), and/or the gRNA binding domain of Cas9). In some embodiments, the term "Cas9"
refers to afusion protein comprising Cas9 or a fragment thereof.

[0027] In some embodiments, Cas9 refers to Cas9 from: Corynebacterium ulcerans
(NCBI Refs: NC_015683.1, NC 017317.1); Corynebacterium diphtheria (NCBI Refs:
NC_016782.1, NC_016786.1); Spiroplasma syrphidicola (NCBI Ref: NC_021284.1); Prevotella
intermedia (NCBI Ref: NC_017861.1); Spiroplasma taiwanense (NCBI Ref: NC_021846.1);
Streptococcus iniae (NCBI Ref: NC_021314.1); Belliella baltica (NCBI Ref: NC_018010.1);
Psychroflexus torquisl (NCBI Ref: NC_018721.1); Streptococcus thermophilus (NCBI Ref:
YP_820832.1); Listeria innocua (NCBI Ref: NP_472073.1); Campylobacterjejuni (NCBI Ref:
Y P_002344900.1); or Neisseria. meningitidis (NCBI Ref: YP_002342100.1).

[0028] The term "cationic lipid" refers to alipid which has a cationic, or positive, charge
a physiologic pH. Cationic lipids can take avariety of forms including, but not limited to,
liposomes or micelles. Cationic lipids useful for certain aspects of the present disclosure are
known in the art, and, generally comprise both polar and non-polar domains, bind to polyanions,
such as nucleic acid molecules or negatively supercharged proteins, and are typicaly known to
facilitate the delivery of nucleic acids into cells. Examples of useful cationic lipids include
polyethylenimine, polyamidoamine (PAMAM) starburst dendrimers, Lipofectin (a combination
of DOTMA and DOPE), Lipofectase, LIPOFECTAMINE® (e.g., LIPOFECTAMINE® 2000,
LIPOFECTAMINE® 3000, LIPOFECTAMINE® RNAIMAX, LIPOFECTAMINE®LTX),
SAINT-RED (Synvolux Therapeutics, Groningen Netherlands), DOPE, Cytofectin (Gilead
Sciences, Foster City, Calif), and Eufectins (JBL, San Luis Obispo, Calif). Exemplary cationic
liposomes can be made from N-[I-(2,3-dioleoloxy)-propyl]-N,N,N-trimethylammonium chloride
(DOTMA), N-[I -(2,3-dioleoloxy)-propyl]-N,N,N-trimethylammonium methylsulfate (DOTAP),
3P-[N-(N',N'-dimethylaminoethane)carbamoyl]cholesterol (DC-Choi), 2,3,-dioleyloxy-N-
[2(sperminecarboxamido)ethyl]-N,N-dimethyl-I-propanaminium trifluoroacetate (DOSPA), 1,2-
dimyristyloxypropyl-3-dimethyl-hydroxyethyl ammonium bromide; and
dimethyldioctadecylammonium bromide (DDAB). Cationic lipids have been used in the art to
deliver nucleic acid molecules to cells (see, e.g., U.S. Pat. Nos. 5,855,910; 5,851,548; 5,830,430;
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5,780,053; 5,767,099; 8,569,256; 8,691,750; 8,748,667; 8,758,810; 8,759,104, 8,771,728; Lewis
etal. 1996. Proc. Natl. Acad. Sci. USA 93:3176; Hope et al. 1998. Molecular Membrane
Biology 15:1). In addition, other lipid compositions are also known in the art and include, e.g.,
those taught in U.S. Pat. No. 4,235,871; U.S. Pat. Nos. 4,501,728; 4,837,028; 4,737,323.

[0029] The term "cationic polymer," asused herein, refers to apolymer having anet
positive charge. Cationic polymers are well known in the art, and include those described in
Samal et al., Cationic polymers and their therapeutic potential. Chem Soc Rev. 2012 Nov
7;41(21):7147-94; in published U.S. patent applications U.S. 2014/0141487 Al, U.S.
2014/0141094 Al, U.S. 2014/0044793 Al, U.S. 2014/0018404 Al, U.S. 2014/0005269 Al, and
U.S. 2013/03441 17 Al; and in U.S. Pat. Nos. 8,709,466; 8,728,526; 8,759,103; and 8,790,664,
the entire contents of each are incorporated herein by reference. Exemplary cationic polymers
include, but are not limited to, polyallylamine (PAH); polyethyleneimine (PEI); poly(L-lysine)
(PLL); poly(L-arginine) (PLA); polyvinylamine homo- or copolymer; apoly(vinylbenzyl-tri -Ci-
C,-akylammonium salt); apolymer of an aliphatic or araiphatic dihalide and an aliphatic
N,N,N',N'-tetra -Ci-C,-alkyl-akylenediamine; apoly(vinylpyridin) or poly(vinylpyridinium salt);
apoly(N,N-dialyl-N,N-di -Ci-C,-akyl-ammoniumhalide); ahomo- or copolymer of a
quaternized di-Ci-C -akyl-aminoethyl acrylate or methacrylate; POLYQUAD™; a
polyaminoamide; and the like.

[0030] The term "click chemistry" refers to a chemical philosophy introduced by K.
Barry Sharpless of The Scripps Research Institute, describing chemistry tailored to generate
covaent bonds quickly and reliably by joining small units comprising reactive groups together.
Click chemistry does not refer to a specific reaction, but to a concept including reactions that
mimic reactions found in nature. See, e.g., Kolb, Finn and Sharpless Angewandte Chemie
International Edition (2001) 40: 2004-2021; Evans, Australian Journal d Chemistry (2007) 60:
384-395, and Joerg Lahann, Click Chemistryfor Biotechnology and Materials Science, 2009,
John Wiley & Sons Ltd, ISBN 978-0-470-69970-6, the entire contents of each of which are
incorporated herein by reference. In some embodiments, click chemistry reactions are modular,
wide in scope, give high chemical yields, generate inoffensive byproducts, are stereospecific,
exhibit alarge thermodynamic driving force > 84 kJ/mol to favor areaction with asingle
reaction product, and/or can be carried out under physiological conditions. A distinct exothermic

reaction makes areactant "spring loaded". In some embodiments, aclick chemistry reaction
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exhibits high atom economy, can be carried out under simple reaction conditions, use readily
available starting materials and reagents, uses no toxic solvents or use a solvent that is benign or
easily removed (preferably water), and/or provides simple product isolation by non-
chromatographic methods (crystallization or distillation).

[0031] The term "deaminase" refers to an enzyme that catalyzes a deamination reaction.
In some embodiments, the deaminase is a cytidine deaminase, catalyzing the hydrolytic
deamination of cytidine or deoxycytidine to uracil or deoxyuracil, respectively.

[0032] The term "effective amount,” asused herein, refers to an amount of abiologically
active agent that is sufficient to elicit adesired biological response. For example, in some
embodiments, an effective amount of afunctional effector protein (e.g., nucleases,
transcriptional activators/repressors, recombinases, Cas9 proteins including variants and fusions
thereof, etc.) may refer to the amount of the protein that is sufficient to induce a detectable effect
(e.0., cleavage of atarget site, modification of atarget site, modulation of gene expression, etc.).
Such an effect may be detected in a suitable assay, e.g., in acell-free assay, or in atarget cell,
tissue, or subject organism. Aswill be appreciated by the skilled artisan, the effective amount of
an agent, e.g., afunctional effector protein, may vary depending on various factors as, for
example, on the desired biological response, the specific alele to betargeted, the genome, target
site, cell, or tissue being targeted, and the supercharged protein being used.

[0033] The term "effector protein” refers to aprotein that modulates a biological
function of a cell when introduced into the cell, e.g., amodification of anucleic acid molecule in
the cell (such as a cleavage, deamination, recombination, etc.), or amodulation (e.g., increases or
decreases) the expression or the expression level of agene in the cell.

[0034] The term "engineered,” asused herein refers to aprotein molecule, complex,
substance, or entity that has been designed, produced, prepared, synthesized, and/or
manufactured by ahuman. Accordingly, an engineered product is aproduct that does not occur
in nature. In some embodiments, an engineered protein or composition, e.g., an engineered
supercharged protein associated with afunctional effector protein, such as anuclease, Cas9
protein (including variants and fusions thereof) is a supercharged protein that has been designed
to meet particular requirements or to have particular desired features, e.g., to have a specified net
charge, to specifically bind and/or cleave or modify atarget sequence of interest, to have a

specific minimal or maximal cleavage or enzymatic activity, and/or to have a specific stability.
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[0035] The term "epigenetic modifier," asused herein, refers to aprotein or catalytic
domain thereof having enzymatic activity that results in the epigenetic modification of DNA, for
example chromosomal DNA. Epigenetic modifications include, but are not limited to DNA
methylation and demethylation; histone modifications including methylation and demethylation
(e.g., mono-, di- and tri-methylation), histone acetylation and deacetylation, aswell we histone
ubiquitylation, phosphorylation, and sumoylation.

[0036] The term "functional protein” refersto aprotein that isin aformin which it
exhibits a property and/or activity by which it is characterized.

[0037] The term "fusion protein” refers to aprotein comprising aplurality of
heterologous proteins, protein domains, or peptides, e.g., a supercharged protein and a functional
effector protein, associated with each other via apeptide linkage, thus forming a single amino
acid sequence. In certain embodiments, afusion protein is encoded by a gene.

[0038] The term "gene" has its meaning as understood in the art. It will be appreciated
by those of ordinary skill in the art that the term "gene" may include gene regulatory sequences
(e.g., promoters, enhancers, etc.) and/or intron sequences. It will further be appreciated that
definitions of gene include references to nucleic acidsthat do not encode proteins but rather
encode functional RNA molecules such as RNAi agents, ribozymes, tRNAS, etc. For the
purpose of clarity it should be noted that, as used in the present application, the term "gene"
generally refers to aportion of anucleic acid that encodes aprotein; the term may optionally
encompass regulatory sequences, aswill be clear from context to those of ordinary skill in the
art. This definition isnot intended to exclude application of the term "gene" to non-protein-
coding expression units but rather to clarify that, in most cases, the term as used in this document
refers to aprotein-coding nucleic acid.

[0039] The term "isolated" refers to amolecule, complex, substance, or entity that has
been (1) separated from at least some of the components with which it was associated when
initially produced (whether in nature or in an experimenta setting), and/or (2) produced,
prepared, synthesized, and/or manufactured by a human. Isolated substances and/or entities may
be separated from at least about 10%, about 20%, about 30%>, about 40%>, about 50%>, about
60%, about 70%o0, about 80%>, about 90%>, or more of the other components with which they were
initially associated. In some embodiments, isolated agents are more than about 80%, about 85%,
about 90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%,
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about 98%, about 99%, or more than about 99% pure. Asused herein, asubstanceis"pure” if it
is substantially free of other components.

[0040] The term "linker," as used herein, refersto achemical group or amolecule linking
two molecules or moieties, e.g., a supercharged protein and anuclease. Typicaly, the linker is
positioned between, or flanked by, two groups, molecules, or other moieties and connected to
each one via a covalent bond, thus connecting the two. In some embodiments, the linker
comprises an amino acid or aplurality of amino acids {e.g., apeptide or protein). In some
embodiments, the linker is an organic molecule, group, polymer, or chemical moiety. In some
embodiments, the linker is a cleavable linker, e.g., the linker comprises abond that can be
cleaved upon exposure to a cleaving activity, such asUV light or a hydrolytic enzyme, such as a
lysosomal protease. In some embodiments, the linker is any stretch of amino acids having at
least 1, at least 2, at least 3, a least 4, & least 5, & least 6, & least 7, at least 8, at |least 9, at |east
10, at least 15, at least 20, at least 25, at least 30, at least 40, at least 50, or more amino acids. In
some embodiments, the peptide linker comprises repeats of the tri-peptide Gly-Gly-Ser, e.g.,
comprising the sequence (GGS),, wherein n represents & least 1, 2, 3,4, 5, 6, 7, 8,9, 10, or more
repeats. In some embodiments, the linker comprises the sequence (GGS)4 (SEQ ID NO:2). In
some embodiments, the peptide linker isthe 16 residue "XTEN" linker, or avariant thereof (See,
e.g., Schellenberger et al. A recombinant polypeptide extends the in vivo half-life of peptides and
proteins in atunable manner. Nat. Biotechnol. 27, 1186-1 190 (2009)). In some embodiments,
the XTEN linker comprises the sequence SGSETPGTSESATPES (SEQ ID NO:3),
SGSETPGTSESA (SEQ ID NO:4), or SGSETPGTSESATPEGGSGGS (SEQ ID NO:5). In
some embodiments, the peptide linker is one or more selected from VPFLLEPDNINGKTC

(SEQ ID NO:6), GSAGSAAGSGEF (SEQ ID NO:7), SIVAQLSRPDPA (SEQ ID NO:8),
MKIIEQLPSA (SEQ ID NO:9), VRHKLKRVGS (SEQ ID NO: 10), GHGTGSTGSGSS (SEQ
ID NO: 11), MSRPDPA (SEQ ID NO: 12); or GGSM (SEQ 1D NO: 13).

[0041] Theterm "nuclease," asused herein, refers to an agent, for example, aprotein or a
small molecule, capable of cleaving a phosphodiester bond connecting nucleotide residues in a
nucleic acid molecule. In some embodiments, anuclease is aprotein, e.g., an enzyme that can
bind anucleic acid molecule and cleave a phosphodiester bond connecting nucleotide residues
within the nucleic acid molecule. A nuclease may be an endonuclease, cleaving a phosphodiester
bond within apolynucleotide chain, or an exonuclease, cleaving a phosphodiester bond at the
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end of the polynucleotide chain. In some embodiments, anuclease is a site-specific nuclease,
binding and/or cleaving a specific phosphodiester bond within a specific nucleotide sequence,
which is also referred to herein asthe "recognition sequence," the "nuclease target site," or the
"target site” In some embodiments, anuclease recognizes asingle stranded target site, while in
other embodiments, anuclease recognizes a double-stranded target site, for example, a double-
stranded DNA target site. Thetarget sites of many naturally occurring nucleases, for example,
many naturally occurring DNA restriction nucleases, are well known to those of skill in the art.
In many cases, a DNA nuclease, such as EcoRlI, Hindlll, or BamHI, recognize apalindromic,
double-stranded DNA target site of 4 to 10 base pairs in length, and cut each of the two DNA
strands at a specific position within the target site. Some endonucleases cut a double-stranded
nucleic acid target site symmetrically, i.e., cutting both strands at the same position so that the
ends comprise base-paired nucleotides, aso referred to herein asblunt ends. Other
endonucleases cut a double-stranded nucleic acid target site asymmetrically, i.e., cutting each
strand at a different position so that the ends comprise unpaired nucleotides. Unpaired
nucleotides at the end of a double-stranded DNA molecule are aso referred to as "overhangs,"
e.g., as"5"-overhang" or as"3'-overhang," depending on whether the unpaired nucleotide(s)
form(s) the 5' or the 3' end of the respective DNA strand. Double-stranded DNA molecule ends
ending with unpaired nucleotide(s) are also referred to as sticky ends, asthey can "stick to" other
double-stranded DNA molecule ends comprising complementary unpaired nucleotide(s). A
nuclease protein typically comprises a"binding domain" that mediates the interaction of the
protein with the nucleic acid substrate, and a "cleavage domain” that catalyzes the cleavage of
the phosphodiester bond within the nucleic acid backbone. In some embodiments, anuclease
protein can bind and cleave anucleic acid molecule in amonomeric form, while, in other
embodiments, anuclease protein has to dimerize or multimerize in order to cleave atarget
nucleic acid molecule. Binding domains and cleavage domains of naturally occurring nucleases,
aswell asmodular binding domains and cleavage domains that can be combined to create
nucleases that bind specific target sites, are well known to those of skill in the art. For example,
transcriptional activator like elements can be used as binding domains to specifically bind a
desired target site, and fused or conjugated to a cleavage domain, for example, the cleavage

domain of Fokl, to create an engineered nuclease cleaving the desired target site.
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[0042] The term "nucleic acid" and the term "nucleic acid molecule," as used
interchangeably herein, refer to a compound comprising anucleoside, anucleotide, or apolymer
of nucleotides. Typically, polymeric nucleic acids, e.g., nucleic acid molecules comprising three
or more nucleotides are linear molecules, in which adjacent nucleotides are linked to each other
via aphosphodiester linkage. In some embodiments, "nucleic acid" refers to individual nucleic
acid residues {e.g. nucleotides and/or nucleosides). In some embodiments, "nucleic acid" refers
to an oligonucleotide chain comprising three or more individual nucleotide residues. Asused
herein, the terms "oligonucleotide" and "polynucleotide” can be used interchangeably to refer to
apolymer of nucleotides {e.g., astring of at least three nucleotides). In some embodiments,
"nucleic acid" encompasses RNA aswell as single and/or double-stranded DNA. Nucleic acids
may be naturally occurring, for example, in the context of a genome, atranscript, an mRNA,
tRNA, rRNA, siRNA, snRNA, aplasmid, cosmid, chromosome, chromatid, or other naturally
occurring nucleic acid molecule. On the other hand, anucleic acid molecule may be anon-
naturally occurring molecule, e.g., arecombinant DNA or RNA, an artificial chromosome, an
engineered genome, or fragment thereof, or a synthetic DNA, RNA, DNA/RNA hybrid, or
including non-naturally occurring nucleotides or nucleosides. Furthermore, the terms "nucleic
acid,” "DNA," "RNA," and/or similar terms include nucleic acid analogs, i.e. analogs having
other than a phosphodiester backbone. Nucleic acids can be purified from natural sources,
produced using recombinant expression systems and optionally purified, chemically synthesized,
etc. Where appropriate, e.g., in the case of chemically synthesized molecules, nucleic acids can
comprise nucleoside analogs such as analogs having chemically modified bases or sugars, and
backbone modifications. A nucleic acid sequence is presented in the 5'to 3' direction unless
otherwise indicated. In some embodiments, anucleic acid isor comprises natural nucleosides
{e.g. adenosine, thymidine, guanosine, cytidine, uridine, deoxyadenosine, deoxythymidine,
deoxyguanosine, and deoxycytidine); nucleoside analogs {e.g., 2-aminoadenosine, 2-
thiothymidine, inosine, pyrrolo-pyrimidine, 3-methyl adenosine, 5-methylcytidine, 2-
aminoadenosine, C5-bromouridine, C5-fluorouridine, C5-iodouridine, C5-propynyl-uridine, C5-
propynyl-cytidine, C5-methylcytidine, 2-aminoadenosine, 7-deazaadenosine, 7-deazaguanosine,
8-oxoadenosine, 8-oxoguanosine, 0(6)-methylguanine, and 2-thiocytidine); chemically modified

bases; biologicaly modified bases {e.g., methylated bases); intercalated bases; modified sugars
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(e.g., 2-fluororibose, ribose, 2'-deoxyribose, arabinose, and hexose); and/or modified phosphate
groups (e.g., phosphorothioates and 5'-N-phosphoramidite linkages).

[0043] The term "pharmaceutical composition,” as used herein, refers to a composition
that can be administrated to a subject, for example, in the context of treatment of a disease or
disorder. In some embodiments, apharmaceutical composition comprises an active ingredient,
e.g., asupercharged protein associated with afunctional effector protein, such as anuclease, or a
nucleic acid encoding a supercharged protein and afunctional effector protein, e.g., in the form
of afusion protein, and apharmaceutically acceptable excipient.

[0044] The term "physiological pH" asused herein refers to apH value that is found in a
normal, non-pathologic cell or subject. In some embodiments, physiological pH isbetween pH 5
- 8. In some embodiments, physiological pH ispH 7-7.5, for example, pH 7.0, pH 7.1, pH 7.2,
pH 7.3, pH 7.4, or pH 7.5. In some embodiments, physiological pH ispH 6.5-7.5. In some
embodiments, physiological pH ispH 5, pH 5.5, pH 6, pH 6.5, pH 7, pH 7.5, or pH 8.

[0045] The term "prevention” or "prevent” refer to the prophylactic treatment of a
subject who is a risk of developing a disease, disorder, or condition (e.g., a an elevated risk as
compared to a control subject, or a control group of subject, or a an elevated risk as compared to
the average risk of an age-matched and/or gender-matched subject), resulting in a decrease in the
probability that the subject will develop the disease, disorder, or condition (as compared to the
probability without prevention), and/or to the inhibition of further advancement of an already
established disorder.

[0046] The term "proliferative disease,”" asused herein, refers to any disease in which
cell or tissue homeostasis is disturbed in that a cell or cell population exhibits an abnormally
elevated proliferation rate. Proliferative diseases include hyperproliferative diseases, such as
pre-neoplastic hyperplastic conditions and neoplastic diseases. Neoplastic diseases are
characterized by an abnormal proliferation of cells and include both benign and malignant
neoplasias. Malignant neoplasms are also referred to as cancers.

[0047] The term "protein” isinterchangeably used herein with the terms "peptide” and
"polypeptide” and refers to apolymer of amino acid residues linked together by peptide (amide)
bonds. Theterms refer to aprotein, peptide, or polypeptide of any size, structure, or function.
Typically, aprotein, peptide, or polypeptide will be a least three amino acids long. A protein,
peptide, or polypeptide may refer to an individual protein or acollection of proteins. One or
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more of the amino acids in aprotein, peptide, or polypeptide may be modified, for example, by
the addition of a chemical entity such as a carbohydrate group, a hydroxyl group, a phosphate
group, afarnesyl group, an isofarnesyl group, afatty acid group, alinker for conjugation,
functionalization, or other modification, etc. A protein, peptide, or polypeptide may aso be a
single molecule or may be amulti-molecular complex. A protein, peptide, or polypeptide may
bejust afragment of anaturally occurring protein or peptide. A protein, peptide, or polypeptide
may be naturally occurring, recombinant, or synthetic, or any combination thereof. A protein
may comprise different domains, for example, a TALE effector protein may comprise anucleic
acid binding domain and an effector domain, e.g., anucleic acid cleavage domain or a
transcriptional activator or repressor domain. In some embodiments, aprotein comprises a
proteinaceous part, e.g., ah amino acid sequence constituting anucleic acid binding domain, and
an organic compound, e.g., acompound that can act as anucleic acid cleavage agent.

[0048] The term "protein to be delivered,” also sometimes referred to herein as "effector
protein” or "functional effector protein,” refersto aprotein that isto be delivered to atarget cell.
The protein may be any type of protein, including, for example, enzymes {e.g., oxidoreductases,
transferases, hydrolases, lyases, isomerases, or ligases); transcriptional activators, transcriptional
repressors, genome editing proteins, Cas9 proteins, TALES, TALENS, nucleases, binding
proteins {e.g., ligands, receptors, antibodies, antibody fragments; nucleic acid binding proteins,
etc.); structural proteins; therapeutic proteins {e.g., tumor suppressor proteins, therapeutic
enzymes, growth factors, growth factor receptors, transcription factors, proteases, etc.),
fluorescent proteins, aswell as variants and fusions thereof.

[0049] The term "RNA-programmable nuclease,” and "RNA-guided nuclease” are used
interchangeably herein and refer to anuclease that forms a complex with {e.g., binds or
associates with) one or more RNA molecule that isnot atarget for cleavage. In some
embodiments, an RNA-programmable nuclease, when in a complex with an RNA, may be
referred to as anuclease:RNA complex. RNA-programmable nucleases include Cas9.
Typicaly, the bound RNA(S) isreferred to as aguide RNA (gRNA). gRNAS can exist as a
complex of two or more RNAS, or as asingle RNA molecule. gRNAsthat exist as asingle RNA
molecule may bereferred to as single-guide RNAs (sgRNAS), though "gRNA" isused
interchangeably to refer to guide RNASs that exist as either single molecules or as a complex of
two or more molecules. Typically, gRNAsthat exist as single RNA species comprise two

22



WO 2016/070129 PCT/US2015/058479

domains: (1) adomain that shares homology to atarget nucleic acid (e.g., and directs binding of
a Cas9 complex to the target); and (2) a domain that binds a Cas9 protein. The gRNA comprises
anucleotide sequence that complements atarget site, which mediates binding of the
nuclease/RNA  complex to said target site and providing the sequence specificity of the
nucleaseRNA  complex.

[0050] The term "recombinase,” asused herein, refers to a site-specific enzyme that
mediates the recombination of DNA between recombinase recognition sequences, which results
in the excision, integration, inversion, or exchange (e.g., trandocation) of DNA fragments
between the recombinase recognition sequences. Recombinases can be classified into two
distinct families: serine recombinases (€.9., resolvases and invertases) and tyrosine recombinases
(e.g., integrases). Examples of serine recombinases include, without limitation, Hin, Gin, Tn3,
B-six, CinH, ParA, yd, Bxbl, ¢$C31, TP901, TGI, cpBTI, R4, cpRVI, cpFCl, MRU, A 118, U153,
and gp29. Examples of tyrosine recombinases include, without limitation, Cre, FLP, R, Lambda,
HK101, HKO022, and pSAM2. The serine and tyrosine recombinase names stem from the
conserved nucleophilic  amino acid residue that the recombinase uses to attack the DNA and
which becomes covaently linked tothe DNA during strand exchange. Recombinases have
numerous applications, including the creation of gene knockouts’knock-ins and gene therapy
applications.  See, €.g., Brown etal., "Serine recombinases astools for genome engineering."
Methods. 201 1;53(4):372-9; Hirano et al., "Site-specific  recombinases astools for heterologous
gene integration.”  Appl. Microbiol. Biotechnol. 201 1; 92(2):227-39; Chavez and Calos,
"Therapeutic  applications of the OC31 integrase system.” Curr. Gene Ther. 201 1;1 1(5):375-81;
Turan and Bode, "Site-specific recombinases. from tag-and-target- to tag-and-exchange-based
genomic modifications” FASEB J. 201 1; 25(12):4088-107; Venken and Bellen, "Genome-wide
manipulations  of Drosophila melanogaster with transposons, Flp recombinase, and OC31
integrase.” Methods Mol. Biol. 2012; 859:203-28; Murphy, "Phage recombinases and their
applications.”  Adv. VirusRes. 2012; 83:367-414; Zhang et al., "Conditional  gene manipulation:
Cre-ating anew biologica era" J.Zhgiang Univ. Sci. B. 2012; 13(7):51 1-24; Karpenshif and
Bernstein, "From yeast to mammals. recent advances in genetic control of homologous
recombination.”  DNA Repair (Amst). 2012; 1;11(10):781-8; the entire contents of each are
hereby incorporated by reference in their entirety. The recombinases provided herein are not

meant to be exclusive examples of recombinases that can beused in embodiments of the
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invention. The methods and compositions of the invention can be expanded by mining databases
for new orthogonal recombinases or designing synthetic recombinases with defined DNA
specificities (See, e.g., Groth et al., "Phage integrases: biology and applications.” J. Mal. Biol.
2004, 335, 667-678; Gordley et a/., "Synthesis of programmable integrases.” Proc. Natl. Acad.
Sci. U SA. 2009; 106, 5053-5058; the entire contents of each are hereby incorporated by
reference in their entirety). Other examples of recombinases that are useful in the methods and
compositions described herein are known to those of skill in the art, and any new recombinase
that is discovered or generated is expected to be able to be used in the different embodiments of
the invention. In some embodiments, arecombinase (or catalytic domain thereof) isfused to a
Cas9 protein (e.g., dCas9).

[0051] The term "recombine,” or "recombination,” in the context of anucleic acid
modification (e.g., a genomic modification), isused to refer to the process by which two or more
nucleic acid molecules, or two or more regions of a single nucleic acid molecule, are modified by
the action of arecombinase protein. Recombination can result in, inter alia, the insertion,
inversion, excision, or translocation of anucleic acid sequence, e.g., in or between one or more
nucleic acid molecules.

[0052] The term "subject,” asused herein, refers to an individual organism. In some
embodiments, the subject isahuman of either sex a any stage of development. In some
embodiments, the subject isanon-human mammal. In some embodiments, the subject isanon-
human primate. In some embodiments, the subject isarodent. In some embodiments, the
subject is alaboratory animal, for example, amouse, arat, agerbil, aguinea pig, afish, afrog, or
afly. In some embodiments, the subject isafarm animal, for example, a sheep, a goat, apig, or
acattle. In some embodiments, the subject is acompanion animal, for example, a cat or a dog.
In some embodiments, the subject isavertebrate, an amphibian, areptile, afish, an insect, afly,
or anematode. In some embodiments, the subject is genetically engineered, e.g., a genetically
engineered non-human subject.

[0053] The term "supercharge” refers to any modification of aprotein that results in the
increase or decrease of the overall net charge of the protein. Modifications include, but are not
limited to, alterations in amino acid sequence or addition of charged moieties (e.g., carboxylic

acid groups, phosphate groups, sulfate groups, amino groups). Supercharging also refers to the
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association of an agent with a charged protein, naturally occurring or modified, to form a
complex with increased or decreased charge relative to the agent alone.

[0054] The term "target site," as used herein in the context of functional effector proteins
that bind anucleic acid molecule, such as nucleases and transcriptional activators or repressors,
refers to a sequence within anucleic acid molecule that isbound and acted upon by the effector
protein, e.g., cleaved by the nuclease or transcriptionally activated or repressed by the
transcriptional activator or repressor, respectively. A target site may be single-stranded or
double-stranded. In the context of RNA-guided {e.g., RNA-programmable) nucleases {e.g.,
Cas9), atarget site typically comprises anucleotide sequence that is complementary to the
gRNA of the RNA-programmable nuclease, and aprotospacer adjacent motif (PAM) at the 3'
end adjacent to the gRNA-complementary sequence. For the RNA-guided nuclease Cas9 (or
variants or fusions comprising having gRNA binding activity), the target site may be, in some
embodiments, 20 base pairs plus a 3 base pair PAM {e.g., NNN, wherein N represents any
nucleotide). Typically, the first nucleotide of a PAM can be any nucleotide, while the two
downstream nucleotides are specified depending on the specific RNA-guided nuclease.
Exemplary target sites for RNA-guided nucleases, such as Cas9, are known to those of skill in
the art and include, without limitation, NNG, NGN, NAG, and NGG, wherein N represents any
nucleotide. In addition, Cas9 nucleases from different species {e.g., S. thermophilus instead of S.
pyogenes) recognizes a PAM that comprises the sequence NGGNG. Additiona PAM sequences
are known, including, but not limited to, NNAGAAW and NAAR (see, e.g., Esvelt and Wang,
Molecular Systems Biology, 9:641 (2013), the entire contents of which are incorporated herein
by reference). For example, the target site of an RNA-guided nuclease, such as, e.g., Cas9, may
comprise the structure [NZ]-[PAM], where each N is, independently, any nucleotide, and Z isan
integer between 1and 50, inclusive. In some embodiments, Z iséat least 2, a least 3, a least 4, &
least 5, at least 6, at least 7, a least 8, a& least 9, & least 10, at least 11, a least 12, at least 13, at
least 14, at least 15, a least 16, a least 17, at least 18, at least 19, at least 20, at least 25, at least
30, a least 35, at least 40, at least 45, or  least 50. In some embodiments, Zis5, 6, 7, 8, 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48,49, or 50. In some embodiments, Z is20. In some
embodiments, "target site” may also refer to a sequence within anucleic acid molecule that is

bound but not cleaved by anuclease. For example, certain embodiments described herein
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provide proteins comprising an inactive (or inactivated) Cas9 DNA cleavage domain. Such
proteins (e.g., when also including a Cas9 RNA binding domain) are ableto bind the target site
specified by the gRNA, however because the DNA cleavage site isinactivated, the target siteis
not cleaved by the particular protein. However, such proteins as described herein are typically
conjugated, fused, or bound by another protein (e.g., anuclease, transcriptiona activator,
recombinase, deaminase, etc.) or molecule that mediates modification of the nucleic acid
molecule. In some embodiments, the sequence actually cleaved will depend on the protein (e.g.,
nuclease) or molecule that mediates cleavage of the nucleic acid molecule, and in some cases, for
example, will relate to the proximity or distance from which the inactivated Cas9 protein(s)
iSare bound. In the context of nucleases that dimerize, for example, dimers of aprotein
comprising an inactive Cas9 (or aCas9 RNA binding domain) and aDNA cleavage domain
(e.g., Fokl cleavage domain or an active Cas9 cleavage domain), atarget sitestypically
comprises aleft-half site (bound by one protein), aright-half site (bound by the second protein),
and a spacer sequence between the half sites in which the cut ismade. In some embodiments,
either the left-half site or the right half-site (and not the spacer sequence) iscut. This structure
([left-half site]-[spacer sequence]-[right-half site]) isreferred to herein asan LSR structure. In
some embodiments, the left-half site and/or the right-half site correspond to an RNA-guided
target site (e.g., a Cas9 target site). In some embodiments, either or both half-sites are shorter or
longer than, e.g., atypical region targeted by Cas9, for example shorter or longer than 20
nucleotides. In some embodiments, the left and right half sites comprise different nucleic acid
sequences. In some embodiments, the target site is a sequence comprising three (3) RNA-guided
nuclease target site sequences, for example, three sequences corresponding to Cas9 target site
sequences, in which the first and second, and second and third Cas9 target site sequences are
separated by a spacer sequence. In some embodiments, the spacer sequence isat least 5, a least
6, a least 7, a least 8, a least 9, at least 10, at least 11, at least 12, at least 13, at least 14, at |least
15, & least 16, a least 17, a least 18, at least 19, at least 20, at least 25, at least 30, a least 35, a
least 40, at least 45, a least 50, at least 60, at least 70, at least 80, at least 90, at least 100, at least
125, at least 150, & least 175, at least 200, or at least 250 bp long.

[0055] The terms "transcriptional activator" and "transcriptional repressor” refer to an
agent such as aprotein (e.g., atranscription factor or fragment thereof), that binds atarget

nucleic acid sequence and causes an increase or decrease of the level of expression of agene
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product associated with the target nucleic acid sequence, respectively. For example, if the target
nucleic acid sequence is located within aregulatory region of agene, atranscriptional activator
causes an increase of the level of expression of agene product encoded by the gene (conversely,
atranscriptional repressor causes a decrease of the level of expression of a gene product encoded
by the gene). The gene product can be an RNA transcribed from the gene (e.g., an mRNA) or a
polypeptide trandlated from an mRNA transcribed from the gene. Typically an increase or
decrease in the level of an mMRNA results in an or decrease increase in the level of apolypeptide
translated therefrom. The level of expression may be determined using standard techniques for
measuring mMRNA or protein.

[0056] The term "Transcriptional Activator-Like Effector,” (TALE) asused herein,
refers to effector proteins comprising a DNA binding domain, which contains a highly conserved
33-34 amino acid sequence comprising a highly variable two-amino acid motif (Repeat Variable
Diresidue, RVD). The RVD motif determines binding specificity to anucleic acid sequence, and
can be engineered according to methods well known to those of skill in the art to specifically
bind adesired DNA sequence (see, e.g., Miller, Jeffrey; et.al. (February 201 1). "A TALE
nuclease architecture for efficient genome editing”. Nature Biotechnology 29 (2): 143-8; Zhang,
Feng; et.al. (February 201 1). "Efficient construction of sequence-specific TAL effectors for
modulating mammalian transcription”. Nature Biotechnology 29 (2): 149-53; Geipier, R,;
Scholze, H.; Hahn, S.; Streubel, J.; Bonas, U.; Behrens, S. E.; Boch, J. (201 1), Shiu, Shin-Han.
ed. "Transcriptional Activators of Human Genes with Programmable DNA-Specificity”. PLoS
ONE 6 (5): €9509; Boch, Jens (February 201 1). "TALEs of genome targeting”. Nature
Biotechnology 29 (2): 135-6; Boch, Jens; et.al. (December 2009). "Breaking the Code of DNA
Binding Specificity of TAL-Type Ill Effectors’. Science 326 (5959): 1509-12; and Moscou,
Matthew J.; Adam J. Bogdanove (December 2009). "A Simple Cipher Governs DNA
Recognition by TAL Effectors’. Science 326 (5959): 1501; the entire contents of each of which
are incorporated herein by reference). The simple relationship between amino acid sequence and
DNA recognition has allowed for the engineering of specific DNA binding domains by selecting
a combination of repeat segments containing the appropriate RVDs. TALE effector proteins
include, without limitation, TALE nucleases (TALENS) and TALE transcriptional activators and

repressors.
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[0057] The term "Transcriptional Activator-Like Element Nuclease," (TALEN) as used
herein, refers to an artificial nuclease comprising atranscriptional activator like effector DNA
binding domain to a DNA cleavage domain, for example, a Fokl domain. A number of modular
assembly schemes for generating engineered TALE constructs have been reported (Zhang, Feng;
et.al. (February 201 1). "Efficient construction of sequence-specific TAL effectors for
modulating mammalian transcription”. Nature Biotechnology 29 (2): 149-53; Geipier, R.;
Scholze, H.; Hahn, S.; Streubel, J.; Bonas, U.; Behrens, S. E.; Boch, J. (201 1), Shiu, Shin-Han.
ed. "Transcriptional Activators of Human Genes with Programmable DNA-Specificity”. PL0S
ONE 6 (5): €9509; Cermak, T.; Doyle, E. L.; Christian, M.; Wang, L.; Zhang, Y.; Schmidt, C;
Bailer, J. A.; Somia, N.V.etal. (201 1). "Efficient design and assembly of custom TALEN and
other TAL effector-based constructs for DNA targeting”. Nucleic Acids Research; Morbitzer, R.;
Elsaesser, J.; Hausner, J.; Lahaye, T. (201 1). "Assembly of custom TALE-type DNA binding
domains by modular cloning”. Nucleic Acids Research; Li, T.; Huang, S.; Zhao, X.; Wright, D.
A.; Carpenter, S.; Spalding, M. H.; Weeks, D. P.; Yang, B. (201 1). "Modularly assembled
designer TAL effector nucleases for targeted gene knockout and gene replacement in
eukaryotes'. Nucleic Acids Research.; Weber, E.; Gruetzner, R.; Werner, S.; Engler, C;
Marillonnet, S. (201 1). Bendahmane, Mohammed. ed. "Assembly of Designer TAL Effectors by
Golden Gate Cloning". PLoS ONE 6 (5): el 9722; each of which isincorporated herein by
reference).

[0058] The term "transcriptional repressor” refers to atranscription factor, e.g., a
protein, that binds atarget nucleic acid sequence and causes areduction of the level of
expression of a gene product associated with the target nucleic acid sequence. For example, if
the target nucleic acid sequence islocated within aregulatory region of agene, atranscriptional
repressor causes areduction of the level of expression of a gene product encoded by the gene.
The gene product can be an RNA transcribed from the gene {e.g., an mMRNA) or apolypeptide
translated from an mRNA transcribed from the gene. Typically areduction in the level of an
MRNA results in areduction in the level of apolypeptide translated therefrom. The level of
expression may be determined using standard techniques for measuring mRNA or protein.
[0059] The term "zinc finger nuclease," asused herein, refers to anuclease comprising a
nucleic acid cleavage domain conjugated to abinding domain that comprises a zinc finger array.

In some embodiments, the cleavage domain isthe cleavage domain of the type 11 restriction
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endonuclease Fokl. Zinc finger nucleases can be designed to target virtually any desired
sequence in agiven nucleic acid molecule for cleavage, and the possibility to design zinc finger
binding domains to bind unique sites in the context of complex genomes allows for targeted
cleavage of asingle genomic site in living cells, for example, to achieve atargeted genomic
alteration of therapeutic value. Targeting a double-strand break to a desired genomic locus can
be used to introduce frame-shift mutations into the coding sequence of a gene due to the error-
prone nature of the non-homologous DNA repair pathway. Zinc finger nucleases can be
generated to target a site of interest by methods well known to those of skill in the art. For
example, zinc finger binding domains with a desired specificity can be designed by combining
individual zinc finger motifs of known specificity. The structure of the zinc finger protein
Zif268 bound to DNA has informed much of the work in this field and the concept of obtaining
zinc fingers for each of the 64 possible base pair triplets and then mixing and matching these
modular zinc fingers to design proteins with any desired sequence specificity has been described
(Pavletich NP, Pabo CO (May 1991). "Zinc fmger-DNA recognition: crystal structure of a
Zif268-DNA complex at 2.1 A". Science 252 (5007): 809-17, the entire contents of which are
incorporated herein). In some embodiments, separate zinc fingers that each recognizes a 3 base
pair DNA sequence are combined to generate 3-, 4-, 5-, or 6-fmger arrays that recognize target
sites ranging from 9 base pairs to 18 base pairs in length. In some embodiments, longer arrays
are contemplated. In other embodiments, 2-finger modules recognizing 6-8 nucleotides are
combined to generate 4-, 6-, or 8- zinc finger arrays. In some embodiments, bacterial or phage
display is employed to develop azinc finger domain that recognizes a desired nucleic acid
sequence, for example, a desired nuclease target site of 3-30 bp in length. Zinc finger nucleases,
in some embodiments, comprise azinc finger binding domain and a cleavage domain fused or
otherwise conjugated to each other via alinker, for example, apolypeptide linker. The length of
the linker determines the distance of the cut from the nucleic acid sequence bound by the zinc
finger domain. If ashorter linker isused, the cleavage domain will cut the nucleic acid closer to
the bound nucleic acid sequence, while alonger linker will result in agreater distance between
the cut and the bound nucleic acid sequence. In some embodiments, the cleavage domain of a
zinc finger nuclease has to dimerize in order to cut abound nucleic acid. In some such
embodiments, the dimer is a heterodimer of two monomers, each of which comprise a different

zinc finger binding domain. For example, in some embodiments, the dimer may comprise one
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monomer comprising zinc finger domain A conjugated to aFokl cleavage domain, and one
monomer comprising zinc finger domain B conjugated to a Fokl cleavage domain. In this non-
limiting example, zinc finger domain A binds anucleic acid sequence on one side of the target
site, zinc finger domain B binds anucleic acid sequence on the other side of the target site, and
the dimerize Fokl domain cuts the nucleic acid in between the zinc finger domain binding sites.
[0060] The term "zinc finger," as used herein, refers to a small nucleic acid-binding
protein structural motif characterized by afold and the coordination of one or more zinc ions that
stabilize the fold. Zinc fingers encompass awide variety of differing protein structures (see, e.g.,
Klug A, Rhodes D (1987). "Zinc fingers: anovel protein fold for nucleic acid recognition”. Cold
Spring Harb. Symp. Quant. Biol. 52: 473-82, the entire contents of which are incorporated
herein by reference). Zinc fingers can be designed to bind a specific sequence of nucleotides,
and zinc finger arrays comprising fusions of a series of zinc fingers, can be designed to bind
virtually any desired target sequence. Such zinc finger arrays can form abinding domain of a
protein, for example, of anuclease, e.g., if conjugated to anucleic acid cleavage domain.
Different types of zinc finger motifs are known to those of skill in the art, including, but not
limited to, Cys,His,, Gag knuckle, Treble clef, Zinc ribbon, Zn,/Cys,, and TAZ2 domain-like
motifs (see, e.g., Krishna SS, Majumdar |, GrishinNV (January 2003). "Structural classification
of zinc fingers. survey and summary"”. Nucleic Acids Res. 31 (2): 532-50). Typicaly, asingle
zinc finger motif binds 3 or 4 nucleotides of anucleic acid molecule. Accordingly, azinc finger
domain comprising 2 zinc finger motifs may bind 6-8 nucleotides, azinc finger domain
comprising 3 zinc finger motifs may bind 9-12 nucleotides, azinc finger domain comprising 4
zinc finger motifs may bind 12-16 nucleotides, and so forth. Any suitable protein engineering
technique can be employed to ater the DNA-binding specificity of zinc fingers and/or design
novel zinc finger fusionsto bind virtually any desired target sequence from 3- 30 nucleotides in
length (see, e.g., Pabo CO, Peisach E, Grant RA (2001). "Design and selection of novel cys2His2
Zinc finger proteins’. Annual Review d Biochemistry 70: 313-340; Jamieson AC, Miller JC,
Pabo CO (2003). "Drug discovery with engineered zinc-finger proteins'. Nature Reviews Drug
Discovery 2 (5): 361-368; and Liu Q, Segal DJ, Ghiara JB, Barbas CF (May 1997). "Design of
polydactyl zinc-finger proteins for unique addressing within complex genomes'. Proc. Natl.
Acad. <. U.SA. 94 (11); the entire contents of each of which are incorporated herein by

reference). Fusions between engineered zinc finger arrays and protein domains that cleave a
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nucleic acid can be used to generate a"zinc finger nuclease." A zinc finger nuclease typically
comprises azinc finger domain that binds a specific target site within anucleic acid molecule,
and anucleic acid cleavage domain that cuts the nucleic acid molecule within or in proximity to
the target site bound by the binding domain. Typical engineered zinc finger nucleases comprise
abinding domain having between 3 and 6 individual zinc finger motifs and binding target sites
ranging from 9 base pairs to 18 base pairs in length. Longer target sites are particularly attractive
in situations where it isdesired to bind and cleave atarget site that isunique in a given genome.
[0061] The terms "treatment,” "treat,” and "treating,” refer to aclinical intervention
aimed to reverse, dleviate, delay the onset of, or inhibit the progress of a disease or disorder, or
one or more symptoms thereof, as described herein. Asused herein, the terms "treatment,"”
"treat,” and "treating" refer to aclinical intervention aimed to reverse, aleviate, delay the onset
of, or inhibit the progress of a disease or disorder, or one or more symptoms thereof, as described
herein. In some embodiments, treatment may be administered after one or more symptoms have
developed and/or after a disease has been diagnosed. In other embodiments, treatment may be
administered in the absence of symptoms, e.g., to prevent or delay onset of a symptom or inhibit
onset or progression of adisease. For example, treatment may be administered to a susceptible
individual prior to the onset of symptoms (e.g., in light of ahistory of symptoms and/or in light
of genetic or other susceptibility factors). Treatment may also be continued after symptoms have

resolved, for example, to prevent or delay their recurrence.

BRIEF DESCRIPTION OF THE DRAWINGS
[0062] Figure1. Schematic of macromolecular delivery into mammalian cells.
[0063] Figure2. Programming adipocyte cell fate: the switch from White Adipose
Tissue (WAT) to Brown Adipose Tissue (BAT).
[0064] Figures. Using supercharged delivery platforms to deliver TALE activators
programmed to target PPARy or PRDM 16.
[0065] Figure4. Schematic of afusion protein comprising a+36 GFP fusion, an 18.5
mer TALE domain, and aVP64 activation domain.
[0066] Figures. Expression and purification of the +36 GFP-TALE activator- fusion

protein.
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[0067] Figure 6. Testing for activation of fat cell regulator genes upon delivery of +36
GFP PPARy and PRDM16 TALE activator fusion proteins.

[0068] Figure 7. Delivery efficacy of +36 GFP TALE activator fusion proteins at
different concentrations.

[0069] Figure 8. Comparison of delivery efficacy of two different +36 GFP-PRDM 16
TALE fusion proteinsin NIH 3T3 cells.

[0070] Figure9. PPARYy gene expression after delivery of PPARy-TALE activator
fusion and comparison to various controls.

[0071] Figure 10. PRDM16 gene expression after delivery of RDM16-TALE activator
fusion and comparison to various controls.

[0072] Figure 11. Moderate TALE activity isobserved in the presence of serum.
[0073] Figure 12. Validation of viral delivery of PPARYy followed by 7-day treatment
with adipogenesis cocktail.

[0074] Figure 13. Schematic of an assay for programming fibroblasts into WAT and
BAT.

[0075] Figure 14. Adipocyte formation observed upon treatment with +36 GFP TALE

activator fusion protein.

[0076] Figure 15. Staining of various treatments after 7 dayswith LipidTOX red shows
formation of adipocytes after viral delivery aswell as after delivery of supercharged PPARy
TALE activator fusion protein.

[0077] Figure 16. Staining of various treatments after 7 dayswith LipidTOX red shows
formation of adipocytes after viral delivery aswell as after delivery of supercharged PPARy
TALE activator fusion protein.

[0078] Figure 17. Expression of WAT biomarker genes after viral delivery aswell as
after delivery of supercharged PPARy TALE activator fusion protein.

[0079] Figure 18. Délivery of supercharged PRDM16 TALE activator fusion proteins to
induce brown-fat adipocytesin vivo. Robust adipocyte formation was observed after viral
delivery of PPARy and PRDM 16 and also after delivery of supercharged TALE activator protein
fusions.

[0080] Figure 19. Comparison of TALE/TALE, vira/TALE, and vira/vira-induced
expression of brown fat markers by expression of PPARy and PRDM 16.

32



WO 2016/070129 PCT/US2015/058479

[0081] Figure 20. RT-qPCR assessments are consistent with fat cell differentiation
observed by LipidTOX staining.

[0082] Figure 21. Ddlivery of functional TALE activator fusion proteins as complexes
with +36 GFP improves TALE activator activity after delivery.

[0083] Figure 22. PRDM16 gene expression after TALE activator fusion delivery either
as afusion (+36GFP PRDM16 TALE-3) or acomplex (+36GFP + PRDM 16 TALE-3) with
+36GFP. Delivery of complexes tends to increase TALE activator activity.

[0084] Figure 23. Effect of Aurein peptide fusion to +36GFP on PRDM 16 gene
expression after TALE activator fusion delivery (either as afusion or a complex with +36GFP).
[0085] Figure 24. PRDM 16 gene expression after TALE activator fusion delivery either
as afusion (+36GFP PRDM 16 TALE-3) or acomplex (+36GFP + PRDM 16 TALE-3) with
Lipofectamine LTX.

[0086] Figure 25. Délivery of supercharged fusion proteins or complexes with Cas9 into
mammalian cells. (GGS)9-T-ALAL-PKKKRKV corresponds to SEQ ID NO: 251.

[0087] Figure 26. Purification of wild-type Cas9 protein and Cas9 fusion proteins with
+36GFP and Aurein-GGS0.

[0088] Figure 27A-B. A strategy for delivering proteins into mammalian cells by fusion
or non-covalent association with polyanionic macromolecules and encapsulation with cationic
lipids is shown. Figure 27(A) shows that recombinases, transcriptional-activator-like effector
(TALE) proteins, and Cas9 endonucleases bind nucleic acids and are natively cationic (net
theoretical charges are shown in black) and are not efficiently encapsulated by cationic lipids.
These proteins can berendered highly anionic, however, by fusion to either a supernegatively
charged protein such as (-30)GFP, or by complexation with polyanionic nucleic acids. Figure
27(B) shows a schematic representing that cationic lipids commonly used to transfect DNA and
RNA encapsulate the resulting highly anionic proteins or protein:nucleic acid complexes,
mediating their delivery into mammalian cells.

[0089] Figure 28A-G. Delivery of Cre recombinase to cultured human cells. In Figure
28(A), the fusion of either highly cationic (+36)GFP or highly anionic (-30)GFP to Cre
recombinase is shown. A HeLareporter cell line that expresses DsRed upon Cre-mediated
recombination was used to evaluate Cre delivery efficiency; (GGS)9 corresponds to SEQ ID NO
: 252 and His6 corresponds to SEQ ID NO: 253. In Figure 28(B) HelLa dsRed cells treated with
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10 nM (-30)GFP-Cre and the cationic lipid RNAIMAX. Cells were visualized after incubation
for 48 hours in media containing 10% fetal bovine serum (FBS). Figure 28(C) shows the delivery
of (+36)GFP-Cre in 10% FBS media or in serum-free media, and (-30)GFP-Cre with or without
the cationic lipid RNAIMAX (0.8 pL) in full-serum media. Figure 28(D) presents the effect of
cationic lipid dose on functional (-30)GFP-Cre delivery efficacy after 48 hoursin 275 pi. media
containing 10% FBS. Figure 28(E) is a comparison of severa commercially available cationic
lipids and polymers for functional delivery efficacy of (-30)dGFP-Cre. Figure 28(F) showsthe
RNAIMAX-mediated delivery of multiple anionic peptide or protein sequences fused to Cre.
Figure 28(G) shows RNAIMAX-mediated delivery of multiple anionic peptide or protein
sequences fused to Cre. The net theoretical charge of the VP64 activation domain and the
3XFLAG tag is-22 and -7, respectively. All experiments were performed with 25 nM protein in
48-well plate format using 275 ul. DMEM with 10% FBS and no antibiotics. Error bars reflect
the standard deviation from three biological replicates performed on different days.

[0090] Figure 29A-C. Delivery of TALE transcriptiona activators into cultured human
cells. Figure 29(A) shows the design of an 18.5-repeat TALE activator fused C-terminally to a
VP64 activation domain and N-terminally to (-30)GFP and an NLS; (GGS)9 corresponds to
SEQ ID NO: 252 and Hisb corresponds to SEQ ID NO: 253. The overall net theoretical charge
of the fusion is-43. Figure 29(B) demonstrates the activation of NTF3 transcription by
traditional transfection of plasmids encoding TALE-V P64 activators that target sitesin the NTF3
gene, or by RNAIMAX cationic lipid-mediated delivery of the corresponding NTF3-targeting (-
30)GFP-TALE-VP64 proteins. Gene expression levels were measured by gRT-PCR and are
normalized to GAPDH expression levels. Incubation times for TALE activators by plasmid
transfection and protein delivery were those found to give maximal increases in NTF3 mRNA
levels. Figure 29(C) shows the time course of TALE activation for protein delivery and plasmid
transfection by measuring NTF3 mRNA levels and then normalizing each method to the highest
activation value achieved over any time point for that method. Optimal protein (25-50 nM) and
lipid dosage (1.5 uL. RNAIMAX) was used for each delivery technique. Error bars reflect the
standard deviation from three biological replicates performed on different days.

[0091] Figure 30A-E. Delivery of Cas9:sgRNA, Cas9 D10A nickase, and dCas9-V P64
transcriptional activators to cultured human cells. Figure 30(A) demonstrates the cationic lipid-
mediated delivery of Cas9 protein variants complexed with an EGFP-targeting sgRNA or a
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VEGF-targeting sgRNA to U20S EGFP reporter cells. U20S EGFP reporter cells were treated
with 100 nM of the Cas9 protein variant shown, 0.8 pi. of the cationic lipid shown, and either 50
nM of the sgRNA shown for Cas9 protein treatment, or 125 nM of the sgRNA shown for
(+36)dGFP-NLS-Cas9 and (-30)dGFP-NLS-Cas9 treatment. The fraction of cells lacking EGFP
expression was measured by flow cytometry. Plasmid DNA transfection of 750 ng Cas9 and 250
ng sgRNA expression plasmids using 0.8 uL. Lipofectamine 2000 is shown aswell. Results are
compared to that of standard transfection of Cas9 and sgRNA expression plasmids. Figure 30(B)
shows the results of aT7 endonuclease | (T7El) assay to measure the modification of EGFP from
no treatment (lane 1), treatment with EGFP-targeting sgRNA alone (lane 2), Cas9 protein alone
(lane 3), Cas9 protein + VEGF-targeting sgRNA + RNAIMAX (lane 4), DNA transfection of
plasmids expressing Cas9 and EGFP-targeting sgRNA (lane 5), or Cas9 protein + EGFP-
targeting sgRNA + RNAIMAX (lane 6). Indel efficiencies calculated by densitometry are shown
below the gel image. Figure 30(C) presents the results of a T7EIl assay of genome modification at
EGFP and three endogenous genes with a single delivery of Cas9 complexed with four sgRNAs
and RNAIMAX. T7El assay of simultaneous genome modification a EGFP and three
endogenous genes in U20S cells 48 hours after asingle treatment of 100 nM Cas9 protein, 25
nM of each of the four sgRNAs shown (100 nM total sgRNA), and 0.8 uLL. RNAIMAX. Indel
efficiencies calculated by densitometry are shown below the gel image. Figure 30(D) showsthe
delivery of Cas9 D10A nickase and pairs of SgRNAS either by plasmid transfection or by
RNAIMAX-mediated protein:RNA complex delivery. Delivery of Cas9 D10A nickase and pairs
of sgRNAs either by plasmid transfection or by RNAIMAX-mediated protein:sgRNA complex
delivery under conditions described in Figure 30(A) with 50 nM E GFP-disrupting sgRNAS (25
nM each) for protein delivery, and 250 ng sgRNA-expressing plasmids (125 ng each) for DNA
delivery. EGFP-disrupting sgRNAs GFP gl + GFP g5, or GFP g3 + GFP g7, are expected to
result in gene disruption, while GFP g5 + GFP g7 target the same strand and are therefore
expected to be non-functional. Figure 30(E) showsthe delivery of catalytically dead (dCas9)-
VP64 transcriptional activators that target NTF3 either by plasmid transfection or RNAIMAX-
mediated protein delivery. Delivery of both VEGF g3 and VEGF g5 sgRNAS served as a
negative control for NTF3 gene activation. Error bars reflect the standard deviation from six
biological replicates performed on different days.
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[0092] Figure 31A-D. The DNA sequence specificity of Cas9-mediated endogenous gene
cleavage in cultured human cells by plasmid transfection or by cationic lipid-mediated
protein:sgRNA delivery is shown. In Figure 31(A), a T7EIl assay was performed for on-target
modification of endogenous CLTA, EMX, and VEGF genes. In Figure 31(B-D) the on-
targetoff-target  DNA modification ratio resulting from Cas9:sgRNA for plasmid transfection or
cationic lipid-mediated protein:sgRNA delivery is shown. The conditions for each treatment
were adjusted to result in -10% on-target cleavage, enabling a comparison of DNA cleavage
specificity between the two delivery methods under conditions in which on-target gene
modification efficiencies are comparable. P values are listed in Table 2. Each on- and off-target
sample was sequenced once with > 10,000 sequences analyzed per on-target sample and an
average of > 111,000 sequences analyzed per off-target sample (Table 2). All protein:sgRNA
deliveries and plasmid transfections were performed in 24-well format using 1.6 uL. RNAIMAX
in 550 uL. DMEM-FBS without antibiotics.

[0093] Figures 32A-D. The in vivo delivery of Cre recombinase and Cas9:sgRNA
complexes to hair cellsin the mouse inner ear is shown. In Figure 32(A), the scala media
(cochlear duct) of PO floxP-tdTomato mice (n = 4) were injected with 0.3 pL of 23 uM (-
30)GFP-Cre in 50% RNAIMAX or with RNAIMAX aone (control). After 5 days, tdTomato
expression indicative of Cre-mediated recombination was visualized using immunohistology.
Red = tdTomato; green = Myo7a;, white = Sox2; blue = DAPI. Yellow brackets indicate the outer
hair cell (OHC) layer. Figure 32(B) shows that, ten days after (-30)GFP-Cre delivery, intact
espin (Esp)-expressing stereocilia of tdTomato-positive outer hair cells were present (arrow),
similar to stereocilia in control cochlea. Red = tdTomato; green = Esp; white = Sox2; blue =
DAPI. Figure 32(C) isidentical to Figure 32(A) except using Lipofectamine 2000 instead of
RNAIMAX. (n=4). The upper and lower panels are images of mice cochlea at low and high
magnification, respectively, detailing the efficiency of delivery aswell asthe effect on cochlear
architecture and hair cell loss. Figure 32(D) shows the results when the scala media (cochlear
duct) of P2 Atohl-GFP mice (n = 3) were injected with 0.3 pL of 33 uM Cas9, 33 uM sgRNA in
50% RNAIMAX, 16.5 uM EGFP sgRNA in 50% RNAIMAX or Lipofectamine 2000. Cas9-
mediated gene disruption results in the loss of GFP expression when visualized 10 days later.
The upper panels show GFP signal only, while lower panels include additional

immunohistological markers. Yellow boxes in the lower panels highlight hair cells that have lost
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GFP expression. Red = tdTomato; green = Myo7a; white/light blue = Sox2; blue = DAPI. All
scale bars, shown in white, are 10 unt.

[0094] Figure 33A-F. Optimization of cationic lipid-mediated delivery of Cre
recombinase and comparison to delivery using (+36)GFP-Cre and plasmid transfection. Figure
33(A) shows the optimization of (-30)GFP-Cre delivery in BSR-TdTomato cells, a second
reporter cell line used for measuring Cre recombination efficiency. Figure 33(B) demonstrates
the effect of RNAIMAX dosage on (-30)GFP-Cre recombination efficiency in HeLa dsRed
reporter cells and toxicity as measured by FACS. Hel a cells were sorted by forward-scatter and
side-scatter gating to identify live cells that retained normal morphology. Figure 33(C) illustrates
the relationship between net charge of the protein fused to Cre recombinase and cationic lipid-
mediated functional Cre delivery efficiency. Cre recombinase fused to the domains listed a 25
nM were combined with 15 uL. RNAIMAX and incubated with HelLa dsRed reporter cells. After
2 days, recombination efficiency was measured by FACS. Figure 33(D) shows the optimization
of Cre expression plasmid transfection in HeLa DsRed reporter cells by varying both plasmid
dose and Lipofectamine 2000 dose and measuring the presence of DsRed fluorescent cells 48
hours after transfection by flow cytometry. Based on these results, 500 ng of Cre expression
plasmid was chosen for 48-well format experiments using 275 uL. of DMEM-FBS without
antibiotics. Figure 33(E) demonstrates the effect of RNAIMAX dosage on (-30)GFP-Cre
recombination efficiency in Hel.a dsRed reporter cells and corresponding toxicity as measured
by flow cytometry using the TO-PRO-3 live/dead stain (Life Technologies). Figure 33(F) shows
the effect of Lipofectamine 2000 dosage on transfected Cre plasmid DsRed recombination
efficiency and corresponding toxicity as measured by flow cytometry using the TO-PRO-3
live/dead stain. Error bars reflect the standard deviation from three biological replicates
performed on different days.

[0095] Figures 34A-D. Protein uptake by cationic lipid-mediated delivery versus
superpositively charged cationic protein delivery. Figure 34(A) quantifies GFP fluorescence
from cells treated with either (-30)GFP-Cre and RNAIMAX or (+36)GFP-Cre after washing
cellswith PBS + heparin (20 U/mL) to remove unbound protein. Figure 34(B) showsthe
functional Cre recombinase delivery efficiency of (-30)GFP-Cre + 1.5 pi. RNAIMAX relative to
Cre recombinase delivery efficiency arising from fusion with (+36)GFP. Figure 34(C) provides a
comparison of mCherry uptake by (-30)GFP-fusion + 1.5 uM RNAIMAX treatment versus
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(+36)GFP fusion by measuring mean mCherry fluorescence of total cell population 48 hours
after treatment and washing cells with PBS + heparin. Figure 34(D) showsthe total cellular GFP
fluorescence of (-30)GFP-Cre or (+36)GFP-Cre in the presence or absence of RNAIMAX. Data
shown reflect asingle biological replicate.

[0096] Figure 35. Delivery optimization of TALE activators designed to target the NTF3
gene. HEK293T cells were treated with either NTF3 TALE plasmid by transfection of by
liposomal delivery of NTF3 TALE proteins. Cells were harvested after empirically determined
optimal incubation time for both treatments and analyzed by gRT-PCR for mRNA levels of
NTF3. Optimal protein (25-50 nM) and lipid dosage (1.5 uL. RNAIMAX) was chosen for
comparison of two delivery techniques in Figure 29B. All protein-delivery and transfection
experiments were performed in a48-well plate with 275 yL. DMEM-FBS without antibiotics.
Error bars reflect the standard deviation from six biological replicates performed on different
days.

[0097] Figures 36A-D. Determination of gene disruption frequency of an EGFP reporter
gene by delivery of Cas9:sgRNA and analyzing by flow cytometry. Figure 36(A) provides a
schematic of EGFP disruption in U20S cells by NHEJ induced by Cas9 double-stranded breaks.
Figure 36(B) shows the delivery of EGFP-targeting sgRNA or an off-target SJRNA complexed
with (-30)dGFP-Cas9 using RNAIMAX along with aplasmid transfection positive control
(orange). Figure 36(C) provides confirmation that disruption of EGFP fluorescence isnot aresult
of cellular toxicity by treating samples with the TO-PRO-3 live/dead stain (Life Technologies,
Carlsbad CA) and analyzing the resulting cells by flow cytometry. Figure 36(D) showstesting of
the TO-PRO-3 stain by addition of a cell permeabilizing, but not completely membrane lysing,
detergent (0.5% Tween).

[0098] Figures 37A-D. Optimization of Cas9: sgRNA functiona delivery. In Figure
37(A), cationic lipid-mediated delivery efficiency of two tested constructs shows that the more
anionic (-30)dGFP-NLS-Cas9 facilitates more efficient delivery a low protein and sgRNA
concentrations compared with native Cas9. Figure 37(B) showsthe delivery optimization of (-
30)dGFP-NLS-Cas9 as afunction of protein and sgRNA concentration. Figure 37(C) shows the
delivery of Cas9 protein without any fusions or tags as a function of protein and sgRNA
concentration. Figure 37(D) provides the optimal sgRNA to protein ratio for RNAIMAX-
mediated delivery of (-30)dGFP-NLS-Cas9 and native Cas9. Error bars reflect standard
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deviation from three biological replicates performed on different days. All experiments were
performed in a48-well plate using avolume of 275 uL. DMEM-FBS without antibiotics and
EGFP gene disruption was measured by flow cytometry.

[0099] Figures 38A-F. Effect of an N- or C-terminal NLS, an N-terminal (-3 0)dGFP
fusion, or a C-terminal His-tag on functional Cas9 delivery as afunction of both sgRNA and
Cas9 concentration. EGFP gene disruption was measured at three fixed sgRNA concentrations:
10 nM (Figure 38(A)), 25 nM (Figure 38(B)), and 50 nM (Figure 38(C)), along with varying
protein concentrations show in the graphs. EGFP gene disruption in U20S EGFP reporter cell
line was measured a three additional fixed sgRNA concentrations. (Figure 38(D)) 5nM, (Figure
38(E)) 12.5 nM, and (Figure 38(F)) 25 nM, along with varying protein concentrations show in
the graphs. Delivery was performed using 0.8 uLL RNAIMAX in 48-well format using 275 uL
DMEM-FBS without antibiotics and assayed by FACS 48 hours later for loss of EGFP
fluorescence signal. Error bars (Figures 38(D-F)) reflect standard deviation from three biological
replicates performed on different days.

[00100] Figures 39A-D. Effects of RNAIMAX and Lipofectamine 2000 on Cas9:sgRNA
delivery efficiency and cellular toxicity. In Figure 39(A), EGFP gene disruption at different
Cas9 protein concentrations and a constant dose of 100 nM EGFP sgRNA in U20S EGFP
reporter cellstreated for 16 hours with either 0.8 uLL of RNAIMAX or 0.8 pi. Lipofectamine
2000. After 16 hours, media was removed and fresh media was added to cells until end point of
assay 48-72 hours post protein delivery treatment. The live cell population was determined by
FACS using TO-PRO-3 Live/Dead stain. Figure 39(B) shows the toxicity profile for
Cas9:sgRNA delivery to U20S cells as a function of Lipofectamine 2000 dose. Figure 39(C)
provides the toxicity profile for cells as afunction of RNAIMAX dose. Figure 39(D) shows the
cellular toxicity for abroad range of Cas9:sgRNA treatments using 1:1 protein:sgRNA delivery
conditions at optimal doses of RNAIMAX or Lipofectamine 2000 by TO-PRO-3 live/dead stain
and flow cytometry. Dose of RNAIMAX and Lipofectamine 2000 were both 0.8 pL in avolume
of 275 pi. in a48-well plate format. Error bars reflect standard deviation from three biological
replicates performed on different days.

[00101] Figures 40A-B. Optimization of dCas9-VP64 delivery targeting the NTF3 gene at
varying concentrations of protein and sgRNA. Figure 40(A) shows HEK293T cells treated with
dCas9-VP64 activator and either NZFJ-targeting gRNA g2 or amixture of al six NTF3-
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targeting sgRNAs for 16 hours and 0.8 uLL. RNAIMAX in 48-well plate format (275 uL fina
volume). NTF3 mRNA levels were determined by gRT-PCR and normalized to those of
GAPDH. Total sgRNA concentrations are listed (each sgRNA ispresent a one-sixth of the listed
total concentration). Figure 40(B) shows the time course for NTF3 gene activation by
protein:sgRNA delivery and plasmid transfection. NTF3 mRNA levels were measured at several
time points using al six sgRNAs either from expression plasmids (in the case of the dCas9-V P64
activator plasmid transfection treatment), or asin vitro transcribed sgRNAs complexed with 100
nM dCas9-V P64 activator and cationic lipids (in the case of protein:sgRNA delivery). Error bars
reflect standard deviation from six biological replicates performed on different days.

[00102] Figures 41A-C. Indel frequencies, measured by high-throughput sequencing, of
several human genes treated either by amock treatment, by transfection of Cas9 plasmid and
sgRNA linear DNA PCR product, or by cationic lipid-mediated protein:sgRNA delivery are
depicted. Mock treatment involved cationic lipid-mediated protein:sgRNA delivery of EGFP-
targeting sgRNA instead of one of the three human gene-targeting sgRNAs. Figure 41(A) shows
the on-target and off-target indel frequencies for the CLTA gene. Figure 41(B) provides the on-
target and off-target indel frequencies for the EMX gene. Figure 41(C) demonstrates the on-target
and off-target indel frequencies for the VEGF gene. Each on- and off-target sample was
sequenced once with > 10,000 sequences analyzed per on-target sample and an average of

> 111,000 sequences analyzed per off-target sample (Table 2). Error bars reflect standard
deviation from three biological replicates performed on different days.

[00103] Figures 42A-C. Delivery of Cas9 endonuclease to mouse embryonic stem cells.
Figure 42(A) shows floating spheres treated with 100 nM Cas9 protein and 0.8 uL. RNAIMAX
but no sgRNA (control) retained strong GFP fluorescence (right), while those treated with 100
nM Cas9:sgRNA and 0.8 L. RNAIMAX exhibited decreased GFP fluorescence (left). Scale bars
are 100 win. Figure 42(B) shows the control progenitor cells after cell attachment, and virtually
all the control progenitor cells were GFP positive (right panels). Cas9: sgRNA treatment led to
significant reduction in GFP expression (left panels) and many progenitor cells showed complete
GFP knockdown (arrows) after cell attachment. Scale bars are 20 uin. Figure 42(C) shows a
T7EI assay on stem cells harvested after imaging confirm cleavage of GFP reporter. Similar gene
target modification efficiencies were observed from cationic lipid-mediated Cas9:sgRNA
delivery (24%) and from co-transfection of Cas9 and EGFP sgRNA plasmids (20%).
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[00104] Figures 43A-B. Genome modification induced by cationic lipid-mediated protein
delivery of Cas9 nuclease and sgRNA a endogenous loci in vivo. Approximately 10 days after
injection of Cas9:sgRNA protein into Atohl-GFP mice under identical conditions described in
Figure 32(D), -15 mg of mouse hair cell tissue was dissected. 150 ng of isolated genomic DNA
was prepared for high-throughput sequencing. Figure 43(A) shows representative examples of
genomic DNA sequences a the EGFP on-target locus that are modified following cationic lipid-
mediated delivery of Cas9 and EGFP sgRNA in mouse hair cells. For each example shown, the
unmodified genomic site isthe first sequence, followed by the most abundant eight sequences
containing deletions and three sequences containing insertions. The numbers before each
sequence indicate sequencing counts. The sgRNA target sites are bold. Insertions and deletions
are shown. PAM site is shown aswell. Figure 43(B) shows an identical analysis asin Figure
42(A) for EMX on-target site in mouse hair cells. Indels shown here for both the EGFP and EMX
genomic loci are from a single biological replicate chosen from arepresentative set of sequenced
samples all showing similar indel profiles. The sequences shown in Figure 43(A), fromtop to
bottom, correspond to SEQ ID NOs:223-236; and the sequences shown in Figure 43(B), from top
to bottom, correspond to SEQ ID NOs:237-250.

[00105] Figures 44A-B. Optimization of Cas9 plasmid transfection conditions and
measurement of cellular toxicity at different doses of Lipofectamine 2000 is depicted. Figure
44(A) shows the optimization of transfection efficiency for Cas9 expression plasmid in U20S
EGFP reporter cell line was performed by varying both the amount of Cas9 plasmid and the dose
of Lipofectamine 2000. Input sgRNA expression plasmid was held constant a 250 ng input
DNA for al treatments. All treatments were performed in a48-well plate with 275 uyL. DMEM-
FBS without antibiotics. After 48 hours, cells were assayed for loss of EGFP by flow cytometry.
Figure 44(B) measures the toxicity of various Cas9 plasmid/Lipofectamine 2000 transfection
conditions after 48 hours using TO-PRO-3 live/dead stain and quantifying cellular toxicity by
flow cytometry. From Figure 44(A) and Figure 44(B) a Cas9 plasmid dose of 750 ng and a
Lipofectamine 2000 dose of 0.8 uL. were chosen as plasmid transfection conditions that resulted
in maximal gene disruption for the remaining studies in thiswork. For Figure 44(A) and Figure
44(B), error bars reflect standard deviation from three biological replicates performed on
different days.
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[00106] Figures 45A-C. Optimization and comparison of homology-directed repair
(HDR) efficiency for Cas9:sgRNA delivery by cationic lipids and plasmid transfection is shown.
Figure 45(A) shows Cas9:sgRNA protein delivery optimization of HDR efficiency in areporter
cell linethat expresses EGFP upon repair of a disrupted EGFP reporter genes” using cationic
lipid-mediated protein delivery, a2:1 ratio of T2 sgRNA:Cas9 protein, 1uL Lipofectamine
2000, and variable amounts of sSODN donor template (see materials and methods bel ow)
performed as a single treatment. Figure 45(B) shows optimization of plasmid transfection-
mediated HDR using 700 ng Cas9 plasmid and 250 ng sgRNA plasmid with variable doses of
Lipofectamine 2000 and ssODN donor template. Figure 45(C) HDR efficiency comparison of
cationic lipid-mediated protein:sgRNA delivery and plasmid DNA transfection a optimized
conditions for both techniques using on-target (T2) and non-target (VEGF) sgRNAS. For Figure
45(B-C), error bars reflect standard deviation of three independent biological replicates
performed on different days.

[00107] Figures 46A-F. Concentration dependence of on-target and off-target indel
modification frequencies for Cas9 plasmid transfection or lipid-mediated protein:sgRNA
delivery is shown. Figure 46(A) shows Indel modification frequencies measured by high-
throughput sequencing for VEGF on- and off-target sites at varying doses of Cas9:sgRNA.
Figure 46(B) shows on-target:off-target specificity ratio a different Cas9:sgRNA concentrations.
Figure 46(C) shows a comparison of on-target:off target specificity ratio for protein delivery and
plasmid transfection a VEGF off-target site #1 as a function of on-target indel modification
frequency at arange of modification frequencies for both treatments (~1% to ~40 % indel
modification frequency). Figures 46(D, E, F) show the same as Figure 46(C) for VEGF off-target
sites #2, #3, and #4. Each on- and off-target sample was sequenced once with >10,000 sequences
analyzed per on-target sample and an average of > 111,000 sequences analyzed per off-target
sample. All data shown were from a single biological replicate.

[00108] Figure 47. A time course of Cas9 nuclease activity from protein:sgRNA delivery
and plasmid transfection is shown. U20S EGFP reporter cells were treated with either 50 nM
Cas9 protein and 50 nM sgRNA and 0.8 pL Lipofectamine 2000 in 275 uL. DMEM-FBS without
antibiotics, or transfected with 750 ng Cas9 expression plasmid and 250 ng EGFP sgRNA
expression plasmid for 2 hours. Media was either removed and samples collected after another 2
hours, or replaced with fresh DMEM-FBS without delivery agents and collected at later time
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points, as shown. Samples were analyzed for indels in the EGFP gene using a Surveyor T7E1
cleavage assay. Bands were quantified by ImageJ software. Error bars reflect standard deviation
from three biological replicates performed on different days.

[00109] Figures 48A-B. Quantification of Cas9 protein uptake into U20S EGFP reporter
cellsis shown. Figure 48(A) shows flow cytometry plots showing Alexa647 fluorescence of cells
treated with 50 nM Alexab47-conjugated Cas9 and 50 nM EGFP sgRNA, or of untreated cells.
Figure 48(B) U20S EGFP reporter cells were treated with 50 nM Alexa647-conjugated Cas9
protein, 50 NnM EGFP sgRNA, and 0.8 uL of Lipofectamine 2000. After a4-hour incubation at
37 °C, cells were washed extensively with PBS containing 20 U/mL of heparin to remove
electrostatically-bound cationic lipid complexes, and then trypsinized. In aplate reader (Tecan
M 1000 Pro) with fluorescence excitation at 650 nm and emission a 665 nm, wells each
containing 10,000 Cas9-Alexab47-treated cells were measured for whole population
fluorescence. Standard curves were established by measuring the fluorescence of known
quantities of Cas9-Alexab47 in either DMEM containing 10% FBS, or in a suspension of
trypsinized U20S cells at 10,000 cells per well, with protein either diluted directly, or pre-
complexed with 0.8 uL. Lipofectamine 2000 then diluted. A two-fold serial dilution starting from
50 pmol to 0.048 pmols was performed to generate the standard curve samples. Values for 0.048
pmol to 3.125 pmol are shown. The intersection of the dotted black lines shows the measured
total Alexab47 fluorescence of 10,000 cells treated with 50 nM Alexab47-conjugated Cas9 and
50 nM EGFP sgRNA and washed as described above. 50 nM Cas9-Alexab47-treated cells
showed atotal cell-associated Alexab47-labeled protein signal of 0.5 pmol per well. This
quantity represents 4% of the input protein in the Cas9-Alexab47: sgRNA treatment, and
corresponds to (6.02x10 #*)*5.0x10 ~13 moles Cas9-Alexab47 / 10,000 cells per well = 3xI07
molecules of Cas9-Alexab47 per cell. Assuming atotal protein content per cell of roughly
7.9x10 9 molecules (estimate from Molecular Cell Biology, Section 1.2, 4th edition), internalized
Cas9-Alexab47 represented 0.4% of total cellular protein. All values shown are the average of
three technical replicates.

[00110] Figures 49 A-B. Generation of exemplary negatively charged protein complexes
comprising biotinylated proteins to be delivered. Figure 49A shows an exemplary embodiment,
in which abiotinylated protein to be delivered is complexed with an anionic carrier, eg., a

negatively charged fluorescent protein, such as -30GFP, an anionic naturally occurring protein,
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an anionic peptide, or a synthetic anionic polymer. The anionic carrier is conjugated to
streptavidin and contacted with the biotinylated protein to be delivered. Biotin can be linked to
the protein to be delivered in any suitable manner, for example, chemicaly, e.g., via click
chemistry, NHS ester, or maleimide, or enzymatically. The linkage of biotin to the protein to be
delivered and/or the linkage of streptavidin to the anionic carrier may be permanent or cleavable,
eg., by cellular proteases, esterases, or by areducing cellular environment. Figure 49B shows
an exemplary embodiment, in which abiotinylated protein to be delivered is complexed with an
anionic streptavidin variant, e.g., with anegatively supercharged streptavidin variant, such as, for
example, -40SAV. The anionic streptavidin variant is contacted with the biotinylated protein to
be delivered. Biotin can be linked to the protein to be delivered in any suitable manner, for
example, chemically, e.g., via click chemistry, NHS ester, or maleimide, or enzymatically. The
linkage of biotin to the protein to be delivered may be permanent or cleavable, e.g., by cellular
proteases, esterases, or by areducing cellular environment. The protein complexes illustrated in

Figure 49A-B can be contacted with a cationic polymer or acationic lipid for cellular delivery.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS OF THE INVENTION
[00117] The present invention provide complexes, compositions, preparations, Kits,
systems, and related methods for the delivery of proteins to cells using cationic polymers or
cationic lipids. The inventive concepts can be applied to the delivery of proteins that are charged
or uncharged, naturally occurring or engineered. Typically, the protein to be delivered is
introduced into the interior of acell, e.g., to cause ameasurable biological effect or
transformation in the cell. For example, in some embodiments, the biological effect comprises a
therapeutic benefit to a subject in which the cell isfound. The complexes, compositions,
preparations, systems, kits, and related methods for delivery of proteins are thus useful for
introducing proteins into a cell, e.g., in the context of manipulating the cell for a diagnostic,
research, or therapeutic purpose. The compositions, preparations, systems, kits, and related
methods for delivery of proteins provided herein exhibit improved efficacy and/or reduced
cytotoxicity, and ease of preparation as compared to current technologies. They are also widely
applicable to avariety of proteins. For example, the compositions, preparations, systems, kits,
and related methods for delivery of negatively charged proteins provided herein are applicable to

the exemplary proteins listed in any of Tables 3-6. The cationic polymer or cationic lipid-
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mediated delivery of proteins using the compositions, preparations, systems, kits, and related
methods provided herein allows for the manipulation/modification of the host cell in vitroor in
vivo while avoiding the use of more invasive delivery methods, such asviral delivery of vectors
encoding proteins to be delivered.

[00112] Some aspects of this disclosure provide compositions comprising aprotein to be
delivered and a cationic polymer or lipid. In some embodiments, the protein to be delivered is an
anionic protein, e.g., aprotein exhibiting anegative net charge. In some embodiments, the
protein to be delivered is associated with anucleic acid. For example, in some such
embodiments, the protein to be delivered is anucleic acid-binding protein. One exemplary
nucleic acid binding protein is Cas9 and its nucleic acid-binding variants. Other suitable nucleic
acid-binding proteins are provided herein or will be apparent to those of skill in the art based on
the present disclosure, which isnot limited in this respect. In some embodiments, the protein to
be delivered is associated with a supernegatively charged protein, wherein the net charge of the
protein to be delivered and the supernegatively charged protein is negative.

[00113] In some embodiments, the inventive technology uses a supercharged protein to
deliver aprotein into acell. In certain embodiments, the supercharged protein is an engineered
protein. In some embodiments, the supercharged protein isanaturally occurring supercharged
protein.

[00114] Some aspects of this invention are based on the recognition that negatively
charged proteins or protein complexes, for example, supernegatively charged proteins, naturally
occurring negatively charged proteins, proteins associated with nucleic acids, or fusion proteins
with anet negative charge, can be associated with cationic polymers or cationic lipids, and that
such protein:polymer or protein:lipid complexes are endocytosed by cells. Typicaly, proteins to
be delivered are effectively taken up by cells together with the cationic polymer or lipid, are able
to escape the cellular endosomes, and retain their biological function after cellular uptake.
[00115] In some embodiments, the protein to be delivered is anegatively charged protein,
for example, aprotein listed in any one of Tables 3-6. In some embodiments, the protein to be
delivered isafunctional effector protein {e.g., anuclease, transcriptional activator/repressor, a
recombinases, or a Cas9 protein, or variants or fusions thereof). In some embodiments, proteins
to be delivered are useful astherapeutic agents, diagnostic agents, or research tools. In some

embodiments, aprotein to be delivered, such as, for example, an enzyme, transcription factor, or
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binding protein, may betherapeutically active, e.g., in that it modulates or ameliorates aberrant
expression of a gene associated with a disease or disorder.

[00116] In some embodiments, methods are provided in which acell is contacted with an
inventive composition described herein to introduce the protein to be delivered into the cell. In
some embodiments, an inventive composition is administered to a subject in need thereof to
introduce aprotein to be delivered into a cell within the subject, e.g., into a cell associated with a
disease or disorder. Suitable cells and cell types and proteins for delivery according to some
aspects of this disclosure are listed herein and include, but are not limited to, human cells,
mammalian cells, T-cells, neurons, stem cells, progenitor cells, blood cells, fibroblasts, epithelial
cells, neoplastic cells, and tumor cells. Additional suitable cells, cell types, and proteins will be

apparent to those of skill in the art, and the disclosure isnot limited in this respect.

Delivery d negatively chargedproteins or protein complexes

[00117] Some aspects of this disclosure provide compositions for delivering proteins to
cells. In some embodiments, the protein to be delivered isitself negatively charged, or is
associated with anegatively charged molecule, such as anucleic acid molecule or anegatively
charged protein {e.g., asupernegatively charged protein with anet charge of less than -5, less
than -10, less than -20, lessthan -30, less than -40, less than -50, or less than -100), wherein the
resulting complex {e.g., the protein:nucleic acid complex or the protein:protein complex) exhibits
anet negative charge. Such negatively charged proteins or protein complexes can be contacted
with acationic polymer or acationic lipid, resulting in compositions that are effectively taken up
by cells via endocytosis. Accordingly, some aspects of this disclosure provide compositions
comprising aprotein to be delivered and a cationic polymer or cationic lipid.

[00118] In some embodiments, the protein to be delivered is negatively charged. In some
embodiments, the protein to be delivered is associated with anegatively charged molecule {e.g.,
anegatively charged molecule with anet charge of less than -5, less than -10, less than -20, less
than -30, less than -40, less than -50, or less than -100), for example, with anucleic acid or with
a supernegatively charged protein.

[00119] In some embodiments, the protein to be delivered is anaturally occurring
negatively charged protein, or anegatively charged fragment thereof. In some embodiments, the
protein to be delivered is a supernegatively charged protein or anegatively charged fragment
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thereof. In some embodiments, the fragment comprises a sequence of a least 10, a least 20, at
least 30, at least 40, at least 50, at least 75, or at least 100 consecutive amino acids.

[00120] In some embodiments, in which the protein to be delivered is associated with a
nucleic acid or with anegatively charged protein, the protein to be delivered isnot negatively
charged. In some such embodiments, the combined net charge of the protein to be delivered and
of the nucleic acid isnegative. In some embodiments, the combined net charge of the protein to
be delivered and the associated supernegatively charged protein isnegative. In some
embodiments, the protein to be delivered is fused to a supernegatively charged protein thus
forming afusion protein.

[00121] In some embodiments, the net charge of the protein to be delivered, or the
combined net charge of the protein to be delivered and the nucleic acid associated with the
protein to be delivered, or the combined net charge of the protein to be delivered and the
supernegatively charged protein associated with the protein to be delivered is less than -10, less
than -20, less than -30, less than -40, less than -50, less than -60, less than -70, less than -80, less
than -90, less than -100, less than - 110, less than -120, less than -130, less than -140, less than -
150, less than -160, less than -170, less than -180, less than -190, less than -200, less than -250,
less than -300, or less than -400.

[00122] In some embodiments, the charge:molecular weight ratio of the protein to be
delivered, or the combined charge:molecular weight ratio of the protein to be delivered and the
nucleic acid associated with the protein to be delivered, or the combined charge:molecular
weight ratio of the protein to be delivered and the supernegatively charged protein associated
with the protein to be delivered isless than -0.03, less than -0.04, less than -0.05, less than -0.06,
less than -0.07, less than -0.08, less than -0.09, less than -0.1, less than -0.2, less than -0.3, less
than -0.4, less than -0.5, less than -0.6, less than -0.7, less than -0.8, less than -0.9, less than -1,
lessthan -1.1, lessthan -1.2, lessthan -1.3, lessthan -1.4, lessthan -1.5, less than -1.6, less than -
1.7, lessthan -1.8, lessthan -1.9, lessthan -2, lessthan -2.1, lessthan -2.2, less than -2.3, less
than -2.4, lessthan -2.5, less than -2.6, less than -2.7, less than -2.8, less than -2.9, less than -3,
less than -3.1, lessthan -3.2, less than -3.3, less than -3.4, less than -3.5, less than -3.6, less than -
3.7, less than -3.8, less than -3.9, or less than -4.

[00123] In some embodiments, the protein to be delivered isaprotein listed in Table 3. In

some embodiments, the protein to be delivered isimplicated in adisease or disorder. In some
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embodiments, the protein to be delivered islisted in any of Tables 4, 5, and 6. In some
embodiments, the protein to be delivered is atumor suppressor. In some embodiments, the
protein to be delivered islisted in Table 6. In some embodiments, the protein to be delivered is
Sirtl (-59, 86 kDa), PPARg (-13, 54 kDa), PRDM 16 (-23, 140 kDa), PGCla (-15, 91kDa),
TP53BP1 (-148, 213 kDa), Utrophin (-142, 394 kDa), Dystrophin (-89, 426 kDa), Bik (net
charge -17, 18 kDa), IkBa (-29, 35 kDa), Von Hippel-Lindau disease tumor suppressor (-18, 24
kDa), an E3 ubiquitin ligase, or ametal-binding protein.

[00124] In some embodiments, the supemegatively charged protein associated with the
protein to be delivered comprises a 3XFLAG sequence, aV P64 sequence, or a supemegatively
charged fluorescent protein or streptavidin. In some embodiments, the supemegatively charged
protein comprises -7 GFP or -20GFP, or anegatively charged fragment thereof. In some
embodiments, the fragment comprises a sequence of at least 10, a least 20, at least 30, a least
40, at least 50, a least 75, or at least 100 consecutive amino acids.

[00125] In some embodiments, the protein to be delivered is associated with biotin thus
forming abiotinylated version of the protein to be delivered. In some embodiments, the protein
to be delivered is associated to the biotin via alinker. In some embodiments, the linker comprises
a covalent bond generated via click chemistry, NHS ester chemistry, or maleimide chemistry. In
some embodiments, the linker is a cleavable linker. In some embodiments, the linker is cleaved
by aprotease, an esterases, or by areducing environment. In some embodiments, the linker is
cleaved by an enzyme present in endosomes or under conditions present in endosomes. In some
embodiments, the biotinylated protein to be delivered is associated with the supemegatively
charged protein via non-covalent interaction. In some embodiments, the supemegatively charged
protein is a supemegatively charged avidin or avidin variant, or abiotin-binding fragment
thereof. In some embodiments, the supemegatively charged avidin or avidin variant isa
supemegatively charged streptavidin or abiotin-binding fragment thereof. In some embodiments,
the supemegatively charged protein is fused to an avidin or avidin variant. In some
embodiments, the avidin or avidin variant is streptavidin, or abiotin-binding fragment thereof.
[00126] In some embodiments, the cationic polymer or the cationic lipid is suitable for
delivery of an agent bound by the polymer or lipid to acell. In some embodiments, the cationic
lipid is selected from the group consisting of Lipofectamine® 2000, Lipofectamine® 3000,
Lipofectamine® RNAIMAX, and Lipofectamine®LTX.
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[00127] In some embodiments, the composition exhibits low toxicity when administered
to apopulation of cells. In some embodiments, the at least 60%, at least 65%, at least 70%>, at
least 75%, at |least 80%, at least 85%, a least 90%, at least 95%, or at least 99% of the cells are
viable 24 hours after administration of an amount of the composition effective for delivery of the
protein to be delivered into at least 1%, at least 2%, at least 5%, at least 10%, at least 20%, at
least 25%, at least 30%, or at least 50% of the cells.

[00128] In some embodiments, the composition is a pharmaceutical composition.

Some aspects of this disclosure provide compositions comprising () aprotein to be delivered;
and (b) anegatively charged molecule conjugated to the protein to be delivered resulting in a
complex that isnegatively charged. In some embodiments, the negatively charged molecule isa
nucleic acid. In some embodiments, the negatively charged molecule is anegatively charged
protein. In some embodiments, the negatively charged protein is a supernegatively charged
protein, e.g., asupernegatively charged protein provided herein or otherwise known to those of
skill inthe art. In some embodiments, the supernegatively charged protein is a supernegatively
charged fluorescent protein or a supernegatively charged streptavidin.

[00129] Some aspects of this disclosure provide methods for delivering aprotein to be
delivered to a cell, comprising contacting the cell with a composition provided herein. In some
embodiments, the contacting isin vitro. In some embodiments, the contacting isin vivo.

[00130] Some aspects of this disclosure provide kits comprising a composition as

provided herein or kits for carrying out adelivery method as provided herein.

Supercharged Proteins

[00131] Supercharged proteins for use in the present invention can be produced by
changing non-conserved amino acids on the surface of aprotein to more polar or charged amino
acid residues. In certain embodiments, non-conserved amino acids on the surface of the protein
are mutated into amino acids that are positively charged at physiologica pH (pH ~7.4). The
amino acid residues to be modified may be hydrophobic, hydrophilic, charged, or a combination
thereof. Supercharged proteins can also be produced by the attachment of charged moieties to
the protein in order to supercharge the protein. Supercharged proteins frequently areresistant to

aggregation, have an increased ability to refold, resist improper folding, have improved
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solubility, and are generally more stable under awide range of conditions, including denaturing
conditions such as heat or the presence of a detergent.

[00132] Supercharged proteins suitable for use according to aspects of this disclosure are
known in the art and include, without limitation, those supercharged proteins disclosed in
international PCT patent application, PCT/US07/70254, filed June 1, 2007, published as WO
2007/143574 on December 13, 2007; in international PCT application, PCT/US09/041984, filed
on April 28, 2009, published as WO 2009/134808 on November 5, 2009; and in international
PCT application, PCT/USIO/001250, filed on April 28, 2010, published as WO 2010/129023 on
November 11, 2010; the entire contents of each of which are incorporated herein by reference.

In some embodiments, the supercharged protein is an engineered supercharged protein. In some
embodiments, the supercharged protein is anaturally occurring supercharged protein, e.g., a
naturally supercharged protein disclosed in international PCT application, PCT/USIO/001250,
filed on April 28, 2010, published as WO 2010/129023 on November 11, 2010; each of which is
incorporated herein by reference. 1n some embodiments, the supercharged protein, engineered or
naturally occurring, exhibits a charge:molecular weight ratio of greater than 0.8, e.g., >0.85,
>0.9, >0.95, >1, >1.1, >1.2, >1.3, >1.4, >1.5, >1.6, >1.7, >1.8, >1.9, >2, >2.5, >3, >4, >5, >6, >7,
>8, or >10.

[00133] The supercharged protein employed may be derived from any species of plant,
animal, and/or microorganism. In certain embodiments, the supercharged protein isa
mammalian protein. In certain embodiments, the supercharged protein is ahuman protein. In
certain embodiments, the protein is derived from an organism typically used in research. For
example, the protein to be modified may be from aprimate {e.g., ape, monkey), rodent {e.g.,
rabbit, hamster, gerbil), pig, dog, cat, fish {e.g., Danio rerio), nematode {e.g., C. elegans), yeast
{e.g., Saccharomyces cerevisiae), or bacteria {e.g., E. coli). In certain embodiments, the protein
isnon-immunogenic. In certain embodiments, the protein isnon-antigenic. In certain
embodiments, the protein does not have inherent biological activity or has been modified to have
no biological activity. In certain embodiments, the protein is chosen based on its targeting
ability. In certain embodiments, the protein is a green fluorescent protein. In some
embodiments, the supercharged protein is supercharged glutathione S-transferase (GST). In
some embodiments, the supercharged protein is supercharged streptavidin.
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[00134] In some embodiments, a supercharged protein isused that has been modified to
increase the overall net charge, or to increase the total number of charged residues on the protein
surface. In certain embodiments, the theoretical net charge of the supercharged protein is
increased by at least +1, at least +2, & least +3, a least +4, at least +5, at least +10, at least +15,
a least +20, at least +25, at least +30, at least +35, or at least +40 as compared to the unmodified
protein. In certain embodiments, the theoretical net charge of the supercharged protein is at least
+1, a least +2, at least +3, at least +4, at least +5, at least +10, at least +15, at least +20, at least
+25, a least +30, at least +35, or at least +40 at physiological pH (i.e., -7.4).

[00135] In other embodiments, for example those involving use of cationic lipids and/or
cationic polymers, a supercharged protein isused that has been modified to decrease the overall
net charge, or to decrease the total number of charged residues on the protein surface. In certain
embodiments, the theoretical net charge of the supercharged protein is decreased ("minus’ or
"negative’ represented by '-') by at least -1, at least -2, at least -3, a least -4, at least -5, a least
-10, at least -15, at least -20, at least -25, at least -30, at least -35, & least -40, at least -45, or a
least -50 as compared to the unmodified protein. In certain embodiments, the theoretical net
charge of the supercharged protein isat least -1, at least -2, at least -3, a least -4, at least -5, at
least -10, at least -15, at least -20, at least -25, a least -30, at least -35, at least -40, at least -45, or
a least -50.

[00136] While some exemplary supercharged proteins are described herein in order to
exemplify the inventive technology, the disclosure isnot limited in this respect. Those of skill in
the art will be able to ascertain additional suitable supercharged proteins for delivering functional
effector proteins to cells based on the instant disclosure. A number of naturally occurring
proteins may be modified to generate suitable supercharged proteins. The desired modifications
in such proteins may be accomplished using any techniques known in the art. Recombinant
DNA techniques for introducing such changes in aprotein sequence are well known in the art.

In certain embodiments, the modifications are made by site-directed mutagenesis of the
polynucleotide encoding the protein. Other techniques for introducing mutations are discussed
in Molecular Cloning: A Laboratory Manual, 2nd Ed., ed. by Sambrook, Fritsch, and Maniatis
(Cold Spring Harbor Laboratory Press. 1989); the treatise, Methods in Enzymology (Academic
Press, Inc., N.Y.); Ausubel et a/., Current Protocols in Molecular Biology (John Wiley & Sons,

Inc., New York, 1999); each of which isincorporated herein by reference.
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[00137] Supercharged proteins may be further modified. Proteins including supercharged
proteins can be modified using techniques known to those of skill in the art. For example,
supercharged proteins may be modified chemically or biologicaly. One or more amino acids
may be added, deleted, or changed from the primary sequence. For example, apoly-histidine tag
or other tag may be added to the supercharged protein to aid in the purification of the protein.
Other peptides or proteins may be added onto the supercharged protein to ater the biological,
biochemical, and/or biophysical properties of the protein. For example, an endosomolytic
peptide may be added to the primary sequence of the supercharged protein, or atargeting
peptide, may be added to the primary sequence of the supercharged protein. Other modifications
of the supercharged protein include, but are not limited to, post-translational modifications (e.g.,
glycosylation, phosphorylation, acylation, lipidation, farnesylation, acetylation, proteolysis, etc.).
In certain embodiments, the supercharged protein ismodified to reduce its immunogenicity. In
certain embodiments, the supercharged protein is modified to enhance its ability to deliver a
functional effector protein (e.g., nucleases, transcriptional activators/repressors, recombinases,
Cas9 proteins including variants and fusions thereof, etc.) to acell. In certain embodiments, the
supercharged protein is conjugated to apolymer. For example, the protein may be PEGylated by
conjugating the protein to apolyethylene glycol (PEG) polymer. Other methods can be used to
produce supercharged proteins without modification of the protein sequence. For example,
moieties that alter the net charge can be attached to proteins (e.g., by chemical or enzymatic
reactions) to provide surface charge to achieve supercharging. In certain embodiments, the
method of modifying proteins described in Shaw et al., Protein Science 17:1446, 2008 is used to
supercharge aprotein that isused in the instantly disclosed inventive technology.

[00138] The design and creation of variants of several different supercharged proteins
suitable for use with the instantly disclosed technology is described in international PCT patent
application, PCT/US07/70254, filed June 1, 2007, published as WO 2007/143574 on December
13, 2007; in international PCT application, PCT/US09/041984, filed on April 28, 2009,
published as WO 2009/134808 on November 5, 2009; and in international PCT application
PCT/USIO/001250, filed on April 28, 2010, published as WO 2010/129023 on November 11,
2010; the entire contents of each of which are incorporated herein by reference. Some of the
disclosed supercharged proteins described therein have been shown to be more stable and to

retain their biological function, e.g., their fluorescence in the case of fluorescent proteins. For

52



WO 2016/070129 PCT/US2015/058479

example, a green fluorescent protein (GFP) from Aequorea victoria is described in GenBank
Accession Number P42212, incorporated herein by reference. The amino acid sequence of this

wild type GFP is as follows:

MBKGEELFTGWPI L VEL DGDVNGHKFSVSGEGEGDATYGKL TLKFI CTTGKLPVPWPTLVTTFSYGVQCFSRYPDH
MKQHDFFKSAMPEGYVQERTI FFKDDGNYKTRAEVKFEGDTLVNRI ELKG DFKEDGNI LGHKLEYNYNSHNVY! VA
DKQKNG KVNFKI RHNI EDGSVQLADHYQONTP! GDGPVL L PDNHYL STQSAL SKDPNEKRDHWLLEFVTAAG TH
GVDELYK (SEQ ID NO 14)

[00139] Wild type GFP has atheoretical net charge of -7. Variants with atheoretical net
charge of -29, -30, -25, +15, +25, +36, +48, and +49 have been reported, e.g., in in international
PCT application PCT/USIO/001250, filed on April 28, 2010, published as WO 2010/129023 on
November 11, 2010, the entire contents of which are incorporated herein by reference. Even
after heating the +36 GFP to 95 °C, 100% of the variant protein is soluble and the protein retains
>70% of its fluorescence.

[00140] Some aspects of this disclosure are based on the discovery that +36 GFP
efficiently delivers functional effector proteins {e.g., nucleases, transcriptional
activators/repressors, recombinases, Cas9 proteins including variants and fusions thereof, etc.) to
target cells, and that the effector proteins so delivered retain their biological function. Therefore,
GFP or other proteins with anet charge of at least +15, at least +25, at least +30, at least +35, or
at least +40 are thought to be particularly useful for introducing functional effector proteins into
acell.

[00141] In some embodiments, particularly useful supercharged proteins are proteins that
allow for a charge distribution or a surface charge density similar to that of +36 GFP. Further, in
some embodiments, particularly useful supercharged proteins are proteins exhibiting a stable
folded structure not easily perturbed by supercharging, thus allowing the supercharged protein to
bewell folded. In some embodiments, particularly useful supercharged proteins are proteins
sharing a structural feature with a supercharged protein described herein or in international PCT
patent application, PCT/US07/70254, filed June 1, 2007, published as WO 2007/143574 on
December 13, 2007; in international PCT application, PCT/US09/041984, filed on April 28,
2009, published as WO 2009/134808 on November 5, 2009; and in international PCT
application, PCT/USIO/001250, filed on April 28, 2010, published as WO 2010/129023 on
November 11, 2010; the entire contents of each of which are incorporated herein by reference;

for example, a globular structure, or a B-barrel structure. Protein folding, protein fold structure
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stability and perturbation of protein folding by substitution of specific amino acids with
differently charged amino acids, charge distribution, and surface charge density can be modeled
in silico by methods and algorithms provided herein and others known to those of skill in the art.
Accordingly, it will be apparent to those of skill in the art from no more than routine
experimentation, whether a supercharged protein in question will bewell folded. Thus, those of
skill in the art will be able to identify from a given amino acid sequence whether a given
supercharged protein will be useful for cellular delivery of afunctional effector protein
according to the technology described herein.

[00142] Some exemplary, suitable variants of GFP include, without limitation:

[00143] +15 GFP:

MGHHHHHHGGASKGERL FTGAPI L VEL DGDVNGHKFSVRCGEGECDATRGKLTLKFI CTTGKLPVPWPTLVTTLTYG
VQCFSRYPKHVKRHDFFKSAMPEGYVQERTI SFKKDGTYKTRAEVKFEGRTLVNRI ELKGRDFKEKGNI LGHKLEYN
FNSHNVYI TADKRKNG KANFKI RHNVKDGSVQLADHYQONTPI GRGPVLL PRNHYL STRSAL SKDPKEKRDHMVLL
EFVTAAG THGVDELYK  (SEQ ID NO 15)

[00144] +25 GFP:

MGHHHHHHGGASKGERL FTGAPI L VEL DGDVNGHKFSVRGKGKGDATRGKLTLKFI CTTGKLPVPWPTLVTTLTYG
VQCFSRYPKHVKRHDFFKSAMPKGYVQERTI SFKKDGTYKTRAEVKFEGRTLVNRI KLKGRDFKEKGNI LGHKLRYN
FNSHNVY! TADKRKNG KANFKI RHNVKDGSVQLADHYQONTPI GRGPVLLPRNHYL STRSAL SKDPKEKRDHMVLL
EFVTAAG THGVDELYK  (SEQ ID NO 16)

[00145] +36 GFP:

MGHHHHHHGGASKGERL FRGKVPI LVEL KGDVNGHKFSVRGKGKGDATRGKLTLKFI CTTGKLPVPWPTLVTTLTYG
VQCFSRYPKHVKRHDFFKSAMPKGYVQERTI SFKKDGKYKTRAEVKFEGRTLVNRI KLKGRDFKEKGNI LGHKLRYN
FNSHKVYI TADKRKNG KAKFKI RHNVKDGSVQLADHYQONTPI GRGPVLL PRNHYL STRSKL SKDPKEKRDHMVL L
EFVTAAGIKHGRDERYK (SEQ ID NO 17)

[00146] +42 GFP:

MGHHHHHHGGRSKGKRL FRGKVPI LVEL KGDVNGHKFSVRGKGKGDATRGKLTLKFI CTTGKLPVPWPTLVTTLTYG
VQCFSRYPKHVKRHDFFKSAMPKGYVQERTI SFKKDGKYKTRAEVKFEGRTLVNRI KLKGRDFKEKGNI LGHKLRYN
FNSHKVYI TADKRKNG KAKFKI RHNVKDGSVQLADHYQONTPI GRGPVLL PRKHYL STRSKL SKDPKEKRDHMVL L
EFVTAAGIKHGRKERYK (SEQ 1D NO 18)

[00147] +48 GFP:

MGHHHHHHGGRSKGKRL FRGKVPI L VKL KGDVNGHKF SVRGKGKGDATRGKL TLKFI CTTGKLPVPWPTLVTTLTYG
VQCFSRYPKHVKRHDFFKSAVPKGYVQERT| SFKKDGKYKTRAEVKFKGRTLVNRI KLKGRDFKEKGNI LGHKLRYN
FNSHKVY! TADKRKNG! KAKFKI RHNVKDGSVQLAKHYQQONTPI GRGPVL L PRKHYL STRSKL SKDPKEKRDHWL L
EFVTAAGTKHGRKERYK (SEQ 1D NO 19)

[00148] +49 GFP:

MGHHHHHHGGRSKGKRL FRGKVPI L VKL KGDVNGHKF SVRGKGKGDATRGKL TLKFI CTTGKLPVPWPTLVTTLTYG
VQCFSRYPKHVKRHDFFKSAVPKGYVQERT| SFKKDGKYKTRAEVKFKGRTLVNRI KLKGRDFKEKGNI LGHKLRYN
FNSHKVY! TADKRKNG! KAKFKI RHNVKDGSVQLAKHYQONTPI GRGPVL LPRKHYL STRSKL SKDPKEKRDHWLK
EFVTAAGTKHGRKERYK (SEQ 1D NO 20)
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[ 00149] -7 GFP:
MGHHHHHHGGASKGEEL FTGAP! L VEL DGDVNGHKFSVRGEGEGDATNGKL TLKFI CTTGKLPVPWPTLVTTLTYG

VQCFSRYPDHVKQHDFFKSAMVPEGYVQERT! SFKDDGTYKTRAEVKFEGDTLVNRI ELKG DFKEDGNI LGHKLEYN
FNSHNVY! TADKQKNG KANFKI RHNVEDGSVQLADHYQQNTP! GDGPVL L PDNHYL STQSAL SKDPNEKRDHWL L
EFVTAAG THGMDELYK  ( SEQ I D NO 275)

[ 00150] -25 GFP:
MGHHHHHHGGASKGEEL FTGAPI L VEL DGDVNGHEFSVRGEGEGDATEGEL TLKFI CTTGELPVPWPTLVTTLTYG
VQCFSRYPDHVKQHDFFKSAMVPEGYVQERT! SFKDDGTYKTRAEVKFEGDTLVNRI ELKG DFKEDGNI LGHKLEYN
FNSHDVY! TADKQENG KAEFEI RHNVEDGSVQLADHYQONTP! GDGPVL L PDDHYL STESAL SKDPNEDRDHWL L
EFVTAAG DHGVMDELYK  ( SEQ I D NO 276)

[ 00151] -29 GFP:
MGHHHHHHGGASKGEEL FDGEVPI L VEL DGDVNGHEFSVRGEGEGDATEGEL TLKFI CTTGELPVPWPTLVTTLTYG
VQCFSRYPDHVDQHDFFKSAVPEGYVQERT! SFKDDGTYKTRAEVKFEGDTLVNRI ELKG DFKEDGNI LGHKLEYN
FNSHDVY! TADKQENG KAEFEI RHNVEDGSVQLADHYQQNTP! GDGPVL L PDDHYL STESAL SKDPNEDRDHWL L
EFVTAAG DHGVMDELYK  ( SEQ I D NO 277)

[ 00152] (-)30 GFP:

MGHHHHHHGGASKGEEL FDGAPI L VEL DGDVNGHEFSVRGEGEGDATEGEL TLKFI CTTGELPVPWPTLVTTLTYG

VQCFSDYPDHVDQHDFFKSAMPEGYVQERT! SFKDDGTYKTRAEVKFEGDTLVNRI ELKG DFKEDGNI LGHKLEYN
FNSHDVY! TADKQENG KAEFEI RHNVEDGSVQLADHYQONTP! GDGPVL L PDDHYL STESAL SKDPNEDRDHWLL
EFVTAAG DHGVDELYK  (SEQ ID NO 21)

[00153] In some embodiments, a supercharged variant of streptavidin (SAV) isused for
delivery of aprotein to be delivered to atarget cell. Such variants retain the capability of wild-
type streptavidin to bind biotin. The amino acid sequence of wild-type streptavidin and of some
exemplary useful streptavidin variants are provided below. Wild type streptavidin has a
theoretical net charge of -4. The provided SAV variants with atheoretical net charge of -40 and

+52 are soluble and bind biotin.

[ 00154] Wld type SAV:

AAEAG TGTWYNQLGSTFI VTAGADGAL TGTYESAVGNAESRYVL TGRYDSAPATDGSGT AL GATVAVWKNNYRNAHS
ATTWEGQYVGGAEARI NTQALLTSGT TEANAVKSTL VGHDTFTKVKPSAAS (SEQ I D NO 278)

[ 00155] -40 SAV:

MEHHHHHHGGAEAG TGTWYNQLGSTFI VTAGADGAL TGTYESAVGDAESEYVL TGRYDSAPATDGSGT AL GAT VAW
KNDYENAHSATTWEGQYVGGAEARI NTQALL TSGTTEADAVKSTLVGHDTFTKVEPSAAS (SEQ I D NGO 279)
[ 00156] +52 SAV

MCEHHHHHHGGAKAG TGTWYNQLGSTFI VTAGAKGAL TGTYESAVANAKSRYVL TGRYDSAPATKGSGTALGATVA
WKNKYRNAHSAI TWSGQYVGGAKARI NTQALL TSGT TKAKAVKSTLVGHDTFTKVKPSAAS (SEQ I D NGO
280)
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[00157] Additional suitable supercharged proteins and protein variants will be apparent to
those of skill inthe art. It will also be apparent to the skilled artisan that some of the sequences
provided herein, e.g., some of the sequences provided immediately above, include an artificial
tag, e.g., an N-terminal His6 tag, and that sequences without such atag or with a different tag are
also suitable.

[00158] In order to promote the biological function of the functional effector protein {e.g.,
nucleases, transcriptional activators/repressors, recombinases, Cas9 proteins including variants
and fusions thereof, etc.) after delivery to acell, it may be desirable to enhance endosomal
escape of the functional effector protein after cellular uptake. A supercharged protein or a
functional effector protein may be fused to or associated with a protein, peptide, or other entity
known to enhance endosome degradation or lysis of the endosome. In certain embodiments, the
peptide is hemagglutinin 2 (HA2) peptide which isknown to enhance endosome degradation. In
certain particular embodiments, HA2 peptide is fused to supercharged GFP {e.g., +36 GFP). In
certain particular embodiments, the fused protein is of the sequence:

[00159] +36 GFP- HA2

MGHHHHHHGGASKGERL FRGKVPI L VEL KGDVNGHKF SVRGKGKGDATRGKL TLKFI CTTGKLPVPWPTLVTTLTYG
VQCFSRYPKHVKRHDFFKSAMPKGYVQERTI SFKKDGKYKTRAEVKFEGRTLVNRI KLKGRDFKEKGNI LGHKLRYN
FNSHKVYI TADKRKNG KAKFKI RHNVKDGSVQLADHYQONTPI GRGPVL L PRNHYL STRSKL SKDPKEKRDHWL L
EFVTAAG KHGRDERYKGSAGSAAGSGEFGLFGAI AGFI ENGNEGM DG (SEQ 1D NO 22)

[00160] In certain embodiments, the endosomolytic peptide is melittin peptide
(GIGAVLKVLTTGLP ALISWIKRKRQQ, SEQ ID NO: 23) (Meyer et al, JACS 130(1 1): 3272-
3273, 2008; which isincorporated herein by reference). In certain embodiments, the melittin
peptide ismodified by one, two, three, four, or five amino acid substitutions, deletions, and/or
additions. In certain embodiments, the melittin peptide is of the sequence:
CIGAVLKVLTTGLPALISWIKRKRQQ (SEQ ID NO:24). In certain particular embodiments,
the melittin peptide is fused to supercharged GFP {e.g., +36 GFP).

[00161] In certain embodiments, the endosomolytic peptide is penetratin peptide
(RQIKIWFQNRRMKWKK-amide, SEQ ID NO:25), bovine PrP (1-30) peptide
(MVKSKIGSWILVLFVAMWSDVGLCKKRPKP-amide, SEQ ID NO: 26), MPGA" peptide
(which lacks a functional nuclear localization sequence because of a K->S substitution)
(GALFLGWLGAAGSTMGAPKSKRKY, SEQ ID NO:27), TP- 10 peptide

(AGYLLGKINLKALAALAKKIL-amide, SEQ ID NO:28), and/or EB1 peptide
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(LIRLWSHLIHIWFQONRRLKWKKK-amide, SEQ ID NO:29) (Lundberg et al, 2007, FASEB J.
21:2664; incorporated herein by reference). In certain embodiments, the penetratin, PrP (1-30),
MPG, TP- 10, and/or EB1 peptide ismodified by one, two, three, four, or five amino acid
substitutions, deletions, and/or additions. In certain particular embodiments, the PrP (1-30),
MPG, TP- 10, and/or EB1 peptide is fused to supercharged GFP {e.g., +36 GFP). In some
embodiments, an Aurein peptide is fused to the supercharged protein.

[00162] Other peptides or proteins may aso be fused to the supercharged protein or to a
fusion protein comprising a supercharged protein and afunctional effector protein {e.g.,
nucleases, transcriptional activators/repressors, recombinases, Cas9 proteins including variants
and fusions thereof, etc.). For example, atargeting peptide may be fused to the supercharged
protein in order to selectively deliver afunctional effector protein to aparticular cell type.
Peptides or proteins that enhance cellular uptake of the functional effector protein may also be
used. In certain embodiments, the peptide fused to the supercharged protein is apeptide
hormone. In certain embodiments, the peptide fused to the supercharged protein is apeptide
ligand.

[00163] The exemplary supercharged proteins described in detail herein are not meant to
limit the disclosure, and one of skill in the art will appreciate that other supercharged proteins
may be used for the cellular delivery of functional effector proteins {e.g., nucleases,
transcriptional activators/repressors, recombinases, Cas9 proteins including variants and fusions
thereof, etc.), including, but not limited to, other GFP-style fluorescent proteins. In certain
embodiments, the supercharged protein is a supercharged version of blue fluorescent protein. In
certain embodiments, the supercharged protein is a supercharged version of cyan fluorescent
protein. In certain embodiments, the supercharged protein is a supercharged version of yellow
fluorescent protein. Exemplary suitable fluorescent proteins include, but are not limited to,
enhanced green fluorescent protein (EGFP), AcGFP, TurboGFP, Emerald, Azami Green,
ZsGreen, EBFP, Sapphire, T-Sapphire, ECFP, mCFP, Cerulean, CyPet, AmCyanl, Midori-Ishi
Cyan, mTFPI (Teal), enhanced yellow fluorescent protein (EY FP), Topaz, Venus, mCitrine,

Y Pet, PhiYFP, ZsYellowl, mBanana, Kusabira Orange, mOrange, dTomato, dTomato-Tandem,
DsRed, DsRed2, DsRed-Express (TI), DsRed-Monomer, mTangerine, mStrawberry, AsRed2,
mRFPI, JRed, mCherry, HcRedl, mRaspberry, HcRedl, HcRed-Tandem, mPlum, and AQ143.
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[00164] Y et other proteins that may be supercharged and used, e.g., in the delivery of
functional effector proteins as disclosed herein (e.g., hucleases, transcriptional
activators/repressors, recombinases, Cas9 proteins including variants and fusions thereof, etc.),
include histone components or histone-like proteins, high-mobility-group proteins (HMGs),
enzymes (e.g., amylases, pectinases, hydrolases, proteases, glucose isomerase, lipases, phytases,
alglucerase, imiglucerase, agalsidase beta, a-1-iduronidase, acid a-glucosidase, and iduronate-2-
sulfatase, N-acetylgal actosamine-4-sulfatase.

[00165] Charged polymers other than proteins may also be used to deliver functional
effector proteins. Additionally, as described in greater detail herein, cationic lipids and lipid-like
materials aswell as cationic polymers can also be used to deliver functional effector proteins.
Suitable cationic lipids, lipid-like materials and cationic polymers are disclosed herein and
additional suitable lipids and lipid-like materials are known to those of skill in the art (see, e.g.,
those described in Akinc et a/., Nature Biotechnology 26, 561 - 569 (2008), the entire contents of

which are incorporated herein by reference).

Delivery d functional effector proteins using supercharged proteins

[00166] The present invention provides systems and methods for the delivery of functional
effector proteins (e.g., nucleases, transcriptional activators/repressors, recombinases, Cas9
proteins including variants and fusions thereof, etc.) to cellsin vivo, e vivo, or in vitro. Such
systems and methods typically involve association of the functional effector protein with a
supercharged protein to form a complex or a fusion protein, and delivery of the complex or
fusion protein to acell. In some embodiments, the functional effector protein to be delivered by
the supercharged protein has therapeutic activity. In some embodiments, delivery of the
complex or fusion protein to a cell involves administering the complex or fusion protein
comprising a supercharged protein associated with a functional effector protein to a subject in
need thereof.

[00167] In some embodiments, afunctional effector protein (e.g., nucleases,
transcriptional activators/repressors, recombinases, Cas9 proteins including variants and fusions
thereof, etc.) by itself may not be able to enter acell, but is able to enter a cell when associated
with asupercharged protein, for example, via a covaent bond or anon-covalent interaction. In

some embodiments, a composition is provided that includes afunctional effector protein that is
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covalently bound to a supercharged protein. In some embodiments, the composition includes a
functional effector protein fused to a supercharged protein via apeptide bond, for example, via
direct fusion or via apeptide linker. In some embodiments, the composition includes a
functional effector protein that isbound to a supercharged protein by non-covalent interaction. In
some embodiments, a supercharged protein is utilized to allow afunctional effector protein to
enter acell. In some embodiments, the functiona effector protein delivered to the cell associated
with a supercharged protein is separated from the supercharged protein after delivery to the cell,
for example, by cleavage of alinker peptide by a cellular protease (e.g., an endosomal protease)
or by dissociation of the functional effector protein from the supercharged protein in a specific
cellular microenvironment, for example, in the endosome. In some embodiments, functional
effector proteins delivered to acell by a system or method provided by this disclosure have
therapeutic activity.

[00168] In some embodiments, a functional effector protein (e.g., nucleases,
transcriptional activators/repressors, recombinases, Cas9 proteins including variants and fusions
thereof, etc.) isdelivered to acell in vivo, ex vivo, or in vitro by a system, composition, or
method provided herein. In some embodiments, afunctional effector protein is aprotein ableto
carry out abiological function within the target cell, for example, an enzyme ableto bind its
substrate and to catalyze an enzymatic reaction in the target cell, e.g., anuclease able to bind and
cut anucleic acid molecule within atarget cell, or atranscription factor able to interact with the
genome of atarget cell and to activate or inhibit transcription of atarget gene in the cell.

[00169] In some embodiments, a method for generating a fusion of afunctional effector
protein and a supercharged protein includes the generation of an expression nucleic acid
construct containing the coding sequences of the functional protein and the supercharged protein,
aswell as, optionally, apeptide linker, in frame; the expression of such arecombinant fusion
protein in aprokaryotic or eukaryotic cell in culture, the extraction and purification of the fusion
protein of the fusion protein. In some embodiments, anucleic acid construct is generated in the
form of an expression vector, for example, avector suitable for propagation in abacterial host
and for expression in aprokaryotic or eukaryotic cell.

[00170] In some embodiments, avector suitable for fusion protein expression is generated
by cloning of anucleotide sequence coding for afunctional effector protein to be delivered into a

cloning vector including anucleotide sequence coding for a supercharged protein under the

59



WO 2016/070129 PCT/US2015/058479

control of a eukaryotic and/or aprokaryotic promoter, by a cloning approach that results in both
coding sequences being in frame with each other. In some embodiments, the cloning vector
includes anucleotide sequence coding for a peptide linker between anucleotide sequence coding
for asupercharged protein and arestriction site useful for inserting a nucleotide sequence coding
for aprotein in frame with the linker and the supercharged protein. In some embodiments, the
cloning vector further includes an additional sequence enhancing expression of afusion protein
in aprokaryotic or eukaryotic cell or facilitating purification of expressed fusion proteins from
such cells, for example, a sequence stabilizing atranscript encoding the fusion protein, such as a
poly-A signal, aspliceable intron, a sequence encoding an in-frame peptide or protein domain
tag (e.g., an Arg-tag, camodulin-binding peptide tag, cellulose-binding domain tag, DsbA tag, c-
myc-tag, glutathione S-transferase tag, FLAG-tag, HAT -tag, His-tag, maltose-binding protein
tag, NusA tag, S-tag, SBP-tag, Strep-tag, or thioredoxin tag), or a selection marker or reporter
cassette allowing for identification of cells harboring and expressing the expression construct
and/or quantifying the level of expression in such cells. Methods for cloning and expressing
fusion proteins are well known to those in the art, see, for example Sambrook et al, Molecular
Cloning: A Laboratory Manual, Volume 1-3, CSHL Press (1989); Gellissen et al, Production of
recombinant proteins, Wiley-VCH, 2005.

[00171] In some embodiments, the functional effector protein is associated with a
supercharged GFP, for example, +36 GFP or -30 GFP, for delivery to atarget cell. The benefit of
endosomal disruption in the delivery of macromolecules by supercharged proteins has been
previously demonstrated (Wadia etal, Nat. Med. 10, 310-315, 2004) and in some
embodiments, additional steps to effect enhanced endosomal escape, asprovided herein or
known in the art, are performed. Highly efficient protein internalization, when coupled with
effective endosomal release, has the potential to minimize the requisite doses of exogenous
protein agents, enhancing their potential asresearch tools and leads for therapeutic development.
[00172] In some embodiments, a composition comprising afunctional effector protein
associated with a supercharged protein is administered to atarget cell after isolation and/or
purification. Protein isolation methods and technologies are well known to those of skill in the
art and include, for example, affinity chromatography or immunoprecipitation. The methods
suitable for isolating and/or purifying a specific functional effector proteins, supercharged

proteins, and/or fusion proteins will depend on the nature of the respective protein. For example,
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aHis-tagged fusion protein can readily beisolated and purified viaNi or Co ion
chromatography, while fusion proteins tagged with other peptides or domains or untagged fusion
proteins can be purified by other well established methods.

[00173] Functional effector proteins suitable for delivery to atarget cell in vivo, ex vivo, or
in vitro, by a system or method provided herein will be apparent to those of skill in the art and
include, for example, DNA-binding proteins, such astranscription factors and nucleases, aswell
as Cas9 proteins (including variants and fusions thereof).

[00174] In some embodiments, amethod, composition, or system provided herein isused
to deliver atherapeutic functional effector protein to a cell. Examples of therapeutic proteins
include, but are not limited to, nucleases and Cas9 proteins (including variants and fusions
thereof) targeting a genomic allele associated with a disease or disorder, and transcription factors
activating abeneficial gene or repressing a pathogenic gene.

[00175] In some embodiments, Cas9 isfused to a supercharged protein for delivery to a
cell. In some embodiments, the supercharged protein is positively charged. In some
embodiments, the supercharged protein fused to Cas9 is (+36)GFP. In some embodiments, the
fusion of Cas9 and (+36)GFP comprises the amino acid sequence of SEQ ID NO:30 {e.g., with
or without anuclear localization signal (NLS) and with or without a 6xHis tag), or comprises an
amino acid sequence that is at least 80%, at least 85%, a least 90%>, at least 95%, at least 98%,
or at least 99% identical to the amino acid sequence of SEQ ID NO:30 {e.g., with or without a
nuclear localization signal (NLS) and with or without a 6xHis tag). In some embodiments, the
supercharged protein fused to Cas9 is (-30)GFP. In some embodiments, the fusion of Cas9 and
(-30)GFP comprises the amino acid sequence of SEQ ID NO:3 1{e.g., with or without a nuclear
localization signal (NLS) and with or without a 6xHis tag), or comprises an amino acid sequence
that is at least 80%, a least 85%, a least 90%, at least 95%, at least 98%, or a least 99%
identical to the amino acid sequence of SEQ ID NO:31{e.g., with or without a nuclear
localization signal (NLS) and with or without a 6xHis tag).

[00176] Cas9-6xHis:

MDKKY SIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRR
YTRRKNRICY LQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLV
DSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSAR
LSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQY
ADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRY DEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG
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YAGYIDGGASQEEFY KFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL GELHAILRRQEDFY P
FLKDNREKIEKILTFRIPYYVGPLARGNSRFAWM TRK SEETITPWNFEEWDK GASAQSFIERMTNFDKNLP
NEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDY FKKIE
CFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDK
VMKQLKRRRY TGWGRL SRK LINGIRDK QSGK TILDFLK SDGFANRNFMQL IHDDSL TFKEDIQKAQV SGQG
DSLHEHIANLAGSPAIKKGILQTVKWDELVKVMGRHKPENIVIEMARENQTTQK GQKNSRERMKRIEEGI
KELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDY DVDHIVPQSFLKDDSIDNKVLTR
SDKNRGK SDNVPSEEWKKMKNYWRQLLNAKLITQRKFDNL TKAERGGL SELDKAGFIKRQLVETRQITK
HVAQILDSRMNTKY DENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNY HHAHDAYLNAWGTALIK
KYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFY SNIMNFFK TEITLANGEIRKRPLIETNGETGEI
VWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKY GGFDSPTVAY'S
VLWAKVEKGK SKKLKSVKELLGITIMERSSFEKNPIDFLEAKGY KEVKKDLIIKLPKY SLFELENGRKRML
ASAGELQKGNELALPSKYVNFLYLASHY EKLKGSPEDNEQK QLFVEQHKHY LDEIIEQISEFSKRVILADAN
LDKVLSAYNKHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRY TSTKEVLDATLIHQSI TGLYETRI
DLSQLGGDHHHHHH (SEQ ID NO: 260)

[00177] (+36)dGFP-NLS-Cas9-6xHis TY67SV

MGASKGERL FRGKVPI LVEL KGDVNGHKFSVRGKGKGDATRGKLTLKFI CTTGKLPVPWPTLVTTLTf [ GV
QCFSRYPKHVKRHDFFKSAMPKGYVQERTI  SFKKDGKYKTRAEVKFEGRTLVNRI KLKGRDFKEKGNI LG
HKLRYNFNSHKVY! TADKRKNG KAKFKI RHNVKDGSVQLADHYQQNTPI GRGPVLLPRNHYLSTRSKLS
KDPKEKRDHWLLEFVTAAG KHGRDERYKT GGSGGSGGSGESGGESGESCRESGESGRT AL AL PKKKRKVM
DKKYSI GLDI GTNSVGWAVI TDEYKVPSKKFKVLGNTDRHS! KKNLI GALL FDSGETAEATRLKRTARRR
YTRRKNRI CYLQEI FSNEMAKVDDSFFHRL EESFLVEEDKKHERHPI FGNI VDEVAYHEKYPTI  YHLRKK
LVDSTDKADLRL| YLALAHM KFRGHFL| EGDLNPDNSDVDKLFI QLVQTYNQLFEENPI NASGVDAKAI

L SARL SKSRRLENL| AQLPGEKKNGLFGNLI AL SLGL TPNFKSNFDLAEDAKL QL SKDTYDDDLDNLLAQ

| GDQYADLFLAAKNL SDAI LLSDI LRVNTEI TKAPLSASM KRYDEHHQDL TL LKAL VRQQLPEKYKEI F
FDQSKNGYAGY! DGGASQEEFYKFI KPI LEKMDGTEEL LVKLNREDLLRKQRTFDNGS | PHQ HLGELHA
| LRRQEDFYPFLKDNREKI EKI LTFRI PYYVGPLARGNSRFAVWITRKSEET! TPWNFEEVVDKGASAQSF

| ERMTNFDKNL PNEKVL PKHSL L YEYFTVYNEL TKVKYVTEGVRKPAFL SGEQKKAI VDLLFKTNRKVTV
KQLKEDYFKKI ECFDSVEI SGVEDRFNASLGTYHDLLKI | KDKDFLDNEENED! LEDI VL TLTLFEDREM
| EERLKTYAHL FDDKVMKQLKRRRYTGAGRL SRKLI NG RDKQSGKTI L DFLKSDGFANRNFMQL| HDDS
LTFKEDI QKAQVSGQGDSLHEH ANLAGSPAI KKG LQTVKVVDEL VKVMERHKPENI VI EMARENQTTQ
KGQKNSRERVKRI EEG KELGSQ LKEHPVENTQLQNEKL YL YYL QNGRDMYVDQEL DI NRL SDYDVDHI
VPQSFLKDDS | DNKVL TRSDKNRGKSDNVPSEEVVKKMKNYWRQL LNAKL | TQRKFDNL TKAERGGL SEL
DKAGFI KRQLVETRQ TKHVAQ LDSRVNTKYDENDKL | REVKVI TLKSKLVSDFRKDFQFYKVRE! NNY
HHAHDAYLNAWGTAL | KKYPKL ESEFVYGDYKVYDVRKM AKSEQEI GKATAKYFFYSNI MNFFKTE! T
LANGE| RKRPLI ETNGETGEl VWDKGRDFATVRKVL SMPQUNI VKKTEVQTGGFSKES | LPKRNSDKLI A
RKKDWDPKKYGGFDSPTVAYSVL WAKVEKGKSKKLKSVKELLG Tl MERSSFEKNPI  DFLEAKGYKEVK
KDLI | KLPKYSLFELENGRKRVLASAGEL QKGNELAL PSKYVNFL YLASHYEKL KGSPEDNEQKQL FVEQ
HKHYLDEI TEQT SEFSKRVI LADANLDKVLSAYNKHRDKPI REQAENI | HLFTLTNLGAPAAFKYFDTTI

DRKRYTSTKEVLDATLI HQSI TGLYETRI  DLSQLGGDHHHHHH (SEQ 1D NO:30)

ATGGGTGCTAGCAAAGGT GAACGT CTGT TTCGT GGTAAAGT ACCGAT CT TAGT GGAAT TAAAGGGCGACGT GAACGG
TCATAAATTTAGCGT GCGCGGECAAAGGCAAAGGT GACGCTACCCGT GGTAAATTGACCCTGAAGT TTATTTGCACAA
CAGGCAAATTACCCGT TCCGT GGCCCACCT TAGT GACCACCCT GACCT CCGECGT TCAGTGCTTCAGT CGTTACCCT
AAACATATGAAACGT CACGATTTTTTCAAATCAGCCATGCCTAAAGGATAT GT TCAAGAGCGTACAATCAGCTTCAA
GAAGGATGGCAAATATAAAACGCGT GCGGAAGT GAAAT TTGAAGGCCGCACATTAGTAAATCGTATCAAACT GAAAG
GTCGTGACTTCAAAGAAAAAGCCAACATTTTAGGCCATAAACTGCGT TATAACT TTAATTCTCATAAGGT GTATATT
ACGGCCGATAAACGCCAAGAATGGT ATCAAGGCAAAATTCAAAAT TCGCCATAACGT GAAAGACGCCAGCGT TCAATT
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AGCGGATCATTATCAACAAAACACGCCGATTGGTCGCGGGCCTGTACTGTTACCTCGCAACCACTACCTGAGCACCC
GTTCTAAACTGAGCAAAGATCCGAAAGAAAAACGCGATCACATGGTTCTGTTAGAATTCGTGACCGCTGCAGGCATT
AAGCACGGACGCGACGAACGCTACAAGACCGGTGGTAGCGGTGGTTCTGGTGGTTCTGGTGGTAGCGGCGGTAGCGG
TGGTAGCGGTGGTAGCGGTGGCAGCGGCGGTACCGCGCTCGCGCTGCCCAAGAAGAAGAGGAAGGTGATGGATAAGA
AATACTCAATAGGCTTAGATATCGGCACAAATAGCGTCGGATGGGCGGTGATCACTGATGAATATAAGGTTCCGTCT
AAAAAGTTCAAGGTTCTGGGAAATACAGACCGCCACAGTATCAAAAAAAATCTTATAGGGGCTCTTTTATTTGACAG
TGGAGAGACAGCGGAAGCGACTCGTCTCAAACGGACAGCTCGTAGAAGGTATACACGTCGGAAGAATCGTATTTGTT
ATCTACAGGAGATTTTTTCAAATGAGATGGCGAAAGTAGATGATAGTTTCTTTCATCGACTTGAAGAGTCTTTTTTG
GTGGAAGAAGACAAGAAGCATGAACGTCATCCTATTTT TGGAAATATAGTAGATGAAGTTGCTTATCAT GAGAAATA
TCCAACTATCTATCATCTGCGAAAAAAATTGGTAGATTCTACTGATAAAGCGGATTTGCGCTTAATCTATTTGGCCT
TAGCGCATATGATTAAGTTTCGTGGTCATTTTTTGATTGAGGGAGATTTAAATCCTGATAATAGTGATGTGGACAAA
CTATTTATCCAGTTGGTACAAACCTACAATCAATTATTTGAAGAAAACCCTATTAACGCAAGTGGAGTAGATGCTAA
AGCGATTCTTTCTGCACGATTGAGTAAATCAAGACGATTAGAAAATCTCATTGCTCAGCTCCCCGGTGAGAAGAAAA
ATGGCTTATTTGGGAATCTCATTGCTTTGTCATTGGGTTTGACCCCTAATTTTAAATCAAATTTTGATTTGGCAGAA
GATGCTAAATTACAGCTTTCAAAAGATACTTACGATGATGATTTAGATAATTTATTGGCGCAAATTGGAGATCAATA
TGCTGATTTGTTTTTGGCAGCTAAGAATTTATCAGATGCTATTTTACTTTCAGATATCCTAAGAGTAAATACTGAAA
TAACTAAGGCTCCCCTATCAGCTTCAATGATTAAACGCTACGATGAACATCATCAAGACTTGACTCTTTTAAAAGCT
TTAGTTCGACAACAACTTCCAGAAAAGTATAAAGAAATCTTTTTTGATCAATCAAAAAACGGATATGCAGGTTATAT
TGATGGGGGAGCTAGCCAAGAAGAATTTTATAAATTTATCAAACCAATTTTAGAAAAAATGGATGGTACTGAGGAAT
TATTGGTGAAACTAAATCGTGAAGATTTGCTGCGCAAGCAACGGACCTTTGACAACGGCTCTATTCCCCATCAAATT
CACTTGGGTGAGCTGCATGCTATTTTGAGAAGACAAGAAGACTTTTATCCATTTTTAAAAGACAATCGTGAGAAGAT
TGAAAAAATCTTGACTTTTCGAATTCCTTATTATGTTGGTCCATTGGCGCGTGGCAATAGTCGTTTTGCATGGATGA
CTCGGAAGTCTGAAGAAACAATTACCCCATGGAATTTTGAAGAAGTTGTCGATAAAGGTGCTTCAGCTCAATCATTT
ATTGAACGCATGACAAACTTTGATAAAAATCTTCCAAATGAAAAAGTACTACCAAAACATAGTTTGCTTTATGAGTA
TTTTACGGTTTATAACGAATTGACAAAGGTCAAATATGTTACTGAAGGAATGCGAAAACCAGCATTTCTTTCAGGTG
AACAGAAGAAAGCCATTGTTGATTTACTCTT CAAAACAAATCGAAAAGTAACCGTTAAGCAATTAAAAGAAGATTAT
TTCAAAAAAATAGAATGTTTTGATAGTGTTGAAATTTCAGGAGTTGAAGATAGATTTAATGCTTCATTAGGTACCTA
CCATGATTTGCTAAAAATTATTAAAGATAAAGATTTTTTGGATAATGAAGAAAATGAAGATATCTTAGAGGATATTG
TTTTAACATTGACCTTATTTGAAGATAGGGAGATGATTGAGGAAAGACTTAAAACATATGCTCACCTCTTTGATGAT
AAGGTGATGAAACAGCTTAAACGTCGCCGTTATACTGGTTGGGGACGTTTGTCTCGAAAATTGATTAATGGTATTAG
GGATAAGCAATCTGGCAAAACAATATTAGATTTTTTGAAATCAGATGGTTTTGCCAATCGCAATTTTATGCAGCTGA
TCCATGATGATAGTTT GACATTTAAAGAAGACATTCAAAAAGCACAAGTGTCTGGACAAGGCGATAGTTTACATGAA
CATATTGCAAATTTAGCTGGTAGCCCTGCTATTAAAAAAGGTATTTTACAGACTGTAAAAGTTGTTGATGAATTGGT
CAAAGTAATGGGGCGGCATAAGCCAGAAAATATCGTTATTGAAATGGCACGTGAAAATCAGACAACTCAAAAGGGCC
AGAAAAATTCGCGAGAGCGTATGAAACGAATCGAAGAAGGTATCAAAGAATTAGGAAGTCAGATTCTTAAAGAGCAT
CCTGTTGAAAATACTCAATTGCAAAATGAAAAGCTCTATCTCTATTATCTCCAAAATGGAAGAGACATGTATGTGGA
CCAAGAATTAGATATTAATCGTTTAAGTGATTATGATGTCGATCACATTGTTCCACAAAGTTTCCTTAAAGACGATT
CAATAGACAATAAGGTCTTAACGCGTTCTGATAAAAATCGTGGTAAATCGGATAACGTTCCAAGTGAAGAAGTAGTC
AAAAAGATGAAAAACTATTGGAGACAACTTCTAAACGCCAAGTTAATCACTCAACGTAAGTTTGATAATT TAACGAA
AGCTGAACGTGGAGGTTTGAGTGAACTTGATAAAGCTGGTTTTATCAAACGCCAATTGGTTGAAACTCGCCAAATCA
CTAAGCATGTGGCACAAATTTTGGATAGTCGCATGAATACTAAATACGATGAAAATGATAAACTTATTCGAGAGGTT
AAAGTGATTACCTTAAAATCTAAATTAGTTTCTGACTTCCGAAAAGATTTCCAATTCTATAAAGTACGTGAGATTAA
CAATTACCATCATGCCCATGATGCGTATCTAAATGCCGTCGTTGGAACTGCTTTGATTAAGAAATATCCAAAACTTG
AATCGGAGTTTGTCTATGGTGATTATAAAGTTTATGATGTTCGTAAAATGATTGCTAAGTCTGAGCAAGAAATAGGC
AAAGCAACCGCAAAATATTTCTTTTACTCTAATATCATGAACTTCTTCAAAACAGAAATTACACTTGCAAATGGAGA
GATTCGCAAACGCCCTCTAATCGAAACTAATGGGGAAACTGGAGAAATTGTCTGGGATAAAGGGCGAGATTTTGCCA
CAGTGCGCAAAGTATTGTCCATGCCCCAAGTCAATATTGTCAAGAAAACAGAAGTACAGACAGGCGGATTCTCCAAG
GAGTCAATTTTACCAAAAAGAAATTCGGACAAGCTTATTGCTCGTAAAAAAGACTGGGATCCAAAAAAATATGGTGG
TTTTGATAGTCCAACGGTAGCTTATTCAGTCCTAGTGGTTGCTAAGGTGGAAAAAGGGAAATCGAAGAAGTTAAAAT
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CCGTTAAAGAGT TACTAGGGATCACAAT TATGGAAAGAAGTTCCTTTGAAAAAAAT CCGATTGACTTTTTAGAAGCT
AAAGGATATAAGGAAGTTAAAAAAG ACTTAAT CATTAAAC TACCTAAAT ATAGTCTTTTTGAGT TAGAAAAC GGTCG
TAAACGGAT GCTGGCTAGT GCCGGAGAAT TACAAAAAGGAAAT GAGCT GGCTCTGCCAAGCAAATATGTGAATTTTT
TATATTTAGCTAGI CATTATGAAAAGT TGAAGGGT AGT CCAGAAGATAACGAACAAAAACAATTGT TTGTGGAGCAG
CATAAGCATTATTTAGATGAGATTATTGAGCAAATCAGTGAATTTTCTAAGCGTGTTATTTTAGCAGATGCCAATTT
AGATAAAGT TCTTAGT GCATATAACAAACATAGAGACAAACCAAT ACGT GAACAAGCAGAAAATATTATTCATTTAT
TTACGT TGACGAATCT TGGAGCTCCCGCTGCTTTTAAATATTTTGATACAACAATTGATCGTAAACGATATACGTCT
ACAAAAGAAGTTTTAGATGCCACTCTTATCCATCAAT CCATCACTGGTCTTTATGAAACACGCATTGATTTGAGTCA
GCTAGGAGGTGACCAT CACCACCACCATCAC (SEQ ID NGO 261)

[00178] (- 30)dGFP-NLS-Cas9-6xHis (Y 67SV

MGASKGEEL FDGWPI LVEL DGDVNGHEFSVRGECGEGDATECEL TLKFI CTTGELPVPWPTLVTTLTEGY
QCFSDYPDHVDOQHDFFKSAMPEGYVQERTI  SFKDDGTYKTRAEVKFEGDTLVNRI ELKG  DFKEDGNI LG
HKLEYNFNSHDVYI TADKQENG KAEFEI RHNVEDGSVQLADHYQONTPI CDGPVLLPDDHYLSTESALS
KDPNEDRDHWLLEFVTAAG DHGVDEL YKT GGSGGSGCGSGCGESGESEEEGEESGESGET ALAL PKKKRKVM
DKKYSI GLDI GTNSVGMAVI TDEYKVPSKKFKVLGNTDRHSI KKNLI GALLFDSGETAEATRLKRTARRR
YTRRKNRI CYLQElI FSNEMAKVDDSFFHRLEESFLVEEDKKHERHPI FGNI VDEVAYHEKYPTI  YHLRKK
LVDSTDKADLRLI YLALAHM KFRGHFLI EGDLNPDNSDVDKLFI QLVQTYNQLFEENPI NASGVDAKAI
LSARLSKSRRLENLI AQLPGEKKNGLFGNLI ALSLG.TPNFKSNFDLAEDAKL QL SKDTYDDDLDNLLAQ

| GDQYADLFLAAKNLSDAI LLSDI LRVNTEI TKAPLSASM KRYDEHHQDL TLLKALVRQQLPEKYKEI F
FDQSKNGYAGY! DGGASQEEFYKFI KPI LEKMDGTEELLVKLNREDLLRKQRTFDNGS | PHQ HLGELHA
| LRRQEDFYPFLKDNREKI EKI LTFRI PYYVGPLARGNSRFAWMIRKSEETI TPWNFEEVVDKGASAQSF

| ERMTNFDKNL PNEKVLPKHSLLYEYFTVYNEL TKVKYVTEGVRKPAFL SGEQKKAI VDLLFKTNRKVTV
KQLKEDYFKKI ECFDSVEI SGVEDRFNASLGTYHDLLKI | KDKDFLDNEENEDI LEDI VLTLTLFEDREM

| EERLKTYAHL FDDKVMKQLKRRRYTGAGRLSRKLI NG RDKQSGKTI L DFLKSDGFANRNFMOQLT HDDS
LTFKEDI QKAQVSGQGDSLHEHI ANLAGSPAI KKA L QTVKVVDELVKVMGRHKPEN VI EMARENQTTQ
KGKNSRERWKRI EEG KELGSQ LKEHPVENTQLQNEKL YLYYLQNGRDMYVDQEL DI NRLSDYDVDHI
VPQSFLKDDS | DNKVL TRSDKNRGKSDNVPSEEVVKKVKNYWRQL L NAKL I TORKFDNL TKAERGGL SEL
DKAGFI KRQLVETRQ TKHVAQ LDSRWNTKYDENDKLI REVKVI TLKSKL VSDFRKDFQFYKVREI NNY
HHAHDAYLNAWGTAL I KKYPKLESEFVYGDYKVYDVRKM AKSEQEI GKATAKYFFYSNI MNFFKTEI T
LANGEI RKRPLI ETNGETGEl VWDKGRDFATVRKVLSMPQVNI VKKTEVQTGGFSKES | LPKRNSDKLI A
RKKDWDPKKYGGFDSPTVAYSVLVWAKVEKCGKSKKLKSVKELLG Tl MERSSFEKNPI DFLEAKGYKEVK
KDLI | KLPKYSLFELENGRKRMLASACGEL QKGNEL AL PSKYVNFL YLASHYEKL KGSPEDNEQKQLFVEQ
HKHYLDElI IEQI SEFSKRVI LADANLDKVLSAYNKHRDKPI REQAENI | HLFTLTNLGAPAAFKYFDTTI

DRKRYTSTKEVLDATLI HQS | TGLYETRI DLSQLGGD HHHHHH (SEQ ID NO:31)

ATGGGT GCCTAGCAAAGGT GAAGAGCT GT TTGACGGT GTAGTACCGATCT TAGT GGAAT TAGACGGCGACGT GAACGG
TCACGAAT T TAGCGT GCGCGECGAGGECGAAGGT GACGCT ACCGAGEGT GAATTGACCCTGAAGT TTATTTGCACAA
CAGCCGAATTACCCGI TCCGT GECCCACCT TAGT GACCACCCT GACCT CCGGECGT TCAGT GCTTCAGT GATTACCCA
GATCATATGGATCAACACGATTTTTTCAAATCAGCCATGCCT GAAGGATATGT TCAAGAGCGTACAATCAGCTTCAA
GGACGATGGCACCTATAAAACGCGT GCGGAAGT GAAAT TTGAAGGCGACACATTAGTAAACCGTATCGAACT GAAAG
GTATCGACTTCAAAGAAGACGGCAACATTTTAGGCCATAAGCTGGAATATAACTTTAATTCTCATGACGT GTATATT
ACGGCCGATAAACAGGAAAACGGTAT CAAGGCAGAATTTGAAATTCGCCATAACGT GGAGGACGECAGCGT TCAATT
AGCGGATCATTATCAACAAAACACGCCGAT TGGTGATGEECCT GTACTGT TACCTGACGAT CACTACCTGAGCACGG
AGT CAGCCCTGAGCAAAGAT CCGAACGAAGACCGCGATCACATGGT TCTGT TAGAATTCGT GACCGCTGCAGGCATT
GATCATGGAAT GGACGAGCT GTACAAGACCGGT GGTAGCGGT GGT TCTGGTGGT TCTGGT GGTAGCGECGGTAGCGGE
TGGTAGCGGT GGTAGCGGT GEGCAGCGECGGTACCGCGCT CGCGCT GCCCAAGAAGAAGAGGAAGGT GATGGATAAGA
AATACTCAATAGCCTTAGATATCGGCACAAAT AGCGT CCGATGEECGGT GATCACTGATGAATATAAGGT TCCGTCT
AAAAAGT TCAAGGT TCTGGGAAATACAGACCGCCACAGT ATCAAAAAAAAT CTTATAGCGGCTCTTTTATTTGACAG
TGGAGAGACAGCGGAAGCGACT CGT CTCAAACGGACAGCT CGTAGAAGGTATACACGT CGGAAGAATCGTATTTGT T
ATCTACAGGAGATTTTTTCAAAT GAGATGECGAAAG TAGATCGATAGT TTCTTTCATCGACTTGAAGAGTCTTTTTTG
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GTGGAAGAAGACAAGAAGCATGAACGTCATCCTATTTT TGGAAAT ATAGTAGATGAAGTTGCTTATCAT GAGAAAT A
TCCAACTATCTATCATCTGCGAAAAAAATTGGTAGATTCTACT GATAAAGCGGATTTGCCCTTAATCTATTTGGECCT
TAGCGCATATGATTAAGT TTCGTGGTCATTTTTTGATTGAGGGAGAT TTAAATCCTGATAATAGT GATGT GGACAAA
CTATTTATCCAGI TGGTACAAACCTACAATCAATTATTTGAAGAAAACCCTATTAACGCAAGT GGAGTAGATGCTAA
AGCGATTCTTTCTGCACGATTGAGTAAATCAAGACGAT TAGAAAAT CTCATTGCTCAGCT CCCCGGT GAGAAGAAAA
ATGECTTATTTGGGAATCTCATTGCTTTGTCATTGGGT TTGACCCCTAATTTTAAATCAAATTTTGATT TGGCAGAA
GATGCTAAATTACAGCTTTCAAAAGATACT TACGATGATGATTTAGATAATTTATTGGCGCAAATTGGAGATCAATA
TCCTGATTTGITTTTGECAGCTAAGAATTTATCAGATGCTATTTTACTTTCAGATATCCTAAGAGTAAATACTGAAA
TAACTAAGGCTCCCCTATCAGCT TCAATGATTAAACGCTACGATGAACATCATCAAGACT TGACTCTTTTAAAAGCT
TTAGTTCGACAACAACTTCCAGAAAAGT ATAAAGAAATCTTTTTTGATCAATCAAAAAACGGATATGCAGGT TATAT
TGATGGGCGAGCTAGCCAAGAAGAATTTTATAAATTTATCAAACCAATTTTAGAAAAAAT GGATGGTACT GAGGAAT
TATTGGT GAAACT AAAT CGT GAAGAT TTGCTGCGCAAGCAACGGACCT TTGACAACGGECTCTATTCCCCATCAAATT
CACTTGGGT GAGCTGCATCCTATTTTGAGAAGACAAGAAGACT TTTATCCATTTTTAAAAGACAAT CGT GAGAAGAT
TGAAAAAATCTTGACTTTTCGAATTCCTTATTATGT TGGT CCAT TGGCGCGT GGCAATAGTCGTTTTGCATGGATGA
CTCGGAAGT CTGAAGAAACAATTACCCCATGGAAT TTTGAAGAAGT TGTCGATAAAGGT GCTTCAGCTCAATCATTT
ATTGAACGCATGACAAACTTTGATAAAAAT CTTCCAAAT GAAAAAGT ACTACCAAAACATAGI TTGCTTTATGAGTA
TTTTACGGT TTATAACGAATTGACAAAGGT CAAATAT GT TACT GAAGGAAT GCGAAAACCAGCATTTCTTTCAGGT G
AACAGAAGAAAGC CATTGTTGATTTACTCTT CAAAACAAAT CGAAAAG TAACCGT TAAGCAAT TAAAAGAAGATTAT
TTCAAAAAAATAGAATGT TTTGATAGT GTTGAAATTTCAGGAGT TGAAGATAGAT TTAATGCTTCATTAGGTACCTA
CCATGATTTGCTAAAAATTATTAAAGATAAAGATTTTTTGGATAATGAAGAAAAT GAAGATATCTTAGAGGATATTG
TTTTAACATTGACCTTATTTGAAGATAGCGAGATGATTGAGGAAAGACT TAAAACATATGCTCACCTCTTTGATGAT
AAGGT GATGAAACAGCT TAAACGT CGCCGT TATACT GGT TGGGGACGT TTGTCTCGAAAATTGATTAATGGTATTAG
GGATAAGCAATCTGGCAAAACAATATTAGATTTTTTGAAAT CAGATGGT TTTGCCAATCGCAATTTTATGCAGCTGA
TCCATGATGATAGITT GACATTTAAAGAAGACATTCAAAAAGC ACAAGTGTCTGGACAAGGC GATAGTTTACATGAA
CATATTGCAAATTTAGCTGGTAGCCCTGCTATTAAAAAAGGTATTTTACAGACT GTAAAAGT TGTTGATGAATTGGT
CAAAGT AAT GGGGCGGCATAAGCCAGAAAATAT CGT TATTGAAAT GGCACGT GAAAAT CAGACAACT CAAAAGGECC
AGAAAAAT TCCCGAGAGCGTAT GAAACGAAT CGAAGAAGGT AT CAAAGAAT TAGGAAGT CAGATTCT TAAAGAGCAT
CCTGTTGAAAATACT CAATTGCAAAAT GAAAAGCT CTATCTCTATTATCTCCAAAAT GGAAGAGACATGTATGTGEA
CCAAGAAT TAGATATTAAT CGTTTAAGTGATTATGATGTCGATCACATTGT TCCACAAAGTTTCCTTAAAGACGATT
CAATAGACAATAAGGT CTTAACGCGT TCTGATAAAAAT CGT GGTAAAT CGGATAACGT TCCAAGT GAAGAAGTAGTC
AAAAAGATGAAAAAC TAT TGGAGACAACTTCTAAAC GCCAAGTTAAT CACTCAACGTAAGTTTGATAATT TAACGAA
AGCTGAACGT GGAGGT TTGAGT GAACT TGATAAAGCT GGT TTTATCAAACGCCAATTGGT TGAAACT CGCCAAATCA
CTAAGCATGTGGCACAAATTTTGGATAGTI CGCATGAATACTAAATACGAT GAAAATGATAAACTTATTCGAGAGGT T
AAAGTGATTACCTTAAAATCTAAATTAGT TTCTGACT TCCGAAAAGATTTCCAATTCTATAAAGTACGT GAGATTAA
CAATTACCATCATGCCCATGATGCGTATCTAAATGCCGT CGT TGGAACTCCTTTGATTAAGAAATATCCAAAACT TG
AATCGGAGT TTGTCTATGGTGATTATAAAGT TTATGATGT TCGTAAAAT GATTGCTAAGT CTGAGCAAGAAATAGCEC
AAAGCAACCGCAAAATATTTCTTTTACTCTAATATCATGAACT TCTTCAAAACAGAAATTACACTTGCAAATGGAGA
GATTCGCAAACGCCCT CTAATCGAAACT AATGGGGAAACT GGAGAAAT TGT CTGGGATAAAGGGECGAGATTTTGCCA
CAGT GCGCAAAGTATTGT CCATGCCCCAAGT CAATAT TGT CAAGAAAACAGAAGT ACAGACAGGCGGATTCTCCAAG
GAGTCAATTTTACCAAAAAGAAAT TCGGACAAGCT TATTGCTCGT AAAAAAGACT GGGATCCAAAAAAATATGGT GG
TTTTGATAGTCCAACGGTAGCTTATTCAGT CCTAGT GGT TGCTAAGGT GGAAAAAGGGAAAT CGAAGAAGT TAAAAT
CCGTTAAAGAGTTACTAGGGATCACAAT TATGGAAAGAAGTTCCTTTGAAAAAAAT CCGATTGACTTTTTAGAAGCT
AAAGGATATAAGGAAGTTAAAAAAGACTTAAT CATTAAACTACCTAAAT ATAGTCTTTTTGAGT TAGAAAAC GGTCG
TAAACGGAT GCTGGCTAGT GCCCGAGAAT TACAAAAAGGAAAT GAGCT GGCTCTGCCAAGCAAATATGTGAATTTTT
TATATTTAGCTAGT CATTATGAAAAGT TGAAGGGT AGT CCAGAAGATAACGAACAAAAACAAT TGT TTGT GGAGCAG
CATAAGCATTATTTAGATGAGATTATTGAGCAAATCAGTGAATTTTCTAAGCGTGT TATTTTAGCAGATGCCAATTT
AGATAAAGT TCTTAGT GCATATAACAAACATAGAGACAAACCAATACGT GAACAAGCAGAAAATATTATTCATTTAT
TTACGI TGACGAATCTTGGAGCTCCCGCTGCTTTTAAATATTTTGATACAACAAT TGATCGTAAACGATATACGT CT
ACAAAAGAAGTTTTAGATGCCACTCTTATCCATCAAT CCATCACTGGTCTTTATGAAACACGCATTGATTTGAGTCA
GCTAGGAGGTGACCAT CACCACCACCATCAC (SEQ ID NGO 262)

Compositions d functional effector proteins and cationic lipids
[00179] Certain aspects of the disclosure relate to the use of cationic lipids for the delivery
of effector proteins (e.g., nucleases, transcriptional activators/repressors, recombinases, Cas9
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proteins including variants and fusions thereof, etc.), for example as opposed to delivering
"naked" protein preparations. Surprisingly, existing liposomal delivery reagents that have been
engineered for the delivery of nucleic acids such as DNA and RNA were found to effectively
deliver certain effector proteins {e.g., Cas9 proteins including variants and fusions thereof) both
in vitro and in vivo, as described herein. Nucleic acid delivery has benefited greatly from the
development of liposomal reagents over the past two decades. Cationic liposomal formulations
have enabled DNA and RNA transfection to become aroutine technique in basic research and
have even been used in clinical trials. The lipid bilayer of the liposome protects encapsulated
nucleic acids from degradation and can prevent specific neutralization by antibodies that can
bind naked preparations of the nucleic acids. Importantly, fusion of the liposome with the
endosoma membrane during endosomal maturation can enable highly efficient endosomal
escape of cationic lipid-delivered cargo. Other non-cationic, but reversibly ionizable, lipid
nanoparticle formulations have enabled efficient encapsulation and delivery of nucleic acids,
while avoiding non-specific electrostatic interactions and consequent sequestration. However,
proteins are chemically diverse, and therefore unlike highly anionic nucleic acids, liposomal
formulations have not been similarly successful for the efficient delivery of proteins. For
example, while proteins can be encapsulated non-specifically and delivered by rehydrated lipids
in vitro, the efficacy of encapsulation is dependent on protein concentration and is generally
inefficient, and thus has not seen widespread application. Aspects of the present disclosure relate
to the recognition that anionic proteins or protein complexes (including those proteins associated
with nucleic acids) may be able to take advantage of the same electrostatics-driven encapsulation
used by cationic liposomal reagents for nucleic acid delivery. While few proteins natively
possess the density of negative charges found in the phosphate backbone of nucleic acids,
tranglational fusion to, or non-covalent association with, an anionic carrier such as anegatively
supercharged protein or anucleic acid as described herein render the resulting effector protein or
protein complex sufficiently anionic to drive efficient encapsulation of such protein cargoes by
cationic liposomal reagents.

[00180] In some embodiments, association or fusion with an engineered supernegatively
charged GFP is capable of driving efficient encapsulation and delivery of proteins into cultured
mammalian cells by cationic lipids commonly used to transfeet nucleic acids. This approach is

effective even at low nanomolar protein concentrations and in the presence of serum, resulting in
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up to 1,000-fold more efficient functional protein delivery than protein delivery methods that use
fusion to cationic peptides or proteins. Asshown in the Examples, the efficacy of delivery
depends, in some embodiments, on e.g., the theoretical net charge of the fusion tag, and that
popular natively anionic peptide tags e.g., 3XFLAG and VP64, can likewise enable liposomal
protein delivery.

[00181] The Examples further show that Cas9 nuclease protein associated with
polyanionic guide RNAs (gQRNA) can be efficiently delivered in functional form into mammalian
cells by these common cationic liposomal formulations because, while not wishing to be bound
by any particular theory, it isbelieved that the gRNA acts as apolyanionic mediator between the
otherwise cationic Cas9 protein and the cationic lipids. Delivery of Cas9:gRNA complexes is
not only highly efficient {e.g., up to 80% modification from a single treatment) but also results in
markedly higher genome modification specificity compared with plasmid transfection, typically
resulting in >10-fold higher on-target:off-target modification ratios, presumably due to the
transient nature of the delivered Cas9:gRNA activity. In some embodiments, delivery of
Cas9:gRNA complexes results in at least a 2-fold, 3-fold, 4-fold, 5-fold, 6-fold, 7-fold, 8-fold, 9-
fold, 10-fold, 11-fold, 12-fold, 13-fold, 14-fold, 15-fold, 20-fold or 25-fold or higher on-
targetoff-target modification ratio. The Examples also demonstrate that this protein delivery
approach can be effective in vivo, for example by delivering functional Cre recombinase and
functional Cas9:gRNA complexes to hair cellsin the inner ear of mice.

[00182] Accordingly, some aspects of the disclosure provide compositions comprising a
Cas9 protein {e.g., as described herein; see e.g., Cas9 effector proteins below) and a cationic
lipid capable of delivering the Cas9 protein to the interior of acell. In some embodiments, the
Cas9 protein is associated with agRNA, which e.g., provides anionic charge to the complex
thereby allowing the Cas9:gRNA complex to be encapsulated by the cationic lipids. In some
embodiments, the Cas9 protein need not be associated with a gRNA for effective encapsulation
by acationic lipid, but instead is associated with anegatively supercharged protein, as described
herein. In some embodiments where a Cas9 protein is associated with anegatively supercharged
protein, the Cas9 protein is also associated with agRNA. In some embodiments, the Cas9
protein isawild type Cas9 protein, a fragment of awild type Cas9 protein, or avariant of awild
type Cas9 protein. In some embodiments, the Cas9 protein comprises a dCas9 domain {e.g., as

described herein). In some embodiments, the Cas9 protein is afusion protein comprising a
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dCas9 domain (e.g., asdescribed herein). In some embodiments, the Cas9 protein is a Cas9
nickase.

[00183] In other embodiments, compositions comprising an effector protein (eg., other
than a Cas9 protein) and a cationic lipid are provided which are capable of delivering the effector
protein to the interior of acell (eg., tothe nucleus of the cell). The effector protein is either
naturally negatively charged, ismodified to have anet overall negative charge, or is associated
with anegatively supercharged protein, as described herein. In some embodiments, the effector
protein is any effector protein described herein. In some embodiments, the effector protein isa
recombinase, e.g., any recombinase described herein. In some embodiments, the recombinase is
Crerecombinase. In some embodiments, the Cre recombinase comprises the amino acid
sequence of SEQ ID NO:32 (eg., with or without the 6xHistag). In some embodiments, the Cre
recombinase comprises an amino acid sequencethat is a least 80%, at least 85%, at least 90%, at
least 95%, at least 98%>, or at least 99% identical to the amino acid sequence of SEQ ID NO:32
(e.g., with or without the 6xHistag). In some embodiments, the Cre recombinase isfusedto a
supercharged protein (eg., +36 GFP or -30GFP). In some embodiments, the Cre recombinase
fused to a supercharged protein comprises the amino acid sequence of SEQ ID NO:33 (e.g., with
or without the 6xHis tag) or SEQ ID NO:34 (e.g., with or without the 6xHistag), or comprises an
amino acid sequence that is at least 80%>, a least 85%, at least 90%>, at |east 95%, at least 98%>,
or a least 99% identical to the amino acid sequence of SEQ ID NO:33 or SEQ ID NO:34 (eg.,
with or without the 6xHis tag). In some embodiments, the effector protein isa TALE protein,
(e.g., asdescribed herein including those provided in the Examples). In some embodiments, the
TALE protein comprises one or more of aV P64 transcriptional activator domain (eg., SEQ ID
NO:35). In some embodiments, the TALE protein with aVP64 transcriptional activator domain
further comprises an amino acid sequence selected from the group consisting of SEQ 1D NO: 36-
39 (e.g., with or without the 6xHistag). In some embodiments, the TALE protein with aV P64
transcriptional activator domain comprises an amino acid sequencethat is at least 80%, at |east
85%, a least 90%>, at least 95%, at least 98%, or a least 99% identical to an amino acid sequence
selected from the group consisting of SEQ ID NO:36-39 (e.g., with or without the 6xHistag). In
some embodiments, the TALE effector protein comprises a (-30)GFP domain (e.g., SEQ ID
NO:21 or SEQ ID NO:40), aN-terminal region of aTALE domain (eg., SEQ ID NO:41), a
variable repeat domain (e.g., an 18.5mer repeat domain as provided in Maeder e al., "Robust,
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synergistic regulation of human gene expression using TALE activators.” Nat. Methods. 2013;
10, 243-245), aC-terminal TALE domain {e.g., SEQ ID NO:42), aVP64 activation domain
(e.g., SEQ ID NO:35), and optionally one or more linkers (e.g., GGS(9), SEQ ID NO: 252)
between any domain and optionally a sequence tag (e.g., 6xHis, SEQ ID NO:253).

[00184] While liposomal delivery of cargo such as DNA and RNA has been known to
induce toxicity in targeted cells, it was found that the inventive compositions described herein
deliver their cargo both in vitro and in vivo surprisingly with no or low toxicity. For example, in
some embodiments, the compositions comprising a Cas9 protein or other effector proteins
described herein exhibit low toxicity when administered to apopulation of cells (e.g., in vitro or
in vivo). In some embodiments, at least 60%, at least 65%, at least 70%>, a least 75%, at |least
80%, a least 85%, a least 90%, at least 95%, or a least 99% of the cells in apopulation are
viable following administration of an inventive composition comprising a Cas9 protein or other
effector protein and cationic lipids. Methods for assessing the toxicity of a composition when
administered to apopulation of cells arewell known in the art and include those described in the

Examples.

[00185] Cre-6xHis (6xHis tag underlined):

MASNLLTVHQONLPALPVDAT SDEVRKNLMDMFRDRQAFSEHTWKMLLSVCRSWAAWCKLNNRKWFPAEPE
DVRDYLLYLQARGLAVKTIQQHLGOLNMLHRRSGLPRPS DSNAVSLVMRRIRKENVDAGERAKQALAFER

TDFDQVRSLMENSDRCQDIRNLAFLGIAYNTLLRIAE TARIRVKDI SRTDGGRMLI HI GRTKTLVSTAGV
EKALSLGVTKLVERWI SVSGVADDPNNYLFCRVRKNGVAAPSAT SQLS TRALEGI FEATHRL I'YGAKDDS
GQRYLAWSGHSARVGAARDMARAGV ST PEIMQAGGWTNVNIVMNYI RNLDSETGAMVRLLEDGDGGSHHH.

HHH (SEQ ID NO:32)

ATGGCGAGCAATTTACTGACCGTACACCAAAATTTGCCTGCATTGCCGGTCGATGCAACGAGTGATGA
GGTTCGCAAGAACCTGATGGACATGTTCAGGGATCGCCAGGCGTTTTCTGAGCATACCTGGAAAATGC
TTCTGTCCGTTTGCCGGTCGTGGGCGGCATGGTGCAAGTTGAATAACCGGAAATGGTTTCCCGCAGAA
CCTGAAGATGTTCGCGATTATCTTCTATATCTTCAGGCGCGCGGTCTGGCAGTAAAAACTATCCAGCAA
CATTTGGGCCAGCTAAACATGCTTCATCGTCGGTCCGGGCTGCCACGACCAAGTGACAGCAATGCTGT
TTCACTGGTTATGCGGCGTATCCGAAAAGAAAACGTTGATGCCGGTGAACGTGCAAAACAGGCTCTAG
CGTTCGAACGCACTGATTTCGACCAGGTTCGTTCACTCATGGAAAATAGCGATCGCTGCCAGGATATA
CGTAATCTGGCATTTCTGGGGATTGCTTATAACACCCTGTTACGTATAGCCGAAATTGCCAGGATCAGG
GTTAAAGATATCTCACGTACTGACGGTGGGAGAATGTTAATCCATATTGGCAGAACGAAAACGCTGGT
TAGCACCGCAGGTGTAGAGAAGGCACTTAGCCTGGGGGTAACTAAACTGGTCGAGCGATGGATTTCCG
TCTCTGGTGTAGCTGATGATCCGAATAACTACCTGTTTTGCCGGGTCAGAAAAAATGGTGTTGCCGCGC
CATCTGCCACCAGCCAGCTATCAACTCGCGCCCTGGAAGGGATTTTTGAAGCAACTCATCGATTGATTT
ACGGCGCTAAGGATGACTCTGGTCAGAGATACCTGGCCTGGTCTGGACACAGTGCCCGTGTCGGAGCC
GCGCGAGATATGGCCCGCGCTGGAGTTTCAATACCGGAGATCATGCAAGCTGGTGGCTGGACCAATGT
AAATATTGTCATGAACTATATCCGTAACCTGGATAGTGAAACAGGGGCAATGGTGCGCCTGCTGGAAG
ATGGCGACGGCGGATCCCATCACCACCACCATCAC (SEQ ID NO: 263)
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[00186] (+36)GFP-Cre-6xHis (+36 GFP double-underlined; 6xHis tag underlined):

MGASKGERL FRGKVPI LVEL KEDVNGHKFSYRGKGKGDATRGKLTLKFI CTTGKLPVPWPTLVITLTYGVY
QCFSRYPKHVKRHDFFKSAMPKGYVQERTI  SFKKDGKYKTRAEVKFEGRTLVNRI KLKGRDFKEKGNI LG
HKLRYNFNSHKVYI TADKRKNG KAKFKI RHNVKDGSVQLADHYQONTPI GRGPVLLPRNHYLSTRSKLS
KDPKEKRDHWLLEFVTAAG KHGRDERYKT GGSGGEGCESGESEESCESGEEGCESGGTASNLL TVHONL P
AL PVDAT SDEVRKNL MDM-RDRQAFSEHTVKM. L SVCRSWAAWCKL NNRKWFPAEPEDVRDYL L YL QARG
LAVKTI QQHL GQLNMLHRRSGL PRPSDSNAVSLVVRRI RKENVDAGERAKQAL AFERT DFDQVRSL MENS
DRCQDI RNLAFLG AYNTLLRI AEI ARl RVKDI SRTDGGRMLI HI GRTKTLVSTAGVEKALSLGVTKLVE
RW SVSGVADDPNNYLFCRVRKNGVAAPSATSQLSTRALEG FEATHRLI YGAKDDSGORYLAWSGHSAR

VGAARDVARAGVSI PEI MQAGGAWTNVNI VIMNYI RNL DSETGAMVRL LEDGDGGS HHHHHH (SEQ 1D
NO:33)

[00187] (-30)GFP-Cre-6xHis (-30 GFP double-underlined; 6xHis tag underlined):

MGASKGEEL FDGWPI LVEL DGDVNGHEFSVRGEGEGDATEGEL TLKFI CTTGELPVPWPTLVTTLTYGV
QCFSDYPDHVDCOHDFFKSAMPEGYVQERTI  SFKDDGT YKTRAEVKFEGDTLVNRI ELKG  DFKEDGNI LG
HKLEYNFNSHDVYI TADKCQENG KAEFEI RHNVEDGSVQLADHYQONTPI GDGPVLLPDDHYLSTESALS
KDPNEDRDHWLLEFVTAAG DHGVDEL YKT GGSGGEGESGESEESCESGEEGCESGGTASNLL TVHONL P
AL PVDAT SDEVRKNL MDM-RDRQAFSEHTVKM. L SVCRSWAAWCKL NNRKWFPAEPEDVRDYL L YL QARG
LAVKT! QQHL GQLNMLHRRSGL PRPSDSNAVSLVVRRI RKENVDAGERAKQAL AFERT DFDQVRSL MENS
DRCQDI RNLAFLG AYNTLLRI AETARI RVKDI SRTDGGRMLI HI GRTKTLVSTAGVEKALSLGVTKLVE
RW SVSGVADDPNNYL FCRVRKNGVAAPSATSQLSTRALEG FEATHRLI YGAKDDSGORYLAWSGHSAR

VGAARDVARAGVSI PEI MQAGGWINVNI VIVNY | RNL DSETGAMVRL L EDGDGGS HHHHHH (SEQ 1D
NO:34)

ATGGGTGCTAGCAAAGGTGAAGAGCTGTTTGACGGTGTAGTACCGATCTTAGTGGAATTAGACGGCGA
CGTGAACGGTCACGAATTTAGCGTGCGCGGCGAGGGCGAAGGTGACGCTACCGAGGGTGAATTGACC
CTGAAGTTTATTTGCACAACAGGCGAATTACCCGTTCCGTGGCCCACCTTAGTGACCACCCTGACCTAT
GGCGTTCAGTGCTTCAGTGATTACCCAGATCATATGGATCAACACGATTTTTTCAAATCAGCCATGCCT
GAAGGATATGTTCAAGAGCGTACAATCAGCTTCAAGGACGATGGCACCTATAAAACGCGTGCGGAAG
TGAAATTTGAAGGCGACACATTAGTAAACCGTATCGAACTGAAAGGTATCGACTTCAAAGAAGACGG
CAACATTTTAGGCCATAAGCTGGAATATAACTTTAATTCTCATGACGTGTATATTACGGCCGATAAACA
GGAAAACGGTATCAAGGCAGAATTTGAAATTCGCCATAACGTGGAGGACGGCAGCGTTCAATTAGCG
GATCATTATCAACAAAACACGCCGATTGGTGATGGGCCTGTACTGTTACCTGACGATCACTACCTGAG
CACGGAGTCAGCCCTGAGCAAAGATCCGAACGAAGACCGCGATCACATGGTTCTGTTAGAATTCGTGA
CCGCTGCAGGCATTGATCATGGAATGGACGAGCTGTACAAGACCGGTGGTAGCGGTGGTTCTGGTGGT
TCTGGTGGTAGCGGCGGTAGCGGTGGTAGCGGTGGTAGCGGTGGCAGCGGCGGTACCGCGAGCAATT
TACTGACCGTACACCAAAATTTGCCTGCATTGCCGGTCGATGCAACGAGTGATGAGGTTCGCAAGAAC
CTGATGGACATGTTCAGGGATCGCCAGGCGTTTTCTGAGCATACCTGGAAAATGCTTCTGTCCGTTTGC
CGGTCGTGGGCGGCATGGTGCAAGTTGAATAACCGGAAATGGTTTCCCGCAGAACCTGAAGATGTTCG
CGATTATCTTCTATATCTTCAGGCGCGCGGTCTGGCAGTAAAAACTATCCAGCAACATTTGGGCCAGCT
AAACATGCTTCATCGTCGGTCCGGGCTGCCACGACCAAGTGACAGCAATGCTGTTTCACTGGTTATGC
GGCGTATCCGAAAAGAAAACGTTGATGCCGGTGAACGTGCAAAACAGGCTCTAGCGTTCGAACGCAC
TGATTTCGACCAGGTTCGTTCACTCATGGAAAATAGCGATCGCTGCCAGGATATACGTAATCTGGCATT
TCTGGGGATTGCTTATAACACCCTGTTACGTATAGCCGAAATTGCCAGGATCAGGGTTAAAGATATCT
CACGTACTGACGGTGGGAGAATGTTAATCCATATTGGCAGAACGAAAACGCTGGTTAGCACCGCAGGT
GTAGAGAAGGCACTTAGCCTGGGGGTAACTAAACTGGTCGAGCGATGGATTTCCGTCTCTGGTGTAGC
TGATGATCCGAATAACTACCTGTTTTGCCGGGTCAGAAAAAATGGTGTTGCCGCGCCATCTGCCACCA
GCCAGCTATCAACTCGCGCCCTGGAAGGGATTTTTGAAGCAACTCATCGATTGATTTACGGCGCTAAG
GATGACTCTGGTCAGAGATACCTGGCCTGGTCTGGACACAGTGCCCGTGTCGGAGCCGCGCGAGATAT
GGCCCGCGCTGGAGTTTCAATACCGGAGATCATGCAAGCTGGTGGCTGGACCAATGTAAATATTGTCA
TGAACTATATCCGTAACCTGGATAGTGAAACAGGGGCAATGGTGCGCCTGCTGGAAGATGGCGACGG
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CGGATCCCATCACCACCACCATCAC (SEQID NO: 264)

[00188] (-7)GFP-Cre-6xHLs:

MGA SK GEEL FTGWPILVELDGDVNGHKFSVRGEGEGDATNGKLTLKFICTTGKLPVPWPTLVTTLTYGV
QCFSRY PDHMKQHDFFK SAMPEGY VQERTISFKDDGTY K TRAEVKFEGDTLVNRIELK GIDFK EDGNILGH
KLEYNFNSHNVY I TADKQKNGIKANFKIRHNVEDGSVQLADHY QQNTPIGDGPVLLPDNHYLSTQSALSKD
PNEKRDHMVLLEFVTAAGITHGMDEL Y K TGGSGGSGGSGGSGGSGGSGGSGGSGGTASNLLTVHONLPAL
PVDATSDEVRKNLMDMFRDRQAFSEHTWKMLLSVCRSWAAWCKLNNRKWFPAEPEDVRDYLLYLQAR
GLAVKTIQQHLGQLNMLHRRSGLPRPSDSNAV SLVMRRIRKENVDAGERAK QALAFERTDFDQVRSLMEN
SDRCQDIRNLAFLGIAYNTLLRIAEIARIRVKDISRTDGGRMLIHIGRTKTLVSTAGVEKALSLGVTKLVERW
IS\"\SGVADDPNNY LFCRVRKNGVAAPSATSQLSTRALEGIFEATHRLIY GAKDDSGQRY LAWSGHSARG
AARDMARAGV SIPEIMQAGGWTmIVMNY IRNLDSETGAMVRLLEDGDGGSHHHHHH ~ (SEQ ID NO:
265)

ATGGGTGCTAGCAAAGGTGAAGAGCTGTTTACGGGTGTAGTACCGATCTTAGTGGAATTAGACGGCGA
CGTGAACGGTCACAAATTTAGCGTGCGCGGCGAAGGCGAAGGTGACGCTACCAATGGTAAATTGACC
CTGAAGTTTATTTGCACAACAGGCAAATTACCCGTTCCGTGGCCCACCTTAGTGACCACCCTGACCTAT
GGCGTTCAGTGCTTCAGTCGTTACCCAGATCATATGAAACAACACGATTTTTTCAAATCAGCCATGCCT
GAAGGATATGTTCAAGAGCGTACAATCAGCTTCAAGGACGATGGCACCTATAAAACGCGTGCGGAAG
TGAAATTTGAAGGCGACACATTAGTAAACCGTATCGAACTGAAAGGTATCGACTTCAAAGAAGACGG
CAACATTTTAGGCCATAAGCTGGAATATAACTTTAATTCTCATAACGTGTATATTACGGCCGATAAACA
GAAAAACGGTATCAAGGCAAATTTCAAAATTCGCCATAACGTGGAAGACGGCAGCGTTCAATTAGCG
GATCATTATCAACAAAACACGCCGATTGGTGACGGGCCTGTACTGTTACCTGACAACCACTACCTGAG
CACCCAGTCAGCACTGAGCAAAGATCCGAACGAAAAACGCGATCACATGGTTCTGTTAGAATTCGTGA
CCGCTGCAGGCATTACTCACGGAATGGACGAACTCTACAAGACCGGTGGTAGCGGTGGTTCTGGTGGT
TCTGGTGGTAGCGGCGGTAGCGGTGGTAGCGGTGGTAGCGGTGGCAGCGGCGGTACCGCGAGCAATT
TACTGACCGTACACCAAAATTTGCCTGCATTGCCGGTCGATGCAACGAGTGATGAGGTTCGCAAGAAC
CTGATGGACATGTTCAGGGATCGCCAGGCGTTTTCTGAGCATACCTGGAAAATGCTTCTGTCCGTTTGC
CGGTCGTGGGCGGCATGGTGCAAGTTGAATAACCGGAAATGGTTTCCCGCAGAACCTGAAGATGTTCG
CGATTATCTTCTATATCTTCAGGCGCGCGGTCTGGCAGTAAAAACTATCCAGCAACATTTGGGCCAGCT
AAACATGCTTCATCGTCGGTCCGGGCTGCCACGACCAAGTGACAGCAATGCTGTTTCACTGGTTATGC
GGCGTATCCGAAAAGAAAACGTTGATGCCGGTGAACGTGCAAAACAGGCTCTAGCGTTCGAACGCAC
TGATTTCGACCAGGTTCGTTCACTCATGGAAAATAGCGATCGCTGCCAGGATATACGTAATCTGGCATT
TCTGGGGATTGCTTATAACACCCTGTTACGTATAGCCGAAATTGCCAGGATCAGGGTTAAAGATATCT
CACGTACTGACGGTGGGAGAATGTTAATCCATATTGGCAGAACGAAAACGCTGGTTAGCACCGCAGGT
GTAGAGAAGGCACTTAGCCTGGGGGTAACTAAACTGGTCGAGCGATGGATTTCCGTCTCTGGTGTAGC
TGATGATCCGAATAACTACCTGTTTTGCCGGGTCAGAAAAAATGGTGTTGCCGCGCCATCTGCCACCA
GCCAGCTATCAACTCGCGCCCTGGAAGGGATTTTTGAAGCAACTCATCGATTGATTTACGGCGCTAAG
GATGACTCTGGTCAGAGATACCTGGCCTGGTCTGGACACAGTGCCCGTGTCGGAGCCGCGCGAGATAT
GGCCCGCGCTGGAGTTTCAATACCGGAGATCATGCAAGCTGGTGGCTGGACCAATGTAAATATTGTCA
TGAACTATATCCGTAACCTGGATAGTGAAACAGGGGCAATGGTGCGCCTGCTGGAAGATGGCGACGG
CGGATCCCATCACCACCACCATCAC (SEQ ID NO:266)

[00189] (-20)GFP-Cre-6xHis:

MGA SK GEELFTGWPILVELDGDVNGHKFSVRGEGEGDATNGKL TLKFICTTGKLPVPWPTLVTTLTY GV
QCFSRY PDHMDQHDFFK SAMPEGYVQERTISFKDDGTYK TRAEVK FEGDTLVNRIELK GIDFKEDGNILGH
KLEYNFNSHDVY I TADK QENGIK AEFEIRHNVEDGSVQLADHY QQNTPIGDGPVLLPDDHY LSTESALSKD
PNEDRDHMVLLEFVTAAGIDHGMDEL Y K TGGSGGSGGSGGSGGSGGSGGSGGSGGTASNLL TVHQNLPA
LPVDATSDEVRKNLMDMFRDRQAFSEHTWKMLLSVCRSWAAWCKLNNRKWFPAEPEDVRDYLLYLQAR
GLAVKTIQQHLGQLNMLHRRSGLPRPSDSNAV SLVMRRIRKENVDAGERAK QALAFERTDFDQVRSLMEN
SDRCQDIRNLAFLGIAYNTLLRIAEIARIRVKDISRTDGGRMLIHIGRTKTLVSTAGVEKALSLGVTKLVERW
ISV SGVADDPNNY LFCRVRKNGVAAPSATSQL STRALEGIFEATHRLIY GAKDDSGQRY LAWSGHSARVG
AARDMARAGYV SIPEIMQAGGWTNVNIVMNY IRNLDSETGAMVRLLEDGDGGSHHHHHH ~ (SEQ ID
NO:267)
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ATGGGTGCTAGCAAAGGTGAAGAGCTGTTTACGGGTGTAGTACCGATCTTAGTGGAATTAGACGGCGA
CGTGAACGGTCACAAATTTAGCGTGCGCGGCGAAGGCGAAGGTGACGCTACCAATGGTAAATTGACC
CTGAAGTTTATTTGCACAACAGGCAAATTACCCGTTCCGTGGCCCACCTTAGTGACCACCCTGACCTAT
GGCGTTCAGTGCTTCAGTCGTTACCCAGATCATATGGATCAACACGATTTTTTCAAATCAGCCATGCCT
GAAGGATATGTTCAAGAGCGTACAATCAGCTTCAAGGACGATGGCACCTATAAAACGCGTGCGGAAG
TGAAATTTGAAGGCGACACATTAGTAAACCGTATCGAACTGAAAGGTATCGACTTCAAAGAAGACGG
CAACATTTTAGGCCATAAGCTGGAATATAACTTTAATTCTCATGACGTGTATATTACGGCCGATAAACA
GGAAAACGGTATCAAGGCAGAATTTGAAATTCGCCATAACGTGGAGGACGGCAGCGTTCAATTAGCG
GATCATTATCAACAAAACACGCCGATTGGTGATGGGCCTGTACTGTTACCTGACGATCACTACCTGAG
CACGGAGTCAGCCCTGAGCAAAGATCCGAACGAAGACCGCGATCACATGGTTCTGTTAGAATTCGTGA
CCGCTGCAGGCATTGATCATGGAATGGACGAGCTGTACAAGACCGGTGGTAGCGGTGGTTCTGGTGGT
TCTGGTGGTAGCGGCGGTAGCGGTGGTAGCGGTGGTAGCGGTGGCAGCGGCGGTACCGCGAGCAATT
TACTGACCGTACACCAAAATTTGCCTGCATTGCCGGTCGATGCAACGAGTGATGAGGTTCGCAAGAAC
CTGATGGACATGTTCAGGGATCGCCAGGCGTTTTCTGAGCATACCTGGAAAATGCTTCTGTCCGTTTGC
CGGTCGTGGGCGGCATGGTGCAAGTTGAATAACCGGAAATGGTTTCCCGCAGAACCTGAAGATGTTCG
CGATTATCTTCTATATCTTCAGGCGCGCGGTCTGGCAGTAAAAACTATCCAGCAACATTTGGGCCAGCT
AAACATGCTTCATCGTCGGTCCGGGCTGCCACGACCAAGTGACAGCAATGCTGTTTCACTGGTTATGC
GGCGTATCCGAAAAGAAAACGTTGATGCCGGTGAACGTGCAAAACAGGCTCTAGCGTTCGAACGCAC
TGATTTCGACCAGGTTCGTTCACTCATGGAAAATAGCGATCGCTGCCAGGATATACGTAATCTGGCATT
TCTGGGGATTGCTTATAACACCCTGTTACGTATAGCCGAAATTGCCAGGATCAGGGTTAAAGATATCT
CACGTACTGACGGTGGGAGAATGTTAATCCATATTGGCAGAACGAAAACGCTGGTTAGCACCGCAGGT
GTAGAGAAGGCACTTAGCCTGGGGGTAACTAAACTGGTCGAGCGATGGATTTCCGTCTCTGGTGTAGC
TGATGATCCGAATAACTACCTGTTTTGCCGGGTCAGAAAAAATGGTGTTGCCGCGCCATCTGCCACCA
GCCAGCTATCAACTCGCGCCCTGGAAGGGATTTTTGAAGCAACTCATCGATTGATTTACGGCGCTAAG
GATGACTCTGGTCAGAGATACCTGGCCTGGTCTGGACACAGTGCCCGTGTCGGAGCCGCGCGAGATAT
GGCCCGCGCTGGAGTTTCAATACCGGAGATCATGCAAGCTGGTGGCTGGACCAATGTAAATATTGTCA
TGAACTATATCCGTAACCTGGATAGTGAAACAGGGGCAATGGTGCGCCTGCTGGAAGATGGCGACGG
CGGATCCCATCACCACCACCATCAC (SEQ ID NO:268)

[00190] (+36)GFP-PPARyY-TALE-2 (+36 GFP double-underlined; 6xHis tag underlined):

MGASKGERL FRGKVPI LVEL KGDVNGHKFSVRGKGKGDATRGKL TLKFI CTTGKLPVPWPTLVTTLTYGV
QCF SRYPKHVKRHDFFKSAMPKGYVQERTI SFKKDGKYKTRAEVKFEGRTLVNRI KLKGRDFKEKGNI LG
HKLRYNENSHKVYI TADKRKNG KAKFKI RHNVKDGSVOLADHYOONT Pl GRGPVLLPRNHYLSTRSKLS
KDPKEKRDHWLLEFVTAAG KHGRDERYKT GGSGGSGGSGGSGESGESGESGGSGGTAPKKKRKVG HR
GVPMDLRTL GYSQQQQEKI KPKVRSTVAQHHEAL VGHGFTHAHI VAL SQHPAAL GTVAVKYQDM AALP
EATHEAI VGVGKQABGARAL EAL L TVAGEL RGPPL QL DTGQLLKI AKRGGVTAVEAVHAVWRNAL TGAPLN
L TPDQVVAI ASNI GGKQAL ETVQRL L PVL CQDHGL TPEQVVAI ASNI GGKQAL ETVQRLLPVLCQAHGLT
PDQVVAI ASNGGGKQAL ETVQRL L PVL CQAHGL TPAQVVAI ANNNGGKQAL ETVQRL L PVLCQDHGLTPD
QWAI ASNGGGKQAL ETVQRL L PVL CQDHGL TPEQUVAI ASNI GGKQAL ETVQRL L PVL CQAHGL TPDQV
VAl ASHDGGKQAL ETVQRL L PVLCQAHGL TPAQWWAI ASHDGGKQAL ETVQRL L PVL CQDHGL TPDQUWVA
| ASNI GGKQAL ETVQRL L PVL CQDHGL TPEQUVVAI ASNI GGKQAL ETVQRL L PVL CQAHGL TPDQWAI A
NNNGGKQAL ETVQRL L PVL CQAHGL TPAQUVAI ASNGGGKQAL ETVQRL L PVL CQDHGL TPDQVVAI ASH
DGGKQAL ETVQRL L PVL CQDHGL TPEQWWAI ASNGGGKQAL ETVQRL L PVL CQAHGL TPDQUVAI ASNGG
GKQALETVQRL L PVL CQAHGL TPAQVVAI ANNNGGKQAL ETVQRL L PVL CQDHGL TPDQWAI ASHDGGK
QAL ETVQRL L PVL CQDHGL TPEQVVAI ASHDGGKQAL ETVQRL L PVLCQAHGL TPEQVVAI ASNI GGRPA
LESI VAQL SRPDPAL AAL TNDHL VAL ACL GGRPAL DAVKKGL PHAPAL | KRTNRRI  PERTSHRVADHAQV
VRVL GFFQCHSHPAQAF DDAMT QF GVBGGGSGRADAL DDFDL DV GSDAL DDFDL DM GSDAL DDFDL DM

L GSDAL DDFDL DM HHHHHH (SEQ 1D NO:36)

[00191] (+36)GFP-PRDM16_TAL E-3(+36 GFP double-underlined; 6xHis tag
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underlined):
MGASKGERL FRGKVPI LVEL KGDVNGHKFSVRGKGKGDATRGKLTLKFI CTTGKLPVPWPTLVITLTYGV

QCFSRYPKHVKRHDFFKSAMPKGYVQERTI SFKKDGKYKTRAEVKFEGRTLVNRI KLKGRDFKEKGNI LG

HKLRYNENSHKVYI TADKRKNG KAKFKI RHNVKDGSVOLADHYQONT Pl GRGPVLLPRNHYLSTRSKLS
KDPKEKRDHWLLEFVTAAG KHGRDERYKT GGSGGSGGSGGSGESGESGESGESGGTAPKKKRKVG HR
GVPMDLRTL GYSQQQQEKI KPKVRSTVAQHHEAL VGHGFTHAHI VAL SQHPAAL GTVAVKYQDM AALP
EATHEAI VGVGKQABGARAL EAL L TVAGEL RGPPL QL DTGQLLKI AKRGGVTAVEAVHAVWRNAL TGAPLN
L TPDQVVAI ASNGGGKQAL ETVQRL L PVL CQDHGL TPEQVVAI ANNNGGKQAL ETVQRLLPVLCQAHGLT
PDQVVAI ANNNGGKQAL ETVQRL L PVL CQAHGL TPAQVVAI ASHDGGKQAL ETVQRL L PVL CQDHGLTPD
QWAI ASHDGGKQAL ETVQRL L PVL CQDHGL TPEQUVAI ASHDGGKQAL ETVQRL L PVL CQAHGL TPDQV
VAl ASHDGGKQAL ETVQRL L PVL CQAHGL TPAQVWAI ANNNGGKQAL ETVQRL L PVL CQDHGL TPDQUWVA
| ANNNGGKQAL ETVQRL L PVL CQDHGL TPEQUVVAI ASHDGGKQAL ETVQRL L PVL CQAHGL TPDQWAI A
NNNGGKQAL ETVQRL L PVL CQAHGL TPAQUVAI ASNI GGKQAL ETVQRL L PVL CQDHGL TPDQVVAI ANN
NGGKQAL ETVQRL L PVL CQDHGL TPEQVWAI ANNNGGKQAL ETVQRL L PVL CQAHGL TPDQUVAI ANNNG
GKQALETVQRL L PVL CQAHGL TPAQVVAI ANNNGGKQAL ETVQRL L PVL CQDHGL TPDQWAI ASNGGGK
QAL ETVQRL L PVL CQDHGL TPEQVVAI ANNNGGKQAL ETVQRL L PVL CQAHGL TPEQVVAI ASNGGGRPA
LESI VAQL SRPDPALAAL TNDHL VAL ACL GGRPAL DAVKKGL PHAPAL | KRTNRRI  PERTSHRVADHAQV
VRVL GFFQCHSHPAQAF DDAMT QF GVBGGGSGRADAL DDFDL DV GSDAL DDFDL DM GSDAL DDFDL DM

L GSDAL DDFDL DM HHHHHH (SEQ ID NO:37)

[00192] (-30)GFP-PPARy-TALE-2 (-30 GFP double-underlined; 6xHis tag underlined):
MGASKGEEL FDGAWPI LVEL DGDVNGHEFSVRGEGEGDATEGEL TLKFI CTTGELPVPWPTLVTTLTYGV

QCFSDYPDHVDOHDFFKSAMPEGYVQERTI SFKDDGT YKTRAEVKFEGDTLVNRI ELKG DFKEDGNI LG

HKLEYNFNSHDVY! TADKQENG KAEFEI RHNVEDGSVOLADHYQONT Pl GDGPVLLPDDHYLSTESALS
KDPNEDRDHWLLEFVTAAG DHGVDEL YK APKKKRKVG HRGVPMVDLRTL GYSQQQQEKI KPKVRSTV
AQHHEAL VGHGFTHAHI VAL SQHPAAL GTVAVKYQDM  AAL PEATHEAI VGVGKQWEGARAL EALLTVAG
ELRGPPLQLDTGQLLKI AKRGGVTAVEAVHAVRNAL TGAPLNL TPDQVVAI ASNI GGKQALETVQRLLPV
L CQDHGL TPEQVVAI ASNI GGKQAL ETVQRL L PVL CQAHGL TPDQVVAI ASNGGGKQALETVQRLLPVLC
QAHGL TPAQUVVAI ANNNGGKQAL ETVQRL L PVL CQDHGL TPDQVVAI ASNGGGKQAL ETVQRLLPVLCQD
HGL TPEQVVAI ASNI GGKQAL ETVQRL L PVL CQAHGL TPDQVVAI ASHDGGKQAL ETVQRLLPVLCQAHG
LTPAQUVAI ASHDGGKQAL ETVQRL L PVL CQDHGL TPDQVVAI ASNI GGKQAL ETVQRLLPVLCQDHGLT
PEQUVAI ASNI GGKQAL ETVQRL L PVL CQAHGL TPDQVVAI ANNNGGKQAL ETVQRL L PVLCQAHGLTPA

QWAI ASNGGGKQAL ETVQRL L PVL CQDHGL TPDQUVAI ASHDGGKQAL ETVQRL L PVL CQDHGL TPEQV
VAl ASNGGGKQAL ETVQRL L PVLCQAHGL TPDQVWAI ASNGGGKQAL ETVQRL L PVL CQAHGL TPAQWA

| ANNNGGKQAL ETVQRL L PVL CQDHGL TPDQVVAI ASHDGGKQAL ETVQRL L PVL CQDHGL TPEQUWAI A
SHDGGKQAL ETVQRL L PVL CQAHGL TPEQUVAI ASNI GGRPALES! VAQL SRPDPALAAL TNDHLVALAC

L GGRPALDAVKKG.PHAPALI KRTNRRI PERT SHRVADHAQVVRVL G-FFQCHSHPAQAFDDAMI QFGVSG
GGSGRADAL DDFDL DM_GSDAL DDFDL DM_GSDAL DDFDL DM_GSDAL DDFDLDM.. HHHHHH (SEQ ID
NO:38)

[00193] (-30)GFP-PRDM16_TALE-3(-30 GFP double-underlined; 6xHis tag underlined):

MGASKGEEL FDOWP! LVEL DGDVNGHEFSVRGEGEGDATEGEL TLKFI CTTGELPVPWPTLVTTLTYGV
QCF SDYPDHVDOHDFFKSAMPEGYVQERTI SFKDDGT YKTRAEVKFEGDTLVNRI ELKG DFKEDGNI LG
HKLEYNFNSHDVY! TADKQENG KAEFEI RHNVEDGSVOLADHYQONT Pl GDGPVLLPDDHYLSTESALS
KDPNEDRDHWLLEFVTAAG DHGVDEL YK APKKKRKVG HRGVPMVDLRTL GYSQQQQEKI KPKVRSTV
AQHHEAL VGHGFTHAHI VAL SQHPAAL GTVAVKYQDM  AAL PEATHEAI VGVGKQWEGARAL EALLTVAG
ELRGPPLQLDTGQLLKI AKRGGVTAVEAVHAVRNAL TGAPL NL TPDQVVAI ASNGGGKQALETVQRLLPV
L CQDHGL TPEQVVAI ANNNGGKQAL ETVQRL L PVL CQAHGL TPDQVVAI ANNNGGKQALETVQRLLPVLC
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QAHGL TPAQVVAI ASHDGGKQAL ETVQRL L PVL CQDHGL TPDQUVAI ASHDGGKQAL ETVQRLLPVLCQD
HGL TPEQVVAI ASHDGGKQAL ETVQRL L PVL CQAHGL TPDQVWAI ASHDGGKQAL ETVQRL L PVL CQAHG

LTPAQUWAI ANNNGGKQAL ETVQRL L PVL CQDHGL TPDQVVAI ANNNGGKQAL ETVQRL L PVL CQDHGLT
PEQUVAI ASHDGGKQAL ETVQRL L PVL CQAHGL TPDQVWAI ANNNGGKQAL ETVQRL L PVL CQAHGL TPA

QWAI ASNI GGKQAL ETVQRL L PVL CQDHGL TPDQVVAI ANNNGGKQAL ETVQRL L PVL CQDHGL TPEQV
VAl ANNNGGKQAL ETVQRL L PVL CQAHGL TPDQVVAI ANNNGGKQAL ETVQRL L PVL CQAHGL TPAQWA

| ANNNGGKQAL ETVQRL L PVL CQDHGL TPDQVVAI ASNGGGKQAL ETVQRL L PVL CQDHGL TPEQWVAI A
NNNGGKQAL ETVQRL L PVL CQAHGL TPEQVWAI ASNGGGRPALES| VAQL SRPDPALAAL TNDHLVALAC

L GGRPALDAVKKG.PHAPALI KRTNRRI PERT SHRVADHAQVVRVL G-FQCHSHPAQAFDDAMI QFGVEG
GGSGRADAL DDFDL DM.GSDAL DDFDL DM GSDAL DDFDL DM_GSDAL DDFDLDM.  HHHHHH (SEQ ID
NO:39)

[00194] (-30)GFP:

MGASKGEEL FDGWPI L VEL DCDVNGHEFSVRGEGEGDATEGEL TLKFI CTTGELPVPWPTLVTTLTYGV
QCFSDYPDHVDOHDFFKSAMPEGYVQERT! SFKDDGT YKTRAEVKFEGDTLVNRI ELKG DFKEDGNI LG
HKLEYNFNSHDVYI TADKQENG KAEFEI RHNVEDGSVQLADHYQONTPI GDGPVLLPDDHYLSTESALS

KDPNEDRDHWLLEFVTAAG DHGVDEL YK (SEQ 1D NO:40)

[00195] N-terminal TALE domain:

APKKKRKVG HRGVPMVDL RTL GYSQQQQEKI KPKVRSTVAQHHEALVGHGFTHAHI VAL SQHPAALGTV
AVKYQDM AALPEATHEAI VGVGKQOASGARAL EAL L TVAGELRGPPLQLDTGQLLKI AKRGGVTAVEAVH

AVRNALTGAPLNL (SEQ ID NO:41)

[00196] C-termina TALE domain:

LESTVAQLSRPDPALAAL TNDHL VAL ACLGGRPAL DAVKKGL PHAPAL| KRTNRRI PERTSHRVADHAQV
VRVL GFFQCHSHPAQAFDDAMI QFGVBGGGS (SEQ 1D NO:42)

[00197] VP64 activation domain:
GRADAL DDFDL DM GSDAL DDFDL DM.GSDAL DDFDL DM_GSDALDDFDLDM.  (SEQ ID NO:35)

Compositions d functional effector proteins and cationic polymers

[00198] Certain aspects of the disclosure relate to the use of cationic polymers for the
delivery of effector proteins {e.g., nucleases, transcriptional activators/repressors, recombinases,
Cas9 proteins including variants and fusions thereof, etc.), for example as opposed to delivering
"naked" protein preparations. Aswith cationic lipids, aspects of the present disclosure relate to
the recognition that anionic proteins or protein complexes (including those proteins associated
with nucleic acids) can take advantage of electrostatics-driven encapsulation by and/or
association with cationic polymers for delivery of functional effector proteins. While few

proteins natively possess the density of negative charges found in the phosphate backbone of
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nucleic acids, translational fusion to, or non-covalent association with, an anionic carrier such as
anegatively supercharged protein or anucleic acid as described herein render the resulting
effector protein or protein complex sufficiently anionic to drive efficient

encapsul ation/association of such protein cargoes by cationic polymers.

[00199] In some embodiments, association or fusion with an engineered supernegatively
charged GFP is capable of driving efficient encapsulation/association and delivery of proteins
into cultured mammalian cells by cationic polymers. In some embodiments, Cas9 protein
associated with polyanionic guide RNAs (QRNA) can be efficiently delivered in functional form
into mammalian cells using cationic polymers. Accordingly, in some embodiments, a
composition comprising a Cas9 protein and a cationic polymer is provided, wherein the Cas9
protein is associated with a gRNA, and the composition is capable of delivering the Cas9 protein
tothe interior of acell. In some embodiments, delivery of Cas9:gRNA complexes using cationic
polymers results in at least a 2-fold, 3-fold, 4-fold, 5-fold, 6-fold, 7-fold, 8-fold, 9-fold, 10-fold,
11-fold, 12-fold, 13-fold, 14-fold, 15-fold, 20-fold or 25-fold or higher on-target:off-target
modification ratio as compared with plasmid transfection of the Cas9 protein.

[00200] Accordingly, some aspects of the disclosure provide compositions comprising a
Cas9 protein (e.g., as described herein; see e.g., Cas9 effector proteins below) and a cationic
polymer capable of delivering the Cas9 protein to the interior of acell. In some embodiments,
the Cas9 protein is associated with a gRNA, which e.g., provides anionic charge to the complex
thereby allowing the Cas9:gRNA complex to be encapsulated and/or associated with the cationic
polymers. In some embodiments, the Cas9 protein need not be associated with a gRNA for
effective encapsulation by and/or association with a cationic lipid, but instead is associated with
anegatively supercharged protein, as described herein. In some embodiments where a Cas9
protein is associated with anegatively supercharged protein, the Cas9 protein is also associated
with agRNA. In some embodiments, the Cas9 protein is awild type Cas9 protein, a fragment of
awild type Cas9 protein, or avariant of awild type Cas9 protein. In some embodiments, the
Cas9 protein comprises adCas9 domain {e.g., as described herein). In some embodiments, the
Cas9 protein is afusion protein comprising a dCas9 domain {e.g., as described herein). In some
embodiments, the Cas9 protein is a Cas9 nickase.

[00201] In other embodiments, compositions comprising an effector protein {e.g., other

than a Cas9 protein) and a cationic polymer are provided which are capable of delivering the
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effector protein to the interior of acell (e.g., to the nucleus of the cell). The effector protein is
either naturally negatively charged, is modified to have anet overall negative charge, or is
associated with anegatively supercharged protein, as described herein. In some embodiments,
the effector protein is any effector protein described herein. In some embodiments, the effector
protein is arecombinase, e.g., any recombinase described herein. In some embodiments, the
recombinase is Cre recombinase. In some embodiments, the Cre recombinase comprises the
amino acid sequence of SEQ ID NO:32 (e.g., with or without the 6xHistag). In some
embodiments, the Cre recombinase comprises an amino acid sequence that is at least 80%, at
least 85%, at least 90%, at least 95%, at least 98%, or at least 99% identical to the amino acid
sequence of SEQ ID NO:32 (e.g., with or without the 6xHistag). In some embodiments, the Cre
recombinase is fused to a supercharged protein (e.g., +36 GFP or -30GFP). In some
embodiments, the Cre recombinase fused to a supercharged protein comprises the amino acid
sequence of SEQ ID NO:33 (e.g., with or without the 6xHistag) or SEQ ID NO:34 (e.g., with or
without the 6xHis tag), or comprises an amino acid sequencethat is at least 80%>, a least 85%, at
least 90%, at least 95%, at least 98%>, or at least 99% identical to the amino acid sequence of
SEQ ID NO:33 or SEQ ID NO:34 (e.g., with or without the 6xHis tag). In some embodiments,
the effector protein isa TALE protein, (e.g., as described herein including those provided in the
Examples). In some embodiments, the TALE protein comprises one or more of aV P64
transcriptional activator domain (e.g., SEQ ID NO:35). In some embodiments, the TALE protein
with a VP64 transcriptional activator domain further comprises an amino acid sequence selected
from the group consisting of SEQ ID NO:36-39 (e.g., with or without the 6xHistag). In some
embodiments, the TALE protein with aVVP64 transcriptional activator domain comprises an
amino acid sequence that is at least 80%>, a least 85%, at least 90%, at least 95%, at least 98%,
or a least 99% identical to an amino acid sequence selected from the group consisting of SEQ
ID NO:36-39 (e.g., with or without the 6xHis tag). In some embodiments, the TALE effector
protein comprises a (-30)GFP domain (e.g., SEQ ID NO:21 or SEQ ID NO:40), aN-termina
region of aTALE domain (e.g., SEQ ID NO:41), avariable repeat domain (e.g., an 18.5mer
repeat domain as provided in Maeder et a/., "Robust, synergistic regulation of human gene
expression using TALE activators." Nat. Methods. 2013; 10, 243-245), aC-terminal TALE
domain (e.g., SEQ ID NO:42), aVP64 activation domain (e.g., SEQ ID NO:35), and optionally
one or more linkers (e.g., GGS(9), SEQ ID NO: 252) between any domain and optionally a
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sequence tag (e.g., 6xHis, SEQ ID NO: 253).

[00202] In some embodiments, the compositions comprising a Cas9 protein or other
effector proteins described herein and a cationic polymer exhibit low toxicity when administered
to apopulation of cells (e.g., in vitro or in vivo). In some embodiments, at least 60%, a least
65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, a least 95%, or at |east
99% of the cellsin apopulation are viable following administration of an inventive composition
comprising a Cas9 protein or other effector protein and cationic polymers. Methods for
assessing the toxicity of a composition when administered to a population of cells are well

known in the art and include those described in the Examples.

Cas9 effector proteins

[00203] In some embodiments, effector proteins comprising a RNA-programmable protein
(or fragment or variant thereof) is delivered to atarget cell by a system or method provided
herein. In some embodiments, an RNA-guided or RNA-programmable nuclease is delivered to a
target cell by asystem or method provided herein. In some embodiments, the RNA-
programmable protein is a Cas9 nuclease, a Cas9 variant, or afusion of a Cas9 protein, which is
delivered to atarget cell by a system or method provided herein.

[00204] In some embodiments, the RNA-programmable nuclease is a (CRISPR-associated
system) Cas9 endonuclease, for example, Cas9 (Csnl) from Streptococcus pyogenes (see, e.g.,
"Complete genome sequence of an M| strain of Streptococcus pyogenes.” Ferretti J.J., McShan
W.M., Ajdic D.J., Savic D.J., Savic G., Lyon K., Primeaux C, Sezate S., Suvorov A.N., Kenton
S, La H.S, Lin SP., QianY., JaH.G., Ngar F.Z., Ren Q., Zhu H., Song L . expand/collapse
author list McLaughlin R.E., Proc. Natl. Acad. ci. U.SA. 98:4658-4663(2001); "CRISPR RNA
maturation by trans-encoded small RNA and host factor RNase 111." Deltcheva E., Chylinski K.,
Sharma CM., GonzalesK., Chao Y., Pirzada Z.A., Eckert M.R., Vogel J., Charpentier E.,
Nature 471 :602-607(201 1); and "A programmable dual-RNA-guided DNA endonuclease in
adaptive bacterial immunity.” Jinek M., Chylinski K., Fonfaral., Hauer M., Doudna JA.,
Charpentier E. Science 337:816-821(2012), the entire contents of each of which are incorporated
herein by reference. Because RNA-programmable nucleases (e.g., Cas9) use RNA:DNA
hybridization to determine target DNA cleavage sites, these proteins are able to cleave, in

principle, any sequence specified by the guide RNA. Methods of using RNA-programmable
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nucleases, such as Cas9, for site-specific cleavage (e.g., to modify a genome) are known in the
art (see e.g., Cong, L. et al. Multiplex genome engineering using CRISPR/Cas systems. Science
339, 819-823 (2013); Madli, P. et al. RNA-guided human genome engineering via Cas9. Science
339, 823-826 (2013); Hwang, W.Y. et al. Efficient genome editing in zebrafish using a CRISPR-
Cas system. Nature biotechnology 31, 227-229 (2013); Jinek, M. et al. RNA-programmed
genome editing in human cells. eLife 2, 00471 (2013); Dicarlo, JE. et al. Genome engineering
in Saccharomyces cerevisiae using CRISPR-Cas systems. Nucleic acids research (2013); Jiang,
W. et al. RNA-guided editing of bacterial genomes using CRISPR-Cas systems. Nature
biotechnology 31, 233-239 (2013); the entire contents of each of which are incorporated herein
by reference).

[00205] A Cas9 nuclease may aso bereferred to sometimes as a casnl nuclease or a
CRISPR (clustered regularly interspaced short palindromic repeat)-associated nuclease. CRISPR
is an adaptive immune system that provides protection against mobile genetic elements (viruses,
transposable elements and conjugative plasmids). CRISPR clusters contain spacers, sequences
complementary to antecedent mobile elements, and target invading nucleic acids. CRISPR
clusters are transcribed and processed into CRISPR RNA (crRNA). Intype Il CRISPR systems
correct processing of pre-crRNA requires atrans-encoded small RNA (tracrRNA), endogenous
ribonuclease 3 (rnc) and a Cas9 protein. The tracrRNA serves as a guide for ribonuclease 3-aided
processing of pre-crRNA. Subsequently, Cas9/crRNA/tracrRNA endonucleolyricaly cleaves
linear or circular dsDNA target complementary to the spacer. The target strand that is not
complementary to the crRNA isfirst cut endonucleolyrically, then trimmed 3'-5'
exonucleolytically. In nature, DNA-binding and cleavage typically requires protein and both
RNA. However, single guide RNAs ("sgRNA", or smply "gNRA") can be engineered so asto
incorporate aspects of both the crRNA and tracrRNA into asingle RNA species. See e.g., Jinek
M., Chylinski K., Fonfara |., Hauer M., Doudna J.A., Charpentier E. Science 337:816-821(2012),
the entire contents of which is hereby incorporated by reference. Cas9 recognizes a short motif
in the CRISPR repeat sequences (the PAM or protospacer adjacent motif) to help distinguish self
versus non-self. Cas9 nuclease sequences and structures are well known to those of skill in the
art (see, e.g., "Complete genome sequence of an M| strain of Streptococcuspyogenes.” Ferretti
JJ., McShan W.M., Ajdic D.J,, Savic D.J., Savic G., Lyon K., Primeaux C, Sezate S., Suvorov
AN., Kenton S, Lai H.S,, Lin SP, QianY., JaH.G., Ngar F.Z., Ren Q., ZhuH., Song L.
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expand/collapse author list McLaughlin R.E., Proc. Natl. Acad. Sci. U.SA. 98:4658-4663(2001);
"CRISPR RNA maturation by trans-encoded small RNA and host factor RNase I11." Deltcheva
E., Chylinski K., Sharma CM., Gonzales K., Chao Y., Pirzada Z.A., Eckert M.R., Vogel J.,
Charpentier E., Nature 471:602-607(201 1); and "A programmable dual-RNA-guided DNA
endonuclease in adaptive bacterial immunity.” Jinek M., Chylinski K., Fonfara |., Hauer M.,
Doudna JA., Charpentier E. Science 337:816-821(2012), the entire contents of each of which are
incorporated herein by reference).

[00206] Cas9 orthologs have been described in various species, including, but not limited
to, S.pyogenes and S. thermophilus. Additional suitable Cas9 nucleases and sequences will be
apparent to those of skill in the art based on this disclosure, and such Cas9 nucleases and
sequences include Cas9 sequences from the organisms and loci disclosed in Chylinski, Rhun,
and Charpentier, "The tracrRNA and Cas9 families of type Il CRISPR-Cas immunity systems'
(2013) RNA Biology 10:5, 726-737; the entire contents of which are incorporated herein by
reference. In some embodiments, proteins comprising Cas9 proteins or fragments thereof are
referred to as"Cas9 variants.” A Cas9 variant shares homology to Cas9, or afragment thereof.
For example, a Cas9 variant is at least about 70% identical, at least about 80% identical, at least
about 90% identical, at least about 95% identical, at least about 98% identical, at least about 99%
identical, at least about 99.5%> identical, or at least about 99.9%> to wild type Cas9. In some
embodiments, the Cas9 variant comprises afragment of Cas9 {e.g., agRNA binding domain or a
DNA-cleavage domain, an N-terminal domain or a C-terminal domain, etc.), such that the
fragment isat least about 70% identical, at least about 80% identical, at least about 90%
identical, at least about 95% identical, at least about 98% identical, at least about 99% identical,
a least about 99.5%> identical, or at least about 99.9%> to the corresponding fragment of wild type
Cas9. In some embodiments, wild type Cas9 corresponds to Cas9 from Streptococcus pyogenes
(NCBI Reference Sequence: NC 017053.1, SEQ ID NO:43 (nucleotide); SEQ ID NO:44 (amino
acid)). In some embodiments, a Cas9 protein has an inactive {e.g., an inactivated) DNA cleavage
domain. A nuclease-inactivated Cas9 protein may interchangeably bereferred to as a"dCas9"
protein (for nuclease "dead" Cas9). In some embodiments, dCas9 corresponds to, or comprises
in part or in whole, the amino acid set forth as SEQ ID NO:45, below. In some embodiments,
variants of dCas9 {e.g., variants of SEQ ID NO:45) are provided. For example, in some

embodiments, variants having mutations other than D10A and H840A are provided, which result
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in nuclease inactivated Cas9 (dCas9). Such mutations, by way of example, include other amino
acid substitutions at D10 and H840, or other substitutions within the nuclease domain of Cas9
(e.g., substitutions in the HNH nuclease subdomain and/or the RuvCl subdomain). In some
embodiments, variants or homologues of dCas9 (e.g., variants of SEQ ID NO:45) are provided
which are at least about 70% identical, at least about 80% identical, at least about 90% identical,
a least about 95% identical, at least about 98% identical, at least about 99% identical, at least
about 99.5% identical, or at least about 99.9% to SEQ ID NO:45. In some embodiments,
variants of dCas9 (e.g., variants of SEQ ID NO:45) are provided having amino acid sequences
which are shorter, or longer than SEQ ID NO:45, by about 5 amino acids, by about 10 amino
acids, by about 15 amino acids, by about 20 amino acids, by about 25 amino acids, by about 30
amino acids, by about 40 amino acids, by about 50 amino acids, by about 75 amino acids, by
about 100 amino acids, or more. In some embodiments, Cas9 "nickases' are provided which
comprise amutation which inactivates a single nuclease domain in Cas9. Such nickases induce a

single strand break in atarget nucleic acid as opposed to a double strand break.

[00207] Cas9

ATGGATAAGAAATACTCAATAGGCTTAGATATCGGCACAAATAGCGTCGGATGGGCGGTGATCACTGATGATTATAA
GGTTCCGTCTAAAAAGTTCAAGGTTCTGGGAAATACAGACCGCCACAGTATCAAAAAAAATCTTATAGGGGCTCTTT
TATTTGGCAGTGGAGAGACAGCGGAAGCGACTCGTCTCAAACGGACAGCTCGTAGAAGGTATACACGTCGGAAGAAT
CGTATTTGTTATCTACAGGAGATTTTTTCAAATGAGATGGCGAAAGTAGATGATAGTTTCTTTCATCGACTTGAAGA
GTCTTTTTTGGTGGAAGAAGACAAGAAGCATGAACGTCATCCTATTTTTGGAAATATAGTAGATGAAGTTGCTTATC
ATGAGAAATATCCAACTATCTATCATCTGCGAAAAAAATTGGCAGATTCTACTGATAAAGCGGATTTGCGCTTAATC
TATTTGGCCTTAGCGCATATGATTAAGTTTCGTGGTCATTTTTTGATTGAGGGAGATTTAAATCCTGATAATAGTGA
TGTGGACAAACTATTTATCCAGTTGGTACAAATCTACAATCAATTATTTGAAGAAAACCCTATTAACGCAAGTAGAG
TAGATGCTAAAGCGATTCTTTCTGCACGATTGAGTAAATCAAGACGATTAGAAAATCTCATTGCTCAGCTCCCCGGT
GAGAAGAGAAATGGCTTGTTTGGGAATCTCATTGCTTTGTCATTGGGATTGACCCCTAATTTTAAATCAAATTTTGA
TTTGGCAGAAGATGCTAAATTACAGCTTTCAAAAGATACTTACGATGATGATTTAGATAATTTATTGGCGCAAATTG
GAGATCAATATGCTGATTTGTTTTTGGCAGCTAAGAATTTATCAGATGCTATTTTACTTTCAGATATCCTAAGAGTA
AATAGTGAAATAACTAAGGCTCCCCTATCAGCTTCAATGATTAAGCGCTACGATGAACATCATCAAGACTTGACTCT
TTTAAAAGCTTTAGTTCGACAACAACTTCCAGAAAAGTATAAAGAAATCTTTTTTGATCAATCAAAAAACGGATATG
CAGGTTATATTGATGGGGGAGCTAGCCAAGAAGAATTTTATAAATTTATCAAACCAATTTTAGAAAAAATGGATGGT
ACTGAGGAATTATTGGTGAAACTAAATCGTGAAGATTTGCTGCGCAAGCAACGGACCTTTGACAACGGCTCTATTCC
CCATCAAATTCACTTGGGTGAGCTGCATGCTATTTTGAGAAGACAAGAAGACTTTTATCCATTTTTAAAAGACAATC
GTGAGAAGATTGAAAAAATCTTGACTTTTCGAATTCCTTATTATGTTGGTCCATTGGCGCGTGGCAATAGTCGTTTT
GCATGGATGACTCGGAAGTCTGAAGAAACAATTACCCCATGGAATTTTGAAGAAGTTGTCGATAAAGGTGCTTCAGC
TCAATCATTTATTGAACGCATGACAAACTTTGATAAAAATCTTCCAAATGAAAAAGTACTACCAAAACATAGTTTGC
TTTATGAGTATTTTACGGTTTATAACGAATTGACAAAGGTCAAATATGTTACTGAGGGAATGCGAAAACCAGCATTT
CTTTCAGGTGAACAGAAGAAAGCCATTGTTGATTTACTCTT CAAAACAAATCGAAAAGTAACCGTTAAGCAATTAAA
AGAAGATTATTTCAAAAAAATAGAATGTTTTGATAGTGTTGAAATTTCAGGAGTTGAAGATAGATTTAATGCTTCAT
TAGGCGCCTACCATGATTTGCTAAAAATTATTAAAGATAAAGATTTTTTGGATAATGAAGAAAATGAAGATATCTTA
GAGGATATTGTTTTAACATTGACCTTATTTGAAGATAGGGGGATGATTGAGGAAAGACTTAAAACATATGCTCACCT
CTTTGATGATAAGGTGATGAAACAGCTTAAACGTCGCCGTTATACTGGTTGGGGACGTTTGTCTCGAAAATTGATTA
ATGGTATTAGGGATAAGCAATCTGGCAAAACAATATTAGATTTTTTGAAATCAGATGGTTTTGCCAATCGCAATTTT
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ATGCAGCTGATCCATGATGATAGTTTGACATTTAAAGAAGATATTCAAAAAGCACAGGTGTCTGGACAAGGCCATAG
TTTACATGAACAGATTGCTAACTTAGCTGGCAGTCCTGCTATTAAAAAAGGTATTTTACAGACTGTAAAAATTGTTG
ATGAACTGGTCAAAGTAATGGGGCATAAGCCAGAAAATATCGTTATTGAAATGGCACGTGAAAATCAGACAACTCAA
AAGGGCCAGAAAAATTCGCGAGAGCGTATGAAACGAATCGAAGAAGGTATCAAAGAATTAGGAAGTCAGATTCTTAA
AGAGCATCCTGTTGAAAATACTCAATTGCAAAATGAAAAGCTCTATCTCTATTATCTACAAAATGGAAGAGACATGT
ATGTGGACCAAGAATTAGATATTAATCGTTTAAGTGATTATGATGTCGATCACATTGTTCCACAAAGTTTCATTAAA
GACGATTCAATAGACAATAAGGTACTAACGCGTTCTGATAAAAATCGTGGTAAATCGGATAACGTTCCAAGTGAAGA
AGTAGTCAAAAAGATGAAAAACTATTGGAGACAACTTCTAAACGCCAAGTTAATCACTCAACGTAAGTTTGATAATT
TAACGAAAGCTGAACGTGGAGGTTTGAGTGAACTTGATAAAGCTGGTTTTATCAAACGCCAATTGGTTGAAACTCGC
CAAATCACTAAGCATGTGGCACAAATTTTGGATAGTCGCATGAATACTAAATACGATGAAAATGATAAACTTATTCG
AGAGGTTAAAGTGATTACCTTAAAATCTAAATTAGTTTCTGACTTCCGAAAAGATTTCCAATTCTATAAAGTACGTG
AGATTAACAATTACCATCATGCCCATGATGCGTATCTAAATGCCGTCGTTGGAACTGCTTTGATTAAGAAATATCCA
AAACTTGAATCGGAGTTTGTCTATGGTGATTATAAAGTTTATGATGTTCGTAAAATGATTGCTAAGTCTGAGCAAGA
AATAGGCAAAGCAACCGCAAAATATTTCTTTTACTCTAATATCATGAACTTCTTCAAAACAGAAATTACACTTGCAA
ATGGAGAGATTCGCAAACGCCCTCTAATCGAAACTAATGGGGAAACTGGAGAAATTGTCTGGGATAAAGGGCGAGAT
TTTGCCACAGTGCGCAAAGTATTGTCCATGCCCCAAGTCAATATTGTCAAGAAAACAGAAGTACAGACAGGCGGATT
CTCCAAGGAGTCAATTTTACCAAAAAGAAATTCGGACAAGCTTATTGCTCGTAAAAAAGACTGGGATCCAAAAAAAT
ATGGTGGTTTTGATAGTCCAACGGTAGCTTATTCAGTCCTAGTGGTTGCTAAGGTGGAAAAAGGGAAATCGAAGAAG
TTAAAATCCGTTAAAGAGTTACTAGGGATCACAATTATGGAAAGAAGTTCCTTTGAAAAAAATCCGATTGACTTTTT
AGAAGCTAAAGGATATAAGGAAGTTAAAAAAGACTTAATCATTAAACTACCTAAATATAGTCTTTTTGAGTTAGAAA
ACGGTCGTAAACGGATGCTGGCTAGTGCCGGAGAATTACAAAAAGGAAATGAGCTGGCTCTGCCAAGCAAATATGTG
AATTTTTTATATTTAGCTAGTCATTATGAAAAGTTGAAGGGTAGTCCAGAAGATAACGAACAAAAACAATTGTTTGT
GGAGCAGCATAAGCATTATTTAGATGAGATTATTGAGCAAATCAGTGAATTTTCTAAGCGTGTTATTTTAGCAGATG
CCAATTTAGATAAAGTTCTTAGTGCATATAACAAACATAGAGACAAACCAATACGTGAACAAGCAGAAAATATTATT
CATTTATTTACGTTGACGAATCTTGGAGCTCCCGCTGCTTTTAAATATTTTGATACAACAATTGATCGTAAACGATA
TACGTCTACAAAAGAAGTTTTAGATGCCACTCTTATCCATCAATCCATCACTGGTCTTTATGAAACACGCATTGATT

TGAGTCAGCTAGGAGGTGACTGA (SEQ ID NO:43)

MDKKYSIGLAIGTNSVGWAVI TDEYKVPSKKFKVLGNTDRHS IKKNLIGALLFDSGETAEAT RLKRTARRRY TRRKN
RICYLQE | FSNEMAKVDDSFFHRLEESFLVEEDKKHERHPI ~ FGNIVDEVAYHEKYPT IYHLRKKLVDSTDKADLRLI
YLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAI LSARLSKSRRLENLIAQLPG
EKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAI LLSDI LRV
NTE| TKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKE | FFDQSKNGYAGY| DGGASQEEFYKFIKPI LEKMDG
TEELLVKLNREDLLRKQRTFDNGS IPHQIHLGELHAI LRRQEDFYPFLKDNREKIEKI LTFRI PYYVGPLARGNSRF
AWMTRKSEET | TPWNFEEWDKGASAQSF ERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAF
LSGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVE I SGVEDRFNASLGTYHDLLKI IKDKDFLDNEENEDI L
EDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRY TGWGRLSRKLINGIRDKQSGKT | LDFLKSDGFANRNF
MQLIHDDSL TFKEDIQKAQVSGQGDSLHEHIANLAGS  PAIKKGI LOQTVKWDELVKVMGRHKPENIVIEMARENQTT
QKGOKNSRERMKRIEEGIKELGSQI LKEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDHIVPQSFL
KDDS| DNKVLTRSDKNRGKSDNVPSEEWKKMKNYWROLLNAKLI TORKFDNLTKAE RGGLSELDKAGFIKROQLVET
RQI TKHVAQI LDSRMNTKYDENDKLIREVKVI TLKSKLVSDFRKDFQFYKVRE INNYHHAHDAYLNAWGTALIKKY
PKLESEFVYGDYKVYDVRKMIAKSEQE IGKATAKYFFYSNIMNFFKTE | TLANGEIRKRPLIETNGETGE |IVWDKGR
DFATVRKVLSMPQVNIVKKTEVQTGGFSKES | LPKRNSDKLIARKKDWDPKKYGGFDS PTVAY SVLWAKVEKGKSK
KLKSVKELLGI TIMERS SFEKNPI DFLEAKGYKEVKKDLI IKLPKY SLFELENGRKRMLASAGELQKGNELALPSKY
VNFLYLASHYEKLKGS PEDNEQKQLFVEQHKHYLDE ITEQI SEFSKRVI LADANLDKVLSAYNKHRDKPIREQAENI

IHLFTLTNLGAPAAFKYFDTT | DRKRYTSTKEVLDATLIHQS | TGLYETRI DLSQLGGD (SEQ ID NO:44)
(single underline: HNH domain; double underline: RuvC domain)

[00208] dCas9 (D10A and H840A):

MDKKYSIGLAIGTNSVGWAVI TDEYKVPSKKFKVLGNTDRHS IKKNLIGALLFDSGETAEAT RLKRTARRRY TRRKN
RICYLQE | FSNEMAKVDDSFFHRLEESFLVEEDKKHERHPI ~ FGNIVDEVAYHEKYPT IYHLRKKLVDSTDKADLRLI
YLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAI LSARLSKSRRLENLIAQLPG
EKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAI LLSDI LRV
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NTEI TKAPLSASM KRYDEHHQDL TL LKALVRQQLPEKYKEI FFDQSKNGYAGYI DGGASQEEFYKFI KPI LEKMVDG
TEELLVKLNREDLLRKOQRTFDNGSI PHQ HLGELHAI LRRQEDFYPFLKDNREKI EKI LTFRI PYYVGPLARGNSRF
AVWMIRKSEETI TPWNFEEWDKGASAQSFI ERMTNFDKNL PNEKVL PKHSLL YEYFTVYNEL TKVKYVTEGVRKPAF
L SCEQKKAI VDLLFKTNRKVTVKQLKEDYFKKI ECFDSVEI SGVEDRFNASLGTYHDLLKI | KDKDFLDNEENEDI L
EDI VLTLTLFEDREM EERLKTYAHL FDDKVMVKQLKRRRYTGOAGRLSRKLI NG RDKQSGKT! L DFLKSDGFANRNF
ML| HDDSL TFKEDI QKAQVSGQGDSLHEHI ANLAGSPAI KKG L QTVKWDEL VKVMGRHKPENI VI EMARENQT T
NSRERWKRI EEG KELGSQ LKEHPVENT! EKLYLYYL DMYVDQEL DI NRLSDYDVDAI VPQSFL
KDDS| DNKVL TRSDKNRGKSDNVPSEEVKKIVKNYWRQL L NAKL | TORKFDNLT ~ KAERGGL SEL DKAGHI KROLVET
RQ TKHVAQ LDSRWNTKYDENDKL I REVKVI TLKSKL VSDFRKDFCQF YKVREI NNYHHAHDAYLNAWGTAL | KKY
PKLESEFVYGDYKVYDVRKM AKSEQEI GKATAKYFFYSNI MNFFKTEI TLANGEI RKRPLI ETNGETGEl VADKGR
DFATVRKVLSMPOVNI VKKTEVOT GGFSKESI L PKRNSDKL I ARKKDWDPKKYGGFDSPTVAYSVLWAKVEKGKSK
KLKSVKELLQA TI MERSSFEKNPI DFLEAKGYKEVKKDLI | KLPKYSLFELENGRKRMLASAGEL QKGNELALPSKY
VNFLYLASHYEKLKGSPEDNEQKQLFVECQHKHYLDEI | EQN SEFSKRVI LADANL DKVL SAYNKHRDKPI REQAENI

| HLFTLTNLGAPAAFKYFDTTI DRKRYTSTKEVLDATLI HQSI TGLYETRI DLSQLGGD (SEQ ID NO:45)
(single underline: HNH domain; double underline: RuvC domain)

[00209] Cas9 nickase (D10A):

MDKKYSI GLAI GTNSVGWAVI TDEYKVPSKKFKVLGNTDRHSI KKNL| GAL L FDSGETAEATRLKRTARRRYTRRKN
Rl CYLQEI FSNEMAKVDDSFFHRL EESFLVEEDKKHERHP! FGNI VDEVAYHEKYPT! YHLRKKL VDSTDKADLRLI
YLALAHM KFRGHFLI EGDLNPDNSDVDKLFI QLVQTYNQLFEENPI NASGVDAKAI LSARLSKSRRLENL| AQLPG
EKKNGLFGNLI AL SLGL TPNFKSNFDLAEDAKL QL SKDTYDDDLDNLLAQ GDQYADLFLAAKNLSDAI LLSDI LRV
NTEI TKAPLSASM KRYDEHHQDL TLLKAL VRQQLPEKYKEI FFDQSKNGYAGY! DGGASQEEFYKFI KPI LEKMDG
TEEL L VKLNREDL L RKQRTFDNGSI PHQI HLGELHAI L RRQEDFYPFLKDNREKI EKI LTFRI PYYVGPLARGNSRF
AWMTRKSEET! TPWNFEEVDKGASAQSFI ERMTNFDKNL PNEKVL PKHSL L YEYFTVYNEL TKVKYVTEGVRKPAF
LSGEQKKAI VDLLFKTNRKVTVKQLKEDYFKKI ECFDSVE T SGVEDRFNASLGTYHDLLKI | KDKDFLDNEENEDI L
EDI VLTLTLFEDREM EERLKTYAHL FDDKVMKQLKRRRYTGAGRL SRKLI NG RDKQSGKTI LDFLKSDGFANRNFE
MQLI HDDSL TFKEDI QKAQVSGQGDSLHEHI ANLAGSPAI KKGI LQTVKWDEL VKVVGRHKPENI VI EMARENQTT
QKGQKNSRERVKRI EEG KELGSQ LKEHPVENTQLQNEKL YL YYL QNGRDMYVDQEL DI NRL SDYDVDHI VPQSFL
KDDSI DNKVL TRSDKNRGKSDNVPSEEWKKMKNYWRQL LNAKL | TQRKFDNL TKAERGGL SEL DKAGFI KRQLVET
RQ TKHVAQ LDSRVNTKYDENDKLI REVKVI TLKSKLVSDFRKDFQFYKVREI NNYHHAHDAYLNAWGTAL | KKY
PKLESEFVYGDYKVYDVRKM AKSEQE! GKATAKYFFYSNI MNFFKTEI TLANGEI RKRPLI ETNGETGEI VWDKGR
DFATVRKVL SMPQUNI VKKTEVQTGGFSKES! LPKRNSDKL| ARKKDWDPKKYGGFDSPTVAY SVLWAKVEKGKSK
KLKSVKELLG TI MERSSFEKNPI DFLEAKGYKEVKKDLI | KLPKYSLFELENGRKRVLASAGEL QKGNEL AL PSKY
VNFL YLASHYEKL KGSPEDNEQKQLFVEQHKHYLDEI | EQ SEFSKRVI LADANL DKVL SAYNKHRDKPI REQAENI

| HLFTL TNLGAPAAFKYFDTTI DRKRYTSTKEVLDATLI HQSI TGLYETRI DLSQLGGD (SEQ 1D NO:46)

[00210] In some embodiments, fusion proteins comprising a Cas9 protein are provided for
use in any of the compositions and methods described herein. In some embodiments, the fusion
protein comprises adCas9 protein (e.g., as described herein). In some embodiments, the fusion
protein comprises alinker (e.g., as described herein) between dCas9 and one or more domains
(e.g., enzymatic domains). In some embodiments, the fusion protein comprises dCas9 and a
transcriptional activator domain, atranscriptional repressor domain, arecombinase domain, a

gene editing domain (e.g. , a deaminase domain), or an epigenetic modifier domain.
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[00211] In some embodiments, the general architecture of exemplary fusion proteins
provided herein comprises the structure:
[NH,]-[enzymatic domain]-[dCas9]-[COOH] or
[NH,]-[dCas9]-[enzymatic domain]-[COOH];
wherein NH, isthe N-terminus of the fusion protein, COOH isthe C-terminus of the fusion
protein, and the enzymatic domain comprises a nuclease domain (e.g., Fokl), arecombinase
catalytic domain (e.g., Hin, Gin, or Tn3 recombinase domains), anucleic acid-editing domain
(e.g., adeaminase domain), atranscriptional activator domain (e.g., VP64, p65), atranscriptional
repressor domain (eg., KRAB, SID), or an epigenetic modifier (eg., LSD1 histone demethylase,
TET1 hydroxylase).
[00212] Additional features may be present, for example, one or more linker sequences
between certain domains. Other exemplary features that may be present are localization
sequences, such as nuclear localization sequences (NLS; eg., MAPKKKRKVGIHRGVP (SEQ
ID NO:47)); cytoplasmic localization sequences; export sequences, such as nuclear export
sequences; or other localization sequences, aswell as sequence tags that are useful for
solubilization, purification, or detection of the fusion proteins. Suitable localization signal
sequences and sequences of protein tags are provided herein and are known in the art, and
include, but are not limited to, biotin carboxylase carrier protein (BCCP) tags, myc-tags,
camodulin-tags, FLAG-tags (eg., 3xFLAG TAG: MDYKDHDGDYKDHDIDYKDDDDK
(SEQ ID NO:48)), hemagglutinin (HA) tags, polyhistidine tags, aso referred to as histidine tags
or Histags, maltose binding protein (MBP)-tags, nus-tags, glutathione-S-transferase (GST) tags,
green fluorescent protein (GFP) tags, thioredoxin-tags, S-tags, Softags (e.g., Softag 1, Softag 3),
strep-tags , biotin ligase tags, FIAsH tags, V5 tags, and SBP-tags. Additional suitable sequences
will be apparent to those of skill in the art.
[00213] In some embodiments, the enzymatic domain comprises anuclease or a catalytic
domain thereof. For example, in some embodiments, the genera architecture of exemplary
ligand-dependent dCas9 fusion proteins with anuclease domain comprises the structure:
[NH,]-[NLS]-[dCas9]-[nuclease]-[ COOH],
[NH,]-[NLS]-[nuclease]-[dCas9]-[ COOH],
[NH,]-[dCas9]-[nuclease]-[ COOH], or
[NH,]-[nuclease]-[dCas9]-[ COOH];
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wherein NLS isanuclear localization signal, N% isthe N-terminus of the fusion protein, and
COOH isthe C-terminus of the fusion protein. In some embodiments, alinker isinserted
between the dCas9 and the nuclease domain. In some embodiments, alinker isinserted between
the NLS and the nuclease and/or dCas9 domain. In some embodiments, the NLS islocated C-
terminal of the nuclease and/or the dCasO domain. In some embodiments, the NLS is located
between the nuclease and the dCas9 domain. Additional features, such as sequence tags, may
also bepresent. In some aspects, the nuclease domain is anuclease requiring dimerization (e.g.,
the coming together of two monomers of the nuclease) in order to cleave atarget nucleic acid
(e.g., DNA). In some embodiments, the nuclease domain is amonomer of the Fokl DNA
cleavage domain. The Fokl DNA cleavage domain isknown, and in some aspects corresponds
to amino acids 388-583 of Fokl (NCBI accession number J04623). In some embodiments, the
Fokl DNA cleavage domain corresponds to amino acids 300-583, 320-583, 340-583, or 360-583
of Fokl. See also Wah et al, "Structure of Fokl has implications for DNA cleavage" Proc. Natl.
Acad. Sci. USA. 1998; 1;95(18):10564-9; Li etal, "TAL nucleases (TALNS): hybrid proteins
composed of TAL effectors and Fokl DNA-cleavage domain” Nucleic Acids Res. 201 1;
39(1):359-72; Kim et al, "Hybrid restriction enzymes: zinc finger fusions to Fok | cleavage
domain" Proc. Natl Acad. Sci. USA. 1996; 93:1 156-1 160; the entire contents of each are herein
incorporated by reference). In some embodiments, the Fokl DNA cleavage domain corresponds
to, or comprises in part or whole, the amino acid sequence set forth as SEQ ID NO:49. In some
embodiments, the Fokl DNA cleavage domain isavariant of Fokl (e.g., avariant of SEQ ID
NO:49), as described herein. Other exemplary compositions and methods of using dCas9-
nuclease fusion proteins can be found in U.S. patent application U.S.S.N 14/320,498; titled
"Cas9-Fokl fusion Proteins and Uses Thereof," filed June 30, 2014, the entire contents of which

are incorporated herein by reference.

[00214] Fokl nuclease domain:

GSQLVKSEL EEKKSELRHKLKYVPHEY! ELI EI ARNSTQDRI L EMKVMEFFMKVYGYRGKHL GGSRKPDGAI YTVGS
Pl DYGVI VDTKAYSGGYNLPI GQADEMQRYVEENQTRNKHI NPNEWAKVYPSSVTEFKFL FVSGHFKGNYKAQLTRL

NHI TNCNGAVLSVEEL LI GGEM KAGTLTLEEVRRKFNNGEI NF (SEQ ID NO:49)

[00215] fCas9 (e.g., dCas9-NL S-GGS31linker-Fokl):

ATGCGATAAAAAGTATTCTATTGGT TTAGCTATCGECACTAATTCCGT TGGATGEGECTGI CATAACCGATGAATACAA
AGTACCTTCAAAGAAATTTAAGGT GT TGGGEGAACACAGACCGT CATTCGAT TAAAAAGAATCTTATCGGTGCCCTCC
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TATTCGATAGTGGCGAAACGGCAGAGGCGACTCGCCTGAAACGAACCGCTCGGAGAAGGTATACACGTCGCAAGAAC
CGAATATGTTACTTACAAGAAATTTTTAGCAATGAGATGGCCAAAGTTGACGATTCTTTCTTTCACCGTTTGGAAGA
GTCCTTCCTTGTCGAAGAGGACAAGAAACATGAACGGCACCCCATCTTTGGAAACATAGTAGATGAGGTGGCATATC
ATGAAAAGTACCCAACGATTTATCACCT CAGAAAAAAGCTAGTTGACTCAACTGATAAAGCGGACCTGAGGTTAATC
TACTTGGCTCTTGCCCATATGATAAAGTTCCGTGGGCACTTTCTCATTGAGGGTGATCTAAATCCGGACAACTCGGA
TGTCGACAAACTGTTCATCCAGTTAGTACAAACCTATAATCAGTTGTTTGAAGAGAACCCTATAAATGCAAGTGGCG
TGGATGCGAAGGCTATTCTTAGCGCCCGCCTCTCTAAATCCCGACGGCTAGAAAACCTGATCGCACAATTACCCGGA
GAGAAGAAAAATGGGTTGTTCGGTAACCTTATAGCGCTCTCACTAGGCCTGACACCAAATTTTAAGTCGAACTTCGA
CTTAGCTGAAGATGCCAAATTGCAGCTTAGTAAGGACACGTACGATGACGATCTCGACAATCTACTGGCACAAATTG
GAGATCAGTATGCGGACTTATTTTTGGCTGCCAAAAACCTTAGCGATGCAATCCTCCTATCTGACATACTGAGAGTT
AATACTGAGATTACCAAGGCGCCGTTATCCGCTTCAATGATCAAAAGGTACGATGAACATCACCAAGACTTGACACT
TCTCAAGGCCCTAGTCCGTCAGCAACTGCCTGAGAAATATAAGGAAATATTCTTTGATCAGTCGAAAAACGGGTACG
CAGGTTATATTGACGGCGGAGCGAGTCAAGAGGAATTCTACAAGTTTATCAAACCCATATTAGAGAAGATGGATGGG
ACGGAAGAGTTGCTTGTAAAACTCAATCGCGAAGATCTACTGCGAAAGCAGCGGACTTTCGACAACGGTAGCATTCC
ACATCAAATCCACTTAGGCGAATTGCATGCTATACTTAGAAGGCAGGAGGATTTTTATCCGTTCCTCAAAGACAATC
GTGAAAAGATTGAGAAAATCCTAACCTTTCGCATACCTTACTATGTGGGACCCCTGGCCCGAGGGAACTCTCGGTTC
GCATGGATGACAAGAAAGTCCGAAGAAACGATTACTCCATGGAATTTTGAGGAAGTTGTCGATAAAGGTGCGTCAGC
TCAATCGTTCATC GAGAGGATGACCAACTTTGACAAGAATTTACCGAACGAAAAAGTATTGCCTAAGCACAGTTTAC
TTTACGAGTATTTCACAGTGTACAATGAACTCACGAAAGTTAAGTATGTCACTGAGGGCATGCGTAAACCCGCCTTT
CTAAGCGGAGAACAGAAGAAAGCAATAGTAGATCTGTTATTCAAGACCAACCGCAAAGTGACAGTTAAGCAATTGAA
AGAGGACTACTTTAAGAAAATTGAATGCTTCGATTCTGTCGAGATCTCCGGGGTAGAAGATCGATTTAATGCGTCAC
TTGGTACGTATCAT GACCTCCTAAAGATAATTAAAGATAAGGACTTCCTGGATAACGAAGAGAATGAAGATATCTTA
GAAGATATAGTGTTGACTCTTACCCTCTTT GAAGATCGGGAAATGATTGAGGAAAGACTAAAAACATACGCTCACCT
GTTCGACGATAAGGTTATGAAACAGTTAAAGAGGCGTCGCTATACGGGCTGGGGACGATTGTCGCGGAAACTTATCA
ACGGGATAAGAGACAAGCAAAGTGGTAAAACTATTCTCGATTTTCTAAAGAGCGACGGCTTCGCCAATAGGAACTTT
ATGCAGCTGATCCATGATGACTCTTTAACCTTCAAAGAGGATATACAAAAGGCACAGGTTTCCGGACAAGGGGACTC
ATTGCACGAACATATTGCGAATCTTGCTGGTTCGCCAGCCATCAAAAAGGGCATACTCCAGACAGTCAAAGTAGTGG
ATGAGCTAGTTAAGGTCATGGGACGTCACAAACCGGAAAACATTGTAATCGAGATGGCACGCGAAAATCAAACGACT
CAGAAGGGGCAAAAAAACAGTCGAGAGCGGATGAAGAGAATAGAAGAGGGTATTAAAGAACTGGGCAGCCAGATCTT
AAAGGAGCATCCTGTGGAAAATACCCAATTGCAGAACGAGAAACTTTACCTCTATTACCTACAAAATGGAAGGGACA
TGTATGTTGATCAGGAACTGGACATAAACCGTTTATCTGATTACGACGTCGATGCCATTGTACCCCAATCCTTTTTG
AAGGACGATTCAATCGACAATAAAGTGCTTACACGCTCGGATAAGAACCGAGGGAAAAGTGACAATGTTCCAAGCGA
GGAAGTCGTAAAGAAAATGAAGAACTATTGGCGGCAGCTCCTAAATGCGAAACTGATAACGCAAAGAAAGTTCGATA
ACTTAACTAAAGCTGAGAGGGGTGGCTTGTCTGAACTTGACAAGGCCGGATTTATTAAACGTCAGCTCGTGGAAACC
CGCCAAATCACAAAGCATGTTGCACAGATACTAGATTCCCGAATGAATACGAAATACGACGAGAACGATAAGCTGAT
TCGGGAAGTCAAAGTAATCACTTTAAAGTCAAAATTGGTGTCGGACTTCAGAAAGGATTTTCAATTCTATAAAGTTA
GGGAGATAAATAACTACCACCATGCGCACGACGCTTATCTTAATGCCGTCGTAGGGACCGCACTCATTAAGAAATAC
CCGAAGCTAGAAAGTGAGTTTGTGTATGGTGAT TACAAAGTTTATGACGTCCGTAAGATGATCGCGAAAAGCGAACA
GGAGATAGGCAAGGCTACAGCCAAATACTTCTTTTATTCTAACATTATGAATTTCTTTAAGACGGAAATCACTCTGG
CAAACGGAGAGATACGCAAACGACCTTTAATTGAAACCAATGGGGAGACAGGTGAAATCGTATGGGATAAGGGCCGG
GACTTCGCGACGGTGAGAAAAGTTTTGTCCATGCCCCAAGTCAACATAGTAAAGAAAACTGAGGTGCAGACCGGAGG
GTTTTCAAAGGAATCGATTCTTCCAAAAAGGAATAGTGATAAGCTCATCGCTCGTAAAAAGGACTGGGACCCGAAAA
AGTACGGTGGCTTCGATAGCCCTACAGTTGCCTATTCTGTCCTAGTAGTGGCAAAAGTTGAGAAGGGAAAATCCAAG
AAACTGAAGTCAGTCAAAGAATTATTGGGGATAACGATTATGGAGCGCTCGTCTTTTGAAAAGAACCCCATCGACTT
CCTTGAGGCGAAAGGTTACAAGGAAGTAAAAAAGGATCTCATAATTAAACTACCAAAGTATAGTCTGTTTGAGTTAG
AAAATGGCCGAAAACGGATGTTGGCTAGCGCCGGAGAGCTTCAAAAGGGGAACGAACTCGCACTACCGTCTAAATAC
GTGAATTTCCTGTATTTAGCGTCCCATTAC GAGAAGTTGAAAGGTTCACCTGAAGATAACGAACAGAAGCAACTTTT
TGTTGAGCAGCACAAACATTATCTCGACGAAATCATAGAGCAAATTTCGGAATTCAGTAAGAGAGTCATCCTAGCTG
ATGCCAATCTGGACAAAGTATTAAGCGCATACAACAAGCACAGGGATAAACCCATACGTGAGCAGGCGGAAAATATT
ATCCATTTGTTTACTCTTACCAACCTCGGCGCTCCAGCCGCATTCAAGTATTTTGACACAACGATAGATCGCAAACG
ATACACTTCTACCAAGGAGGTGCTAGACGCGACACTGATTCACCAATCCATCACGGGATTATATGAAACTCGGATAG
ATTTGTCACAGCTTGGGGGTGACGGATCCCCCAAGAAGAAGAGGAAAGTCTCGAGCGACTACAAAGACCATGACGGT
GATTATAAAGATCATGACATCGATTACAAGGATGACGATGACAAGGCTGCAGGATCAGGTGGAAGTGGCGGCAGCGG
AGGTTCTGGATCCCAACTAGTCAAAAGTGAACTGGAGGAGAAGAAATCTGAACTTCGTCATAAATTGAAATATGTGC
CTCATGAATATATTGAATTAATTGAAATTGCCAGAAATTCCACTCAGGATAGAATTCTTGAAATGAAGGTAATGGAA
TTTTTTATGAAAGTTTATGGATATAGAGGTAAACATTTGGGTGGATCAAGGAAACCGGACGGAGCAATTTATACTGT
CGGATCTCCTATTGATTACGGTGTGATCGTGGATACTAAAGCTTATAGCGGAGGTTATAATCTGCCAATTGGCCAAG
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CAGATGAAATGCAACGATATGTCGAAGAAAATCAAACACGAAACAAACATATCAACCCTAATGAATGGTGGAAAGTC
TATCCATCTTCTGTAACGGAATTTAAGTTTTTATTTGTGAGTGGTCACTTTAAAGGAAACTACAAAGCTCAGCTTAC
ACGATTAAATCATATCACTAATTGTAATGGAGCTGTTCTTAGTGTAGAAGAGCTTTTAATTGGTGGAGAAATGATTA

AAGCCGGCACATTAACCTTAGAGGAAGTCAGACGGAAATTTAATAACGGCGAGATAAACTTT (SEQ ID NO:50)

[00216] fCas9 (eg., NLS dCas9-GGS31linker-Fokl):

ATGGACTACAAAGACCATGACGGTGATTATAAAGATCATGACATCGATTACAAGGATGACGATGACAAGATGGCCCC
CAAGAAGAAGAGGAAGGTGGGCATTCACCGCGGGGTACCTATGGATAAAAAGTATTCTATTGGTTTAGCTATCGGCA
CTAATTCCGTTGGATGGGCTGTCATAACCGATGAATACAAAGTACCTTCAAAGAAATTTAAGGTGTTGGGGAACACA
GACCGTCATTCGATTAAAAAGAATCTTATCGGTGCCCTCCTATTCGATAGTGGCGAAACGGCAGAGGCGACTCGCCT
GAAACGAACCGCTCGGAGAAGGTATACACGTCGCAAGAACCGAATATGTTACTTACAAGAAATTTTTAGCAATGAGA
TGGCCAAAGTTGACGATTCTTTCTTTCACCGTTTGGAAGAGTCCTTCCTTGTCGAAGAGGACAAGAAACATGAACGG
CACCCCATCTTTGGAAACATAGTAGATGAGGTGGCATATCATGAAAAGTACCCAACGATTTATCACCTCAGAAAAAA
GCTAGTTGACTCAACTGATAAAGCGGACCTGAGGTTAATCTACTTGGCTCTTGCCCATATGATAAAGTTCCGTGGGC
ACTTTCTCATTGAGGGTGATCTAAATCCGGACAACTCGGATGTCGACAAACTGTTCATCCAGTTAGTACAAACCTAT
AATCAGTTGTTTGAAGAGAACCCTATAAATGCAAGTGGCGTGGATGCGAAGGCTATTCTTAGCGCCCGCCTCTCTAA
ATCCCGACGGCTAGAAAACCTGATCGCACAATTACCCGGAGAGAAGAAAAATGGGTTGTTCGGTAACCTTATAGCGC
TCTCACTAGGCCTGACACCAAATTTTAAGTCGAACTTCGACTTAGCTGAAGATGCCAAATTGCAGCTTAGTAAGGAC
ACGTACGATGACGATCTCGACAATCTACTGGCACAAATTGGAGATCAGTATGCGGACTTATTTTTGGCTGCCAAAAA
CCTTAGCGATGCAATCCTCCTATCTGACATACTGAGAGTTAATACTGAGATTACCAAGGCGCCGTTATCCGCTTCAA
TGATCAAAAGGTACGATGAACATCACCAAGACTTGACACTTCTCAAGGCCCTAGTCCGTCAGCAACTGCCTGAGAAA
TATAAGGAAATATTCTTTGATCAGTCGAAAAACGGGTACGCAGGTTATATTGACGGCGGAGCGAGTCAAGAGGAATT
CTACAAGTTTATCAAACCCATATTAGAGAAGATGGATGGGACGGAAGAGTTGCTTGTAAAACTCAATCGCGAAGATC
TACTGCGAAAGCAGCGGACTTTCGACAACGGTAGCATTCCACATCAAATCCACTTAGGCGAATTGCATGCTATACTT
AGAAGGCAGGAGGATTTTTATCCGTTCCTCAAAGACAATCGTGAAAAGATTGAGAAAATCCTAACCTTTCGCATACC
TTACTATGTGGGACCCCTGGCCCGAGGGAACTCTCGGTTCGCATGGATGACAAGAAAGTCCGAAGAAACGATTACTC
CATGGAATTTTGAGGAAGTTGTCGATAAAGGTGCGTCAGCTCAATCGTTCATCGAGAGGATGACCAACTTTGACAAG
AATTTACCGAACGAAAAAGTATTGCCTAAGCACAGTTTACTTTACGAGTATTTCACAGTGTACAAT GAACTCACGAA
AGTTAAGTATGTCACTGAGGGCATGCGTAAACCCGCCTTTCTAAGCGGAGAACAGAAGAAAGCAATAGTAGATCTGT
TATTCAAGACCAACCGCAAAGTGACAGTTAAGCAATTGAAAGAGGACTACTTTAAGAAAATTGAATGCTTCGATTCT
GTCGAGATCTCCGGGGTAGAAGATCGATTTAATGCGTCACTTGGTACGTATCATGACCTCCTAAAGATAATTAAAGA
TAAGGACTTCCTGGATAACGAAGAGAATGAAGATATCTTAGAAGATATAGTGTTGACTCTTACCCTCTTT GAAGATC
GGGAAATGATTGAGGAAAGACTAAAAACATACGCTCACCTGTTCGACGATAAGGTTATGAAACAGTTAAAGAGGCGT
CGCTATACGGGCTGGGGACGATTGTCGCGGAAACTTATCAACGGGATAAGAGACAAGCAAAGTGGTAAAACTATTCT
CGATTTTCTAAAGAGCGACGGCTTCGCCAATAGGAACTTTATGCAGCTGATCCATGATGACTCTTTAACCTTCAAAG
AGGATATACAAAAGGCACAGGTTTCCGGACAAGGGGACTCATTGCACGAACATATTGCGAATCTTGCTGGTTCGCCA
GCCATCAAAAAGGGCATACTCCAGACAGTCAAAGTAGTGGATGAGCTAGTTAAGGTCATGGGACGTCACAAACCGGA
AAACATTGTAATCGAGATGGCACGCGAAAATCAAACGACTCAGAAGGGGCAAAAAAACAGTCGAGAGCGGATGAAGA
GAATAGAAGAGGGTATTAAAGAACTGGGCAGCCAGATCTTAAAGGAGCATCCTGTGGAAAATACCCAATTGCAGAAC
GAGAAACTTTACCTCTATTACCTACAAAATGGAAGGGACATGTATGTTGATCAGGAACTGGACATAAACCGTTTATC
TGATTACGACGTCGATGCCATTGTACCCCAATCCTTTTTGAAGGACGATTCAATCGACAATAAAGTGCTTACACGCT
CGGATAAGAACCGAGGGAAAAGTGACAATGTTCCAAGCGAGGAAGTCGTAAAGAAAATGAAGAACTATTGGCGGCAG
CTCCTAAATGCGAAACTGATAACGCAAAGAAAGTTCGATAACTTAACTAAAGCTGAGAGGGGTGGCTTGTCTGAACT
TGACAAGGCCGGATTTATTAAACGTCAGCTCGTGGAAACCCGCCAAATCACAAAGCATGTTGCACAGATACTAGATT
CCCGAATGAATACGAAATACGACGAGAACGATAAGCTGATTCGGGAAGTCAAAGTAATCACTTTAAAGTCAAAATTG
GTGTCGGACTTCAGAAAGGATTTTCAATTCTATAAAGTTAGGGAGATAAATAACTACCACCATGCGCACGACGCTTA
TCTTAATGCCGTCGTAGGGACCGCACTCATTAAGAAATACCCGAAGCTAGAAAGTGAGTTTGTGTATGGTGATTACA
AAGTTTATGACGTCCGTAAGATGATCGCGAAAAGCGAACAGGAGATAGGCAAGGCTACAGCCAAATACTTCTTTTAT
TCTAACATTATGAATTTCTTTAAGACGGAAATCACTCTGGCAAACGGAGAGATACGCAAACGACCTTTAATTGAAAC
CAATGGGGAGACAGGTGAAATCGTATGGGATAAGGGCCGGGACTTCGCGACGGTGAGAAAAGTTTTGTCCATGCCCC
AAGTCAACATAGTAAAGAAAACTGAGGTGCAGACCGGAGGGTTTTCAAAGGAATCGATTCTTCCAAAAAGGAATAGT
GATAAGCTCATCGCTCGTAAAAAGGACTGGGACCCGAAAAAGTACGGTGGCTTCGATAGCCCTACAGTTGCCTATTC
TGTCCTAGTAGTGGCAAAAGTTGAGAAGGGAAAATCCAAGAAACTGAAGTCAGTCAAAGAATTATTGGGGATAACGA
TTATGGAGCGCTCGTCTTTTGAAAAGAACCCCATCGACTTCCTTGAGGCGAAAGGTTACAAGGAAGTAAAAAAGGAT
CTCATAATTAAACTACCAAAGTATAGTCTGTTTGAGTTAGAAAATGGCCGAAAACGGATGTTGGCTAGCGCCGGAGA
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GCTTCAAAAGGGGAACGAACTCGCACTACCGTCTAAATACGTGAATTTCCTGTATTTAGCGTCCCATTACGAGAAGT
TGAAAGGTTCACCTGAAGATAACGAACAGAAGCAACTTTTTGTT GAGCAGCACAAACATTATCTCGACGAAATCATA
GAGCAAATTTCGGAATTCAGTAAGAGAGTCATCCTAGCTGATGCCAATCTGGACAAAGTATTAAGCGCATACAACAA
GCACAGGGATAAACCCATACGTGAGCAGGCGGAAAATATTATCCATTTGTTTACTCTTACCAACCTCGGCGCTCCAG
CCGCATTCAAGTATTTTGACACAACGATAGATCGCAAACGATACACTTCTACCAAGGAGGTGCTAGACGCGACACTG
ATTCACCAATCCATCACGGGATTATATGAAACTCGGATAGATTTGTCACAGCTTGGGGGTGACTCAGGTGGAAGTGG
CGGCAGCGGAGGTTCTGGATCCCAACTAGTCAAAAGTGAACTGGAGGAGAAGAAATCTGAACTTCGTCATAAATTGA
AATATGTGCCTCATGAATATATTGAATTAATTGAAATTGCCAGAAATTCCACTCAGGATAGAATTCTTGAAATGAAG
GTAATGGAATTTTTTATGAAAGTTTATGGATATAGAGGTAAACATTTGGGTGGATCAAGGAAACCGGACGGAGCAAT
TTATACTGTCGGATCTCCTATTGATTACGGTGTGATCGTGGATACTAAAGCTTATAGCGGAGGTTATAATCTGCCAA
TTGGCCAAGCAGATGAAATGCAACGATATGTCGAAGAAAATCAAACACGAAACAAACATATCAACCCTAATGAATGG
TGGAAAGTCTATCCATCTTCTGTAACGGAATTTAAGTTTTTATTTGTGAGTGGTCACTTTAAAGGAAACTACAAAGC
TCAGCTTACACGATTAAATCATATCACTAATTGTAATGGAGCTGTTCTTAGTGTAGAAGAGCTTTTAATTGGTGGAG

AAATGATTAAAGCCGGCACATTAACCTTAGAGGAAGTCAGACGGAAATTTAATAACGGCGAGATAAACTTT (SEQ
ID NO:51)

[00217] fCas9 (eqg., Fokl-GGS3linker-dCaso-NLS):

ATGGGATCCCAACTAGTCAAAAGTGAACTGGAGGAGAAGAAATCTGAACTTCGTCATAAATTGAAATATGTGCCTCA
TGAATATATTGAATTAATTGAAATTGCCAGAAATTCCACTCAGGATAGAATTCTTGAAATGAAGGTAATGGAATTTT
TTATGAAAGTTTATGGATATAGAGGTAAACATTTGGGTGGATCAAGGAAACCGGACGGAGCAATTTATACTGTCGGA
TCTCCTATTGATTACGGTGTGATCGTGGATACTAAAGCTTATAGCGGAGGTTATAATCTGCCAATTGGCCAAGCAGA
TGAAATGCAACGATATGTCGAAGAAAATCAAACACGAAACAAACATATCAACCCTAATGAATGGTGGAAAGTCTATC
CATCTTCTGTAACGGAATTTAAGTTTTTATTTGTGAGTGGTCACTTTAAAGGAAACTACAAAGCTCAGCTTACACGA
TTAAATCATATCACTAATTGTAATGGAGCTGTTCTTAGTGTAGAAGAGCTTTTAATTGGTGGAGAAATGATTAAAGC
CGGCACATTAACCTTAGAGGAAGTCAGACGGAAATTTAATAACGGCGAGATAAACTTTGGCGGTAGTGGGGGATCTG
GGGGAAGTATGGATAAAAAGTATTCTATTGGTTTAGCTATCGGCACTAATTCCGTTGGATGGGCTGTCATAACCGAT
GAATACAAAGTACCTTCAAAGAAATTTAAGGTGTTGGGGAACACAGACCGTCATTCGATTAAAAAGAATCTTATCGG
TGCCCTCCTATTCGATAGTGGCGAAACGGCAGAGGCGACTCGCCTGAAACGAACCGCTCGGAGAAGGTATACACGTC
GCAAGAACCGAATATGTTACTTACAAGAAATTTTTAGCAAT GAGATGGCCAAAGTTGACGATTCTTTCTTTCACCGT
TTGGAAGAGTCCTTCCTTGTCGAAGAGGACAAGAAACATGAACGGCACCCCATCTTTGGAAACATAGTAGATGAGGT
GGCATATCATGAAAAGTACCCAACGATTTATCACCTCAGAAAAAAGCTAGTTGACTCAACTGATAAAGCGGACCTGA
GGTTAATCTACTTGGCTCTTGCCCATATGATAAAGTTCCGTGGGCACTTTCTCATTGAGGGTGATCTAAATCCGGAC
AACTCGGATGTCGACAAACTGTTCATCCAGTTAGTACAAACCTATAATCAGTTGTTTGAAGAGAACCCTATAAATGC
AAGTGGCGTGGATGCGAAGGCTATTCTTAGCGCCCGCCTCTCTAAATCCCGACGGCTAGAAAACCTGATCGCACAAT
TACCCGGAGAGAAGAAAAATGGGTTGTTCGGTAACCTTATAGCGCTCTCACTAGGCCTGACACCAAATTTTAAGTCG
AACTTCGACTTAGCTGAAGATGCCAAATTGCAGCTTAGTAAGGACACGTACGATGACGATCTCGACAATCTACTGGC
ACAAATTGGAGATCAGTATGCGGACTTATTTTTGGCTGCCAAAAACCTTAGCGATGCAATCCTCCTATCTGACATAC
TGAGAGTTAATACTGAGATTACCAAGGCGCCGTTATCCGCTTCAATGATCAAAAGGTACGATGAACATCACCAAGAC
TTGACACTTCTCAAGGCCCTAGTCCGTCAGCAACTGCCTGAGAAATATAAGGAAATATTCTTTGATCAGTCGAAAAA
CGGGTACGCAGGTTATATTGACGGCGGAGCGAGTCAAGAGGAATTCTACAAGTTTATCAAACCCATATTAGAGAAGA
TGGATGGGACGGAAGAGTTGCTTGTAAAACTCAATCGCGAAGATCTACTGCGAAAGCAGCGGACTTTCGACAACGGT
AGCATTCCACATCAAATCCACTTAGGCGAATTGCATGCTATACTTAGAAGGCAGGAGGATTTTTATCCGTTCCTCAA
AGACAATCGTGAAAAGATTGAGAAAATCCTAACCTTTCGCATACCTTACTATGTGGGACCCCTGGCCCGAGGGAACT
CTCGGTTCGCATGGATGACAAGAAAGTCCGAAGAAACGATTACTCCATGGAATTTTGAGGAAGTTGTCGATAAAGGT
GCGTCAGCTCAATCGTTCATCGAGAGGATGACCAACTTTGACAAGAATTTACCGAACGAAAAAGTATTGCCTAAGCA
CAGTTTACTTTACGAGTATTTCACAGTGTACAAT GAACTCACGAAAGTTAAGTATGTCACT GAGGGCATGCGTAAAC
CCGCCTTTCTAAGCGGAGAACAGAAGAAAGCAATAGTAGATCTGTTATTCAAGACCAACCGCAAAGTGACAGTTAAG
CAATTGAAAGAGGACTACTTTAAGAAAATTGAATGCTTCGATTCTGTCGAGATCTCCGGGGTAGAAGATCGATTTAA
TGCGTCACTTGGTACGTATCAT GACCTCCTAAAGATAATTAAAGATAAGGACTTCCTGGATAACGAAGAGAATGAAG
ATATCTTAGAAGATATAGTGTTGACTCTTACCCTCTTT GAAGATCGGGAAATGATTGAGGAAAGACTAAAAACATAC
GCTCACCTGTTCGACGATAAGGTTATGAAACAGTTAAAGAGGCGTCGCTATACGGGCTGGGGACGATTGTCGCGGAA
ACTTATCAACGGGATAAGAGACAAGCAAAGTGGTAAAACTATTCTCGATTTTCTAAAGAGCGACGGCTTCGCCAATA
GGAACTTTATGCAGCTGATCCATGATGACTCTTTAACCTTCAAAGAGGATATACAAAAGGCACAGGTTTCCGGACAA
GGGGACTCATTGCACGAACATATTGCGAATCTTGCTGGTTCGCCAGCCATCAAAAAGGGCATACTCCAGACAGTCAA
AGTAGTGGATGAGCTAGTTAAGGTCATGGGACGTCACAAACCGGAAAACATTGTAATCGAGATGGCACGCGAAAATC
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AAACGACTCAGAAGGGGCAAAAAAACAGTCGAGAGCGGATGAAGAGAATAGAAGAGGGTATTAAAGAACTGGGCAGC
CAGATCTTAAAGGAGCATCCTGTGGAAAATACCCAATTGCAGAACGAGAAACTTTACCTCTATTACCTACAAAATGG
AAGGGACATGTATGTTGATCAGGAACTGGACATAAACCGTTTATCTGATTACGACGTCGATGCCATTGTACCCCAAT
CCTTTTTGAAGGACGATTCAATCGACAATAAAGTGCTTACACGCTCGGATAAGAACCGAGGGAAAAGTGACAATGTT
CCAAGCGAGGAAGTCGTAAAGAAAATGAAGAACTATTGGCGGCAGCTCCTAAATGCGAAACTGATAACGCAAAGAAA
GTTCGATAACTTAACTAAAGCTGAGAGGGGTGGCTTGTCTGAACTTGACAAGGCCGGATTTATTAAACGTCAGCTCG
TGGAAACCCGCCAAATCACAAAGCATGTTGCACAGATACTAGATTCCCGAATGAATACGAAATACGACGAGAACGAT
AAGCTGATTCGGGAAGTCAAAGTAATCACTTTAAAGTCAAAATTGGTGTCGGACTTCAGAAAGGATTTTCAATTCTA
TAAAGTTAGGGAGATAAATAACTACCACCATGCGCACGACGCTTATCTTAATGCCGTCGTAGGGACCGCACTCATTA
AGAAATACCCGAAGCTAGAAAGTGAGTTTGTGTATGGTGAT TACAAAGTTTATGACGTCCGTAAGATGATCGCGAAA
AGCGAACAGGAGATAGGCAAGGCTACAGCCAAATACTTCTTTTATTCTAACATTATGAATTTCTTTAAGACGGAAAT
CACTCTGGCAAACGGAGAGATACGCAAACGACCTTTAATTGAAACCAATGGGGAGACAGGTGAAATCGTATGGGATA
AGGGCCGGGACTTCGCGACGGTGAGAAAAGTTTTGTCCATGCCCCAAGTCAACATAGTAAAGAAAACTGAGGTGCAG
ACCGGAGGGTTTTCAAAGGAATCGATTCTTCCAAAAAGGAATAGTGATAAGCTCATCGCTCGTAAAAAGGACTGGGA
CCCGAAAAAGTACGGTGGCTTCGATAGCCCTACAGTTGCCTATTCTGTCCTAGTAGTGGCAAAAGTTGAGAAGGGAA
AATCCAAGAAACTGAAGTCAGTCAAAGAATTATTGGGGATAACGATTATGGAGCGCTCGTCTTTTGAAAAGAACCCC
ATCGACTTCCTTGAGGCGAAAGGTTACAAGGAAGTAAAAAAGGATCTCATAATTAAACTACCAAAGTATAGTCTGTT
TGAGTTAGAAAATGGCCGAAAACGGATGTTGGCTAGCGCCGGAGAGCTTCAAAAGGGGAACGAACTCGCACTACCGT
CTAAATACGTGAATTTCCTGTATTTAGCGTCCCATTAC GAGAAGTTGAAAGGTTCACCTGAAGATAACGAACAGAAG
CAACTTTTTGTT GAGCAGCACAAACATTATCTCGACGAAATCATAGAGCAAATTTCGGAATTCAGTAAGAGAGTCAT
CCTAGCTGATGCCAATCTGGACAAAGTATTAAGCGCATACAACAAGCACAGGGATAAACCCATACGTGAGCAGGCGG
AAAATATTATCCATTTGTTTACTCTTACCAACCTCGGCGCTCCAGCCGCATTCAAGTATTTTGACACAACGATAGAT
CGCAAACGATACACTTCTACCAAGGAGGTGCTAGACGCGACACTGATTCACCAATCCATCACGGGATTATATGAAAC
TCGGATAGATTTGTCACAGCTTGGGGGTGACGGATCCCCCAAGAAGAAGAGGAAAGTCTCGAGCGACTACAAAGACC

ATGACGGTGATTATAAAGATCATGACATCGATTACAAGGATGACGATGACAAGGCTGCAGGA (SEQ 1D NO:52)

[00218] fCas9 (eg., NLS -Fokl-GGS3linker-dCas9):

ATGGACTACAAAGACCATGACGGTGATTATAAAGATCATGACATCGATTACAAGGATGACGATGACAAGATGGCCCC
CAAGAAGAAGAGGAAGGTGGGCATTCACCGCGGGGTACCTGGAGGTTCTATGGGATCCCAACTAGTCAAAAGTGAAC
TGGAGGAGAAGAAATCTGAACTTCGTCATAAATTGAAATATGTGCCTCATGAATATATTGAATTAATTGAAATTGCC
AGAAATTCCACTCAGGATAGAATTCTTGAAATGAAGGTAATGGAATTTTTTATGAAAGTTTATGGATATAGAGGTAA
ACATTTGGGTGGATCAAGGAAACCGGACGGAGCAATTTATACTGTCGGATCTCCTATTGATTACGGTGTGATCGTGG
ATACTAAAGCTTATAGCGGAGGTTATAATCTGCCAATTGGCCAAGCAGATGAAATGCAACGATATGTCGAAGAAAAT
CAAACACGAAACAAACATATCAACCCTAATGAATGGTGGAAAGTCTATCCATCTTCTGTAACGGAATTTAAGTTTTT
ATTTGTGAGTGGTCACTTTAAAGGAAACTACAAAGCTCAGCTTACACGATTAAATCATATCACTAATTGTAATGGAG
CTGTTCTTAGTGTAGAAGAGCTTTTAATTGGTGGAGAAATGATTAAAGCCGGCACATTAACCTTAGAGGAAGTCAGA
CGGAAATTTAATAACGGCGAGATAAACTTTGGCGGTAGTGGGGGATCTGGGGGAAGTATGGATAAAAAGTATTCTAT
TGGTTTAGCTATCGGCACTAATTCCGTTGGATGGGCTGTCATAACCGATGAATACAAAGTACCTTCAAAGAAATTTA
AGGTGTTGGGGAACACAGACCGTCATTCGATTAAAAAGAATCTTATCGGTGCCCTCCTATTCGATAGTGGCGAAACG
GCAGAGGCGACTCGCCTGAAACGAACCGCTCGGAGAAGGTATACACGTCGCAAGAACCGAATATGTTACTTACAAGA
AATTTTTAGCAATGAGATGGCCAAAGTTGACGATTCTTTCTTTCACCGTTTGGAAGAGTCCTTCCTTGTCGAAGAGG
ACAAGAAACATGAACGGCACCCCATCTTTGGAAACATAGTAGATGAGGTGGCATATCATGAAAAGTACCCAACGATT
TATCACCTCAGAAAAAAGCTAGTTGACTCAACTGATAAAGCGGACCTGAGGTTAATCTACTTGGCTCTTGCCCATAT
GATAAAGTTCCGTGGGCACTTTCTCATTGAGGGTGATCTAAATCCGGACAACTCGGATGTCGACAAACTGTTCATCC
AGTTAGTACAAACCTATAATCAGTTGTTTGAAGAGAACCCTATAAATGCAAGTGGCGTGGATGCGAAGGCTATTCTT
AGCGCCCGCCTCTCTAAATCCCGACGGCTAGAAAACCTGATCGCACAATTACCCGGAGAGAAGAAAAATGGGTTGTT
CGGTAACCTTATAGCGCTCTCACTAGGCCTGACACCAAATTTTAAGTCGAACTTCGACTTAGCTGAAGATGCCAAAT
TGCAGCTTAGTAAGGACACGTACGATGACGATCTCGACAATCTACTGGCACAAATTGGAGATCAGTATGCGGACTTA
TTTTTGGCTGCCAAAAACCTTAGCGATGCAATCCTCCTATCTGACATACTGAGAGTTAATACTGAGATTACCAAGGC
GCCGTTATCCGCTTCAATGATCAAAAGGTACGATGAACATCACCAAGACTTGACACTTCTCAAGGCCCTAGTCCGTC
AGCAACTGCCTGAGAAATATAAGGAAATATTCTTTGATCAGTCGAAAAACGGGTACGCAGGTTATATTGACGGCGGA
GCGAGTCAAGAGGAATTCTACAAGTTTATCAAACCCATATTAGAGAAGATGGATGGGACGGAAGAGTTGCTTGTAAA
ACTCAATCGCGAAGATCTACTGCGAAAGCAGCGGACTTTCGACAACGGTAGCATTCCACATCAAATCCACTTAGGCG
AATTGCATGCTATACTTAGAAGGCAGGAGGATTTTTATCCGTTCCTCAAAGACAATCGTGAAAAGATTGAGAAAATC
CTAACCTTTCGCATACCTTACTATGTGGGACCCCTGGCCCGAGGGAACTCTCGGTTCGCATGGATGACAAGAAAGTC
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CGAAGAAACGATTACTCCATGGAATTTTGAGGAAGTTGTCGATAAAGGTGCGTCAGCTCAATCGTTCATCGAGAGGA
TGACCAACTTTGACAAGAATTTACCGAACGAAAAAGTATTGCCTAAGCACAGTTTACTTTACGAGTATTTCACAGTG
TACAATGAACTCACGAAAGTTAAGTATGTCACTGAGGGCATGCGTAAACCCGCCTTTCTAAGCGGAGAACAGAAGAA
AGCAATAGTAGATCTGTTATT CAAGACCAACCGCAAAGTGACAGTTAAGCAATTGAAAGAGGACTACTTTAAGAAAA
TTGAATGCTTCGATTCTGTCGAGATCTCCGGGGTAGAAGATCGATTTAATGCGTCACTTGGTACGTATCATGACCTC
CTAAAGATAATTAAAGATAAGGACTTCCTGGATAACGAAGAGAATGAAGATATCTTAGAAGATATAGTGTTGACTCT
TACCCTCTTTGAAGATCGGGAAATGATTGAGGAAAGACTAAAAACATACGCTCACCTGTTCGACGATAAGGTTATGA
AACAGTTAAAGAGGCGTCGCTATACGGGCTGGGGACGATTGTCGCGGAAACTTATCAACGGGATAAGAGACAAGCAA
AGTGGTAAAACTATTCTCGATTTTCTAAAGAGCGACGGCTTCGCCAATAGGAACTTTATGCAGCTGATCCATGATGA
CTCTTTAACCTTCAAAGAGGATATACAAAAGGCACAGGTTTCCGGACAAGGGGACTCATTGCACGAACATATTGCGA
ATCTTGCTGGTTCGCCAGCCATCAAAAAGGGCATACTCCAGACAGTCAAAGTAGTGGATGAGCTAGTTAAGGTCATG
GGACGTCACAAACCGGAAAACATTGTAATCGAGATGGCACGCGAAAATCAAACGACTCAGAAGGGGCAAAAAAACAG
TCGAGAGCGGATGAAGAGAATAGAAGAGGGTATTAAAGAACTGGGCAGCCAGATCTTAAAGGAGCATCCTGTGGAAA
ATACCCAATTGCAGAACGAGAAACTTTACCTCTATTACCTACAAAATGGAAGGGACATGTATGTTGATCAGGAACTG
GACATAAACCGTTTATCTGATTACGACGTCGATGCCATTGTACCCCAATCCTTTTTGAAGGACGATTCAATCGACAA
TAAAGTGCTTACACGCTCGGATAAGAACCGAGGGAAAAGTGACAATGTTCCAAGCGAGGAAGTCGTAAAGAAAATGA
AGAACTATTGGCGGCAGCTCCTAAATGCGAAACTGATAACGCAAAGAAAGTTCGATAACTTAACTAAAGCTGAGAGG
GGTGGCTTGTCTGAACTTGACAAGGCCGGATTTATTAAACGTCAGCTCGTGGAAACCCGCCAAATCACAAAGCATGT
TGCACAGATACTAGATTCCCGAATGAATACGAAATACGACGAGAACGATAAGCTGATTCGGGAAGTCAAAGTAATCA
CTTTAAAGTCAAAATTGGTGTCGGACTTCAGAAAGGATTTTCAATTCTATAAAGTTAGGGAGATAAATAACTACCAC
CATGCGCACGACGCTTATCTTAATGCCGTCGTAGGGACCGCACTCATTAAGAAATACCCGAAGCTAGAAAGTGAGTT
TGTGTATGGTGATTACAAAGTTTATGACGTCCGTAAGATGATCGCGAAAAGCGAACAGGAGATAGGCAAGGCTACAG
CCAAATACTTCTTTTATTCTAACATTATGAATTTCTTTAAGACGGAAATCACTCTGGCAAACGGAGAGATACGCAAA
CGACCTTTAATTGAAACCAATGGGGAGACAGGTGAAATCGTATGGGATAAGGGCCGGGACTTCGCGACGGTGAGAAA
AGTTTTGTCCATGCCCCAAGTCAACATAGTAAAGAAAACTGAGGTGCAGACCGGAGGGTTTTCAAAGGAATCGATTC
TTCCAAAAAGGAATAGTGATAAGCTCATCGCTCGTAAAAAGGACTGGGACCCGAAAAAGTACGGTGGCTTCGATAGC
CCTACAGTTGCCTATTCTGTCCTAGTAGTGGCAAAAGTTGAGAAGGGAAAATCCAAGAAACTGAAGTCAGTCAAAGA
ATTATTGGGGATAACGATTATGGAGCGCTCGTCTTTTGAAAAGAACCCCATCGACTTCCTTGAGGCGAAAGGTTACA
AGGAAGTAAAAAAGGATCTCATAATTAAACTACCAAAGTATAGTCTGTTTGAGTTAGAAAATGGCCGAAAACGGATG
TTGGCTAGCGCCGGAGAGCTTCAAAAGGGGAACGAACTCGCACTACCGTCTAAATACGTGAATTTCCTGTATTTAGC
GTCCCATTAC GAGAAGTTGAAAGGTTCACCTGAAGATAACGAACAGAAGCAACTTTTTGTT GAGCAGCACAAACATT
ATCTCGACGAAATCATAGAGCAAATTTCGGAATTCAGTAAGAGAGTCATCCTAGCTGATGCCAATCTGGACAAAGTA
TTAAGCGCATACAACAAGCACAGGGATAAACCCATACGTGAGCAGGCGGAAAATATTATCCATTTGTTTACTCTTAC
CAACCTCGGCGCTCCAGCCGCATTCAAGTATTTTGACACAACGATAGATCGCAAACGATACACTTCTACCAAGGAGG
TGCTAGACGCGACACTGATTCACCAATCCATCACGGGATTATATGAAACTCGGATAGATTTGTCACAGCTTGGGGGT

GACc (SEQID NO:53)

[00219] fCas9:

ATGGACTACAAAGACCATGACGGTGATTATAAAGATCATGACATCGATTACAAGGATGACGATGACAAGATGGCCCC
CAAGAAGAAGAGGAAGGTGGGCATTCACCGCGGGGTACCTGGAGGTTCTGGATCCCAACTAGTCAAAAGTGAACTGG
AGGAGAAGAAATCTGAACTTCGTCATAAATTGAAATATGTGCCTCATGAATATATTGAATTAATTGAAATTGCCAGA
AATTCCACTCAGGATAGAATTCTTGAAATGAAGGTAATGGAATTTTTTATGAAAGTTTATGGATATAGAGGTAAACA
TTTGGGTGGATCAAGGAAACCGGACGGAGCAATTTATACTGTCGGATCTCCTATTGATTACGGTGTGATCGTGGATA
CTAAAGCTTATAGCGGAGGTTATAATCTGCCAATTGGCCAAGCAGATGAAATGCAACGATATGTCGAAGAAAATCAA
ACACGAAACAAACATATCAACCCTAATGAATGGTGGAAAGTCTATCCATCTTCTGTAACGGAATTTAAGTTTTTATT
TGTGAGTGGTCACTTTAAAGGAAACTACAAAGCTCAGCTTACACGATTAAATCATATCACTAATTGTAATGGAGCTG
TTCTTAGTGTAGAAGAGCTTTTAATTGGTGGAGAAATGATTAAAGCCGGCACATTAACCTTAGAGGAAGTCAGACGG
AAATTTAATAACGGCGAGATAAACTTTAGCGGCAGCGAGACTCCCGGGACCTCAGAGTCCGCCACACCCGAAAGTGA
TAAAAAGTATTCTATTGGTTTAGCTATCGGCACTAATTCCGTTGGATGGGCTGTCATAACCGATGAATACAAAGTAC
CTTCAAAGAAATTTAAGGTGTTGGGGAACACAGACCGTCATTCGATTAAAAAGAATCTTATCGGTGCCCTCCTATTC
GATAGTGGCGAAACGGCAGAGGCGACTCGCCTGAAACGAACCGCTCGGAGAAGGTATACACGTCGCAAGAACCGAAT
ATGTTACTTACAAGAAATTTTTAGCAATGAGATGGCCAAAGTTGACGATTCTTTCTTTCACCGTTTGGAAGAGTCCT
TCCTTGTCGAAGAGGACAAGAAACATGAACGGCACCCCATCTTTGGAAACATAGTAGATGAGGTGGCATATCATGAA
AAGTACCCAACGATTTATCACCT CAGAAAAAAGCTAGTTGACTCAACTGATAAAGCGGACCTGAGGTTAATCTACTT
GGCTCTTGCCCATATGATAAAGTTCCGTGGGCACTTTCTCATTGAGGGTGATCTAAATCCGGACAACTCGGATGTCG
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ACAAACTGTTCATCCAGTTAGTACAAACCTATAATCAGTTGTTTGAAGAGAACCCTATAAATGCAAGTGGCGTGGAT
GCGAAGGCTATTCTTAGCGCCCGCCTCTCTAAATCCCGACGGCTAGAAAACCTGATCGCACAATTACCCGGAGAGAA
GAAAAATGGGTTGTTCGGTAACCTTATAGCGCTCTCACTAGGCCTGACACCAAATTTTAAGTCGAACTTCGACTTAG
CTGAAGATGCCAAATTGCAGCTTAGTAAGGACACGTACGATGACGATCTCGACAATCTACTGGCACAAATTGGAGAT
CAGTATGCGGACTTATTTTTGGCTGCCAAAAACCTTAGCGATGCAATCCTCCTATCTGACATACTGAGAGTTAATAC
TGAGATTACCAAGGCGCCGTTATCCGCTTCAATGATCAAAAGGTACGATGAACATCACCAAGACTTGACACTTCTCA
AGGCCCTAGTCCGTCAGCAACTGCCTGAGAAATATAAGGAAATATTCTTTGATCAGTCGAAAAACGGGTACGCAGGT
TATATTGACGGCGGAGCGAGTCAAGAGGAATTCTACAAGTTTATCAAACCCATATTAGAGAAGATGGATGGGACGGA
AGAGTTGCTTGTAAAACTCAATCGCGAAGATCTACTGCGAAAGCAGCGGACTTTCGACAACGGTAGCATTCCACATC
AAATCCACTTAGGCGAATTGCATGCTATACTTAGAAGGCAGGAGGATTTTTATCCGTTCCTCAAAGACAATCGTGAA
AAGATTGAGAAAATCCTAACCTTTCGCATACCTTACTATGTGGGACCCCTGGCCCGAGGGAACTCTCGGTTCGCATG
GATGACAAGAAAGTCCGAAGAAACGATTACTCCATGGAATTTTGAGGAAGTTGTCGATAAAGGTGCGTCAGCTCAAT
CGTTCATC GAGAGGATGACCAACTTTGACAAGAATTTACCGAACGAAAAAGTATTGCCTAAGCACAGTTTACTTTAC
GAGTATTTCACAGTGTACAATGAACTCACGAAAGTTAAGTATGTCACTGAGGGCATGCGTAAACCCGCCTTTCTAAG
CGGAGAACAGAAGAAAGCAATAGTAGATCTGTTATTCAAGACCAACCGCAAAGTGACAGTTAAGCAATTGAAAGAGG
ACTACTTTAAGAAAATTGAATGCTTCGATTCTGTCGAGATCTCCGGGGTAGAAGATCGATTTAATGCGTCACTTGGT
ACGTATCAT GACCTCCTAAAGATAATTAAAGATAAGGACTTCCTGGATAACGAAGAGAATGAAGATATCTTAGAAGA
TATAGTGTTGACTCTTACCCTCTTTGAAGATCGGGAAATGATTGAGGAAAGACTAAAAACATACGCTCACCTGTTCG
ACGATAAGGTTATGAAACAGTTAAAGAGGCGTCGCTATACGGGCTGGGGACGATTGTCGCGGAAACTTATCAACGGG
ATAAGAGACAAGCAAAGTGGTAAAACTATTCTCGATTTTCTAAAGAGCGACGGCTTCGCCAATAGGAACTTTATGCA
GCTGATCCATGATGACTCTTTAACCTTCAAAGAGGATATACAAAAGGCACAGGTTTCCGGACAAGGGGACTCATTGC
ACGAACATATTGCGAATCTTGCTGGTTCGCCAGCCATCAAAAAGGGCATACTCCAGACAGTCAAAGTAGTGGATGAG
CTAGTTAAGGTCATGGGACGTCACAAACCGGAAAACATTGTAATCGAGATGGCACGCGAAAATCAAACGACTCAGAA
GGGGCAAAAAAACAGTCGAGAGCGGATGAAGAGAATAGAAGAGGGTATTAAAGAACTGGGCAGCCAGATCTTAAAGG
AGCATCCTGTGGAAAATACCCAATTGCAGAACGAGAAACTTTACCTCTATTACCTACAAAATGGAAGGGACATGTAT
GTTGATCAGGAACTGGACATAAACCGTTTATCTGATTACGACGTCGATGCCATTGTACCCCAATCCTTTTTGAAGGA
CGATTCAATCGACAATAAAGTGCTTACACGCTCGGATAAGAACCGAGGGAAAAGTGACAATGTTCCAAGCGAGGAAG
TCGTAAAGAAAATGAAGAACTATTGGCGGCAGCTCCTAAATGCGAAACTGATAACGCAAAGAAAGTTCGATAACTTA
ACTAAAGCTGAGAGGGGTGGCTTGTCTGAACTTGACAAGGCCGGATTTATTAAACGTCAGCTCGTGGAAACCCGCCA
AATCACAAAGCATGTTGCACAGATACTAGATTCCCGAATGAATACGAAATACGACGAGAACGATAAGCTGATTCGGG
AAGTCAAAGTAATCACTTTAAAGTCAAAATTGGTGTCGGACTTCAGAAAGGATTTTCAATTCTATAAAGTTAGGGAG
ATAAATAACTACCACCATGCGCACGACGCTTATCTTAATGCCGTCGTAGGGACCGCACTCATTAAGAAATACCCGAA
GCTAGAAAGTGAGTTTGTGTATGGTGATTACAAAGTTTATGACGTCCGTAAGATGATCGCGAAAAGCGAACAGGAGA
TAGGCAAGGCTACAGCCAAATACTTCTTTTATTCTAACATTATGAATTTCTTTAAGACGGAAATCACTCTGGCAAAC
GGAGAGATACGCAAACGACCTTTAATTGAAACCAATGGGGAGACAGGTGAAATCGTATGGGATAAGGGCCGGGACTT
CGCGACGGTGAGAAAAGTTTTGTCCATGCCCCAAGTCAACATAGTAAAGAAAACTGAGGTGCAGACCGGAGGGTTTT
CAAAGGAATCGATTCTTCCAAAAAGGAATAGTGATAAGCTCATCGCTCGTAAAAAGGACTGGGACCCGAAAAAGTAC
GGTGGCTTCGATAGCCCTACAGTTGCCTATTCTGTCCTAGTAGTGGCAAAAGTTGAGAAGGGAAAATCCAAGAAACT
GAAGTCAGTCAAAGAATTATTGGGGATAACGATTATGGAGCGCTCGTCTTTTGAAAAGAACCCCATCGACTTCCTTG
AGGCGAAAGGTTACAAGGAAGTAAAAAAGGATCTCATAATTAAACTACCAAAGTATAGTCTGTTTGAGTTAGAAAAT
GGCCGAAAACGGATGTTGGCTAGCGCCGGAGAGCTTCAAAAGGGGAACGAACTCGCACTACCGTCTAAATACGTGAA
TTTCCTGTATTTAGCGTCCCATTACGAGAAGTTGAAAGGTTCACCTGAAGATAACGAACAGAAGCAACTTTTTGTTG
AGCAGCACAAACATTATCTCGACGAAATCATAGAGCAAATTTCGGAATTCAGTAAGAGAGTCATCCTAGCTGATGCC
AATCTGGACAAAGTATTAAGCGCATACAACAAGCACAGGGATAAACCCATACGTGAGCAGGCGGAAAATATTATCCA
TTTGTTTACTCTTACCAACCTCGGCGCTCCAGCCGCATTCAAGTATTTTGACACAACGATAGATCGCAAACGATACA
CTTCTACCAAGGAGGTGCTAGACGCGACACTGATTCACCAATCCATCACGGGATTATATGAAACTCGGATAGATTTG

TCACAGCTTGGGGGTGAC (SEQ 1D NO:54)
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[00220] In some embodiments, the enzymatic domain comprises arecombinase or
catalytic domain thereof. For example, in some embodiments, the genera architecture of
exemplary ligand-dependent dCas9 fusion proteins with arecombinase domain comprises the
structure:
[NH,]-[NL S]-[dCas9]-[recombinase]-[ COOH],
[NH,]-[NLS]-[ recombinase]-[dCas9]-[ COOH],
[NH,]-[dCas9]-[ recombinase]-[COOH], or
[NH,]-[ recombinase]-[dCas9]-[ COOH];
wherein NLS isanuclear localization signal, NH, isthe N-terminus of the fusion protein, and
COOH isthe C-terminus of the fusion protein. In some embodiments, alinker isinserted
between the dCas9 and the recombinase domain. In some embodiments, alinker isinserted
between the NL S and the recombinase and/or dCas9 domain. In some embodiments, the NLS is
located C-terminal of the recombinase domain and/or the dCas9 domain. In some embodiments,
the NLS islocated between the recombinase domain and the dCas9 domain. Additional features,
such as sequence tags, may also be present. By "catalytic domain of arecombinase,” it is meant
that a fusion protein includes a domain comprising an amino acid sequence of (eg., derived
from) arecombinase, such that the domain is sufficient to induce recombination when contacted
with atarget nucleic acid (either alone or with additional factors including other recombinase
catalytic domains which may or may not form part of the fusion protein). In some embodiments,
a catalytic domain of arecombinase does not include the DNA binding domain of the
recombinase. In some embodiments, the catalytic domain of arecombinase includes part or all
of arecombinase, eg., the catalytic domain may include arecombinase domain and a DNA
binding domain, or parts thereof, or the catalytic domain may include arecombinase domain and
aDNA binding domain that is mutated or truncated to abolish DNA binding activity.
Recombinases and catalytic domains of recombinases are known to those of skill in the art, and
include, for example, those described herein. In some embodiments, the catalytic domain is
derived from any recombinase. In some embodiments, the recombinase catalytic domainisa
catalytic domain of aTn3 resolvase, aHin recombinase, or a Gin recombinase. In some
embodiments, the catalytic domain comprises a Tn3 resolvase (e.g., Stark Tn3 recombinase) that
is encoded by anucleotide sequence comprising, in part or in whole, SEQ ID NO:55, as provided
below. In some embodiments, a Tn3 catalytic domain is encoded by avariant of SEQ ID NO:55.

91



WO 2016/070129 PCT/US2015/058479

In some embodiments, aTn3 catalytic domain is encoded by apolynuclectide (or avariant
thereof) that encodes the polypeptide corresponding to SEQ ID NO:56. In some embodiments,
the catalytic domain comprises a Hin recombinase that is encoded by anucleotide sequence
comprising, in part or in whole, SEQ ID NO:57, asprovided below. In some embodiments, a
Hin catalytic domain is encoded by avariant of SEQ ID NO:57. In some embodiments, aHin
catalytic domain is encoded by apolynucleotide (or avariant thereof) that encodes the
polypeptide corresponding to SEQ ID NO:58. In some embodiments, the catalytic domain
comprises a Gin recombinase (e.g. , Gin beta recombinase) that is encoded by anucleotide
sequence comprising, in part or in whole, SEQ ID NO:59, asprovided below. In some
embodiments, aGin catalytic domain is encoded by avariant of SEQ ID NO:59. In some
embodiments, aGin catalytic domain is encoded by apolynucleotide (or avariant thereof) that
encodes the polypeptide corresponding to SEQ ID NO: 60. Other exemplary compositions and
methods of using dCas9-recombinase fusion proteins can be found in U.S. patent application
U.S.S.N 14/320,467; titled "Cas9 Variants and Uses Thereof,” filed June 30, 2014; the entire

contents of which are incorporated herein by reference.

[00221] Stark Tn3 recombinase (nucleotide: SEQ ID NO:55; amino acid: SEQ ID NO:56):

ATGGCCCTGTTTGGCTACGCACGCGTGTCTACCAGTCAACAGTCACTCGATTTGCAAGTGAGGGCTCTTAAAGATGC
CGGAGTGAAGGCAAACAGAATTTTTACTGATAAGGCCAGCGGAAGCAGCACAGACAGAGAGGGGCTGGATCTCCTGA
GAATGAAGGTAAAGGAGGGTGATGTGATCTTGGTCAAAAAATTGGATCGACTGGGGAGAGACACAGCTGATATGCTT
CAGCTTATTAAAGAGTTTGACGCTCAGGGTGTTGCCGTGAGGTTTATCGATGACGGCATCTCAACCGACTCCTACAT
TGGTCTTATGTTTGTGACAATTTTGTCCGCTGTGGCTCAGGCTGAGCGGAGAAGGATTCTCGAAAGGACGAATGAGG

GACGGCAAGCAGCTAAGTTGAAAGGTATCAAATTTGGCAGACGAAGESEQ ID NO:55)

MALFGY ARV STSQQSLDLQVRALKDAGVKANRIFTDKASGS STDREGLDLLRMKVKEGDVI LVKKLDRLGRDTADML
QLIKEFDAQGVAVRFI DDGI STDSYIGLMFVT | LSAVAQAERRRILERTNEGRQAAKLKGIKFGRRR (SEQ ID
NO:56)

[00222] Hin Recombinase (nucleotide: SEQ ID NO:57; amino acid: SEQ ID NO:58):

ATGGCAACCATTGGCTACATAAGGGTGTCTACCATCGACCAAAATATCGACCTGCAGCGCAACGCTCTGACATCCGC
CAACTGCGATCGGATCTTCGAGGATAGGATCAGTGGCAAGATCGCCAACCGGCCCGGTCTGAAGCGGGCTCTGAAGT
ACGTGAATAAGGGCGATACTCTGGTTGTGTGGAAGTTGGATCGCTTGGGTAGATCAGTGAAGAATCTCGTAGCCCTG
ATAAGCGAGCTGCACGAGAGGGGTGCACATTTCCATTCTCTGACCGATTCCATCGATACGTCTAGCGCCATGGGCCG
ATTCTTCTTTTACGTCATGTCCGCCCTCGCTGAAATGGAGCGCGAACTTATTGTTGAACGGACTTTGGCTGGACTGG

CAGCGGCTAGAGCACAGGGCCGACTTGGA (SEQ ID NO:57)

MATIGYIRVST | DQNI DLQRNALTSANCDRIFEDRI SGKIANRPGLKRALKYVNKGDTLWWKLDRLGRSVKNLVAL
| SELHERGAHFHSLTDS| DTSSAMGRFFFYVMSALAEMERELIVERTLAGLAAARAQGRLG (SEQ ID NO:58)
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[00223] Gin beta recombinase (nucleotide: SEQ ID NO:59; amino acid: SEQ ID NO:60):

ATGCTCATTGGCTATGTAAGGGTCAGCACCAATGACCAAAACACAGACTTGCAACGCAATGCTTTGGTTTGCGCCGG
ATGTGAACAGATATTTGAAGATAAACTGAGCGGCACTCGGACAGACAGACCTGGGCTTAAGAGAGCACTGAAAAGAC
TGCAGAAGGGGGACACCCTGGTCGTCTGGAAACTGGATCGCCTCGGACGCAGCATGAAACATCTGATTAGCCTGGTT
GGTGAGCTTAGGGAGAGAGGAATCAACTTCAGAAGCCTGACCGACTCCATCGACACCAGTAGCCCCATGGGACGATT
CTTCTTCTATGTGATGGGAGCACTTGCTGAGATGGAAAGAGAGCTTATTATCGAAAGAACTATGGCTGGTATCGCTG

CTGCCCGGAACAAAGGCAGACGGTTCGGCAGACCGCCGAAGAGCGGC (SEQ ID NO:59)

MLIGYVRVSTNDQNTDLQRNALVCAGCEQI FEDKLSGTRTDRPGLKRALKRLQKGDTLWWKLDRLGRSMKHLI SLV
GELRERGINFRSLTDS 1IDTSSPMGRFFFYVMGALAEMERELI IERTMAGIAAARNKGRRFGRPPKSG (SEQ 1D
NO:60)

[00224] In some embodiments, the enzymatic domain comprises a deaminase or a
catalytic domain thereof. For example, in some embodiments, the general architecture of
exemplary dCas9 fusion proteins with a deaminase enzyme or domain comprises the structure:
[NH,]-[NLS]-[Cas9]-[deaminase]-[ COOH],
[NH,]-[NL S]-[deaminasg]-[ Cas9]-[ COOH],
[NH,]-[Cas9]-[deaminase]-[ COOH], or
[NH,]-[deaminase]-[ Cas9]-[ COOH];
wherein NLS isanuclear localization signal, NH, is the N-terminus of the fusion protein, and
COOH isthe C-terminus of the fusion protein. In some embodiments, alinker isinserted
between the dCas9 and the deaminase domain. In some embodiments, alinker isinserted
between the NL S and the deaminase and/or dCas9 domain. In some embodiments, the NLS is
located C-terminal of the deaminase and/or the dCas9 domain. In some embodiments, the NLS
islocated between the deaminase domain and the dCas9 domain. Additional features, such as
sequence tags, may also be present. One exemplary suitable type of nucleic acid-editing
enzymes and domains are cytosine deaminases, for example, of the apolipoprotein B mRNA-
editing complex (APOBEC) family of cytosine deaminase enzymes, including activation-
induced cytidine deaminase (AID) and apolipoprotein B editing complex 3 (APOBEC3) enzyme.
Another exemplary suitable type of nucleic acid-editing enzyme and domain thereof suitable for
use in the present invention include adenosine deaminases. For example, an ADAT family
adenosine deaminase can be fused to a dCas9 domain. Some exemplary suitable nucleic-acid
editing enzymes and domains, e.g., deaminases and deaminase domains, that can be fused to
dCas9 domains according to aspects of this disclosure are provided below. It will be understood

that, in some embodiments, the active domain of the respective sequence can be used, e.g., the
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domain without alocalizing signal (nuclear localizing signal, without nuclear export signal,
cytoplasmic localizing signal). Other exemplary compositions and methods of using dCas9-
nuclease fusion proteins can be found in U.S. patent application U.S.S.N 14/325,815; titled
"Fusions of Cas9 Domains and Nucleic Acid-Editing Domains,” filed July 8, 2014, the entire
contents of which are incorporated herein by reference.

[00225] Human AID:

MDSL L MNRRKFL YOFKNVRWAKGRRET YL C YWKRRDSAT SFSL DFGYL RNKNGCHVEL L FLRY! SDWDL DPGRCYR
VTWETSWSPCYDCARHVADFL RGNPNL SLRI FTARL YFCEDRKAEPEGL RRLHRAGVQ Al MTFKDYFYCWNTFVEN
HERTFKAWEGL HENSVRLSRQLRRI LLP LYEVDDLRDAFRTLG. (SEQ ID NO:61)

(underline: nuclear localization signal; double underline: nuclear export signal)

[00226] Mouse AID:

MDSL L MKQKKFL YHFKNVRWAKGRHET YL C YWKRRDSAT SCSL DFGHL RNKSGCHVEL L FLRYl SDWDLDPGRCYR
VTWETSWSPCYDCARHVAEFL RWNPNL SLRI FTARL YFCEDRKAEPEGL RRLHRAGVQ GI MTFKDYFYCWNTFVEN
RERTFKAWEGL HENSVRLTRQLRRI LLP LYEVDDLRDAFRMLGF  (SEQ ID NO:62)

(underline: nuclear localization signal; double underline: nuclear export signal)

[00227] Dog AID:

MDSL L MKQRKFL YHFKNVRWAKGRHET YL C YWKRRDSAT SFSL DFGHL RNKSGCHVEL L FLRY! SDWDLDPGRCYR
VTWETSWSPCYDCARHVADFLRGYPNLSLRI FAARL YFCEDRKAEPEGL RRLHRAGVQ Al MTFKDYFYCWNTFVEN
REKTFKAWEGL HENSVRLSRQLRRI LLP LYEVDDLRDAFRTLG. (SEQ ID NO:63)

(underline: nuclear localization signal; double underline: nuclear export signal)

[00228] Bovine AID:

MDSL L KKQROFL YQFKNVRWAKGRHET YL C YWKRRDSPTSFSL DFGHL RNKAGCHVEL LFLRYI SDWDLDPGRCYR
VTWFTSWSPCYDCARHVADFLRGYPNLSLRI FTARL YFCDKERKAEPEGL RRLHRAGVQ Al MTFKDYFYCWNTFVE
NHERTFKAWEGLHENSVRLSRQLRRI LLP LYEVDDLRDAFRTLGL (SEQ ID NO:64)

(underline: nuclear localization signal; double underline: nuclear export signal)

[00229] Mouse APOBEC-3:

MGPFCLGCSHRKCYSPI RNLI SQETFKFHFKNL GYAKGRKDTFL CYEVTRKDCDSPVSLHHGVFKNKDNI - HAEI CFL
YWEHDKVLKVL SPREEFKI TWMBWSPCFECAEQ VRFLATHHNL SLDI FSSRL YNVQDPETQONL CRLVQEGAQVA
AVDL YEFKKCOWKKFVDNGGRRFRPVKRL L TNFRYQDSKL QEl LRPCY! PVPSSSSSTLSNI CLTKGLPETRFCVEGR
RVDPL SEEEFYSQFYNQRVKHL CYYHRVKPYL CYQL EQFNGQAPL KGCL L SEKGKQ HAEI LFLDKI RSVMELSQVTI T
CYLTWSPCPNCAWQL AAFKRDRPDLI LHI YTSRL YFHWKRPFQKGL CSLWQSG L VDVVDL PQFTDOWTNFVNPKRP

Frr PwKGLET | SRRTQRRLRRI KESWGLQDLVNDFGNLQLGPPMVS  (SEQ 1D NO:65)
(underline: nucleic acid editing domain)
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[00230] Rat APOBEC-3:

MGPFCLGCSHRKCYSPI RNLI SQETFKFHFKNLRYAI DRKDTFLCYEVTRKDCDSPVSLHHGVFKNKDNI - HAEI CFL
YWFHDKVLKVL SPREEFKI TWYVBWSPCFEC AEQVLRFLATHHNLSLDI FSSRLYNI RDPENQONL CRLVQEGAQVA
ANMDL YEFKKCWKKFVDNGGERRFRPWKKLL TNFRYQDSKL CQEI LRPCY! PVPSSSSSTLSNI CLTKG.PETRFCVERR
RVHLL SEEEFYSCQF YNQRVKHL CYYHGVKPYLCYQLEQFNGQAPLKGCLLSEKGKQ HAEI LFLDKI RSVELSQVI 1T
CYLTWSPCPNCAWQL AAFKRDRPDLI LHI YTSRLYFHWKRPFQKGLCSLWSG L VDVVDL POFTDCWE NFVNPKRP

Frr PwKGLET | SRRTQRRLHRI KESWGLQDLVNDFGNLQLGPPMS  (SEQ 1D NO:66)
(underline: nucleic acid editing domain)

[00231] Rhesus macaque APOBEC-3G:

MVEPNVDPRTFVSNFNNRPI LSG.NTVW.CCEVKTKDPSGPPLDAKI FQ GKVYSKAKYHPEMRFLRWFHKWRQLHHDQ
Ey KVTW VSWEPCTPCANSVATFLAKDPKVTLTI FVARLYYFWKPDYQQALRI L COKRGGPHATMKI MNYNEFQDCW
NKFVDGRGKPFKPRNNL PKHYTLL QATL GEL L RHLMDPGT FTSNFNNKPW/SGOHET YL CYKVERL HNDTW/PL NQH
RGFLRNQAPN I EGFPKGRHAEL CFLDLI PFVKL DGQQYRVTCFTSWSPCFSCAQEMAKF I SNNEHVSLCI FAARI YD
DQGRYQEGL RALHRDGAKI AMVNY SEFEYCWDT FVDRQGRPFOQPWDG. DEHSQAL SGRL RAI (SEQ ID NO:67)

(bold italic: nucleic acid editing domain; underline: cytoplasmic localization signal)

[00232] Chimpanzee APOBEC-3G:

MKPHFRNPVERMYQDTFSDNFYNRPI L SHRNTVW. CYEVKTKGPSRPPL DAKI FRGOVYSKL KYHPENVRFFHWFSKW
RKLHRDCQEYEVTWY 1 SWEPCTKC TRDVATFLAEDPKVTLTI FVARLYYFWDPDYQEAL RSL CQKRDGPRATMKI MNY
DEFQHCOWEKFVYSQREL FEPWNNL PKYY! LLH M_GEl LRHSVDPPTFTSNFNNELWRGRHETYLCYEVERLHNDT
W/LLNQRRGFL CNQAPHKHGFLEGR HAEL CFL DVI PEVIKL DL HODYRVTCFTSWSPCFSC AQEMAKFI SNNKHVSLC
| FAARI YDDQGRCQEGLRTLAKAGAKI SI MTI'YSEFKHCWDT FVDHQGCPFQPWDGL EEHSQAL SGRLRAI LQNQGN

(SEQ ID NO:68)
(underline: nucleic acid editing domain; double underline: cytoplasmic localization signal)

[00233] Green monkey APOBEC-3G:

M\PQ RNMVEQVEPDI FVYYENNRPI L SGRNTVW.CYEVKTKDPSGPPLDANI FQGKL YPEAKDHPENKEL HWERKW
ROLHRDQEYEVTWVSWSPCTRC ANSVATFLAEDPKVTLTI FVARLYYFWKPDYQQALRI L CQERGGPHATMKI MNY
NEFQHOWNEFVDGQGKPFKPRKNL PKHYTL L HATL GEL L RHVNMDPGT FTSNFNNKPW/SGQRET YL CYKVERSHNDT
WL L NQHRGFL RNQAPDRHGFPKGR HAEL CFLDLI PFVKL DDQQYRVT CFTSWSPCFSC AQKMAKFI SNNKHVSLC
FAARI YDDQGRCQEGL RTLHRDGAKI AVNYSEFEYCWDTFVDRQGRPFQPWDGLDEHSQALSGRLRAI  (SEQ ID
NO:69)

(underline: nucleic acid editing domain; double underline: cytoplasmic localization signal)

[00234] Human APOBEC-3G:

MKPHFRNTVERMYRDTFSYNFYNRPI L SRRNTVW. CYEVKTKGPSRPPL DAKI FRGOVYSEL KYHPENVRFFHWFSKW
RKLHRDCQEYEVTWY 1 SWEPCTKC TRDMATFLAEDPKVTLTI FVARLYYFWDPDYQEAL RSL CQKRDGPRATMKI MNY
DEFQHCOWEKFVYSQREL FEPWNNL PKYY! LLH M_GEl LRHSVDPPTFTFNFNNEPW/RGRHET YL CYEVERVHNDT
W/LLNQRRGFL CNQAPHKHGFLEGR HAEL CFL DVI PEVIKL DL DQDYRVTCFTSWSPCFSC ACEMAKFI SKNKHVSLC
| FTARI YDDQGRCQEGLRTLAEAGAKI SI MTI'YSEFKHCWDT FVDHQGCPFQPWDGL DEHSQDL SGRLRAI LQNQEN

(SEQ ID NO:70)
(underline: nucleic acid editing domain; double underline: cytoplasmic localization signal)
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[00235] Human APOBEC-3F:

MKPHFRNTVERMYRDTFSYNFYNRPI L SRRNTVW.CYEVKTKGPSRPRL DAKI FRGQVYSQPEH HAEMCFL SWFCGN
QLPAYKCFQ TWFVSWT PCPDCVAKLAEFLAEHPNVTLTI SAARLYYYWERDYRRAL CRL SQAGARVKI MDDEEFAY
CVENFVYSEGQPFMPWYKFDDNYAFLHRTLKEI LRNPMEAMYPHI FYFHFKNL RKAYGRNESW. CFTVEVWKHHSPYV

SVKRGVFRNQVDPETHCHAERCFL SWFCDDI L SPNTNYEVTWY TSWEPCPECAGEVAEFLARHSNVNLTI FTARLYY

FWDTDYQEGL RSL SQEGASVEI MGYKDFKYCWENFVYNDDEPFKPVWKGLKYNFLFLDSKLQEI LE (SEQ ID
NO:71)
(underline: nucleic acid editing domain)

[00236] Human APOBEC-3B:

MNPQ RNPVERMYRDTFYDNFENEPI LYGRSYTW.CYEVKI KRGRSNL LWDT GVFRGQVYFKPQY HAEMCFL SWFCG
NQLPAYKCFQ TWFVSWIPCPDCVAKLAEFLSEHPNVTLTI SAARL YYYWERDYRRAL CRLSQAGARVTI MDYEEFA
YCOVENFVYNEGQOFMPWYKFDENYAFLHRTLKEI LRYLMDPDTFTFNFNNDPL VLRRROTYLCYEVERLDNGTWLM
DCOHMGFL CNEAKNL L CGFYGRHAEL RFL DLVPSL QL DPAQI YRVTWFI SWEPCFSWECAGEVRAFLQENTHVRLRI F
AARI YDYDPL YKEAL QVL RDAGAQVSI MI'YDEFEYCWDTFVYRQGCPFOPWDGL EEHSQAL SCRLRAI LQNQGN

(SEQ ID NO:72)
(underline: nucleic acid editing domain)

[00237] Human APOBEC-3C:

MNPQ RNPMKAMYPGTFYFQFKNLWEANDRNETW.CFTVEG KRRSWBWKTGVFRNQVDSETH CHAERCFL SWFCD
DI L SPNTKYQVTWY TSWSPCPDCAGEVAEFLARHSNVNLTI FTARL YYFQYPCYQEGLRSL SQEGVAVEI NDYEDFK
YCVENFVYNDNEPFKPWKGLKTNFRLLKRRLRESLQ (SEQ ID NO:73)

(underline: nucleic acid editing domain)

[00238] Human APOBEC-3A:

MEASPASGPRHLMVDPHI FTSNFNNG! GRHKT YL CYEVERL DNGT SVKVDQHRGFL HNQAKNL L CGFYGR HAEL RFLD
LVPSLQLDPAQ YRVTWFI SWSPCFSWECAGEVRAFLQENTHVRLRI FAARI YDYDPL YKEAL QVL RDAGAQVSI MT
YDEFKHCWDT FVDHQGCPFQPWDGL DEHSQAL SGRLRAI LQNQGN (SEQ ID NO:74)

(underline: nucleic acid editing domain)

[00239] Human APOBEC-3H:

MAL L TAETFRL QFNNKRRL RRPYYPRKAL L CYQL TPQNGSTPTRGYFENKKKC HAEI CFI NEI KSMGLDETQCYQVT
CYLTWSPCSSCAWEL VDFI KAHDHLNLG FASRLYYHWCKPQQKGL RL L CGSQVPVEVMGFPKFADCWENFVDHEKP
L SFNPYKM_EEL DKNSRAI KRRLERI KI PGVRAQGRYMDI LCDAEV (SEQ ID NO:75)

(underline: nucleic acid editing domain)

[00240] Human APOBEC-3D:

MNPQ RNPVERMYRDTFYDNFENEPI LYGRSYTW.CYEVKI KRGRSNL LWDT GVFRGPVL PKRQSNHRQEVYFRFEN
HAEMCFL SWFCGNRL PANRRFQ TWFVSWANPCL PCVWKVTKFLAEHPNVTLTI SAARL YYYRDRDWRW/L L RLHKAG
ARVKI MDYEDFAYCWENFVCNEGQPFMPWYKFDDNYASLHRTLKEI LRNPMEAMYPHI FYFHFKNL L KACGRNESWL
CFTMEVTKHHSAVFRKRGVFRNQVDPETHCHAERCFL SWFCDDI L SPNTNYEVTWY TSWSPCPECAGEVAEFLARH S
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NVNLTI FTARLCYFWDTDYQEGL CSL SQEGASVKI MGYKDFVSCWKNFVYSDDEPFKPWKGL QTNFRLLKRRLREI L
Q (SEQ ID NO:76)
(underline: nucleic acid editing domain)

[00241] Human APOBEC-1:

MI'SEKGPSTCDPTLRRRI EPVEFDVFYDPREL RKEACL L YEI KWGVBRKI WRSSGKNT TNHVEVNFI KKFTSERDFH
PSMSCSI TWFL SWEPCWECSQAI REFL SRHPGVTL VI YVARL FWHVDQONRQGLRDLVNSGVTI Q' MRASEYYHCVR
NFVNYPPGDEAHWPQYPPLWVWMLYALELHCI | LSLPPCLKI SRRWNHLTFFRLHLQNCHYQT1 PPHI LLATGLI HP

SVAWR (SEQ ID NO:77)

[00242] Mouse APOBEC- 1;

MSSETGPVAVDPTLRRRI EPHEFEVFFDPRELRKETCLL YEI NWGGRHSVWRHT SQNT SNHVEVNFLEKFTTERYFR
PNTRCSI TWFL SWSPCGECSRAI TEFLSRHPYVTLFI Y1 ARL YHHTDQRNRQGLRDLI SSGVTI Q MTEQEYCYCVR
NFVNYPPSNEAYWPRYPHLW/KLYVLELYCI | LGLPPCLKI LRRKQPQLTFFTI TLQTCHYQRI PPHLLWATGLK

(SEQ ID NO:78)

[00243] Rat APOBEC-1:

MSSETGPVAVDPTLRRRI EPHEFEVFFDPRELRKETCLL YEI NWGGRHSI WRHT SQNTNKHVEVNFI EKFTTERYFC
PNTRCSI TWFLSWSPCGECSRAI TEFLSRYPHVTLFI Y1 ARL YHHADPRNRQGLRDLI SSGVTI Q MTEQESGYCVR
NFVNYSPSNEAHWPRYPHLW/RLYVLELYCI | LGLPPCLNI LRRKQPQLTFFTI ALQSCHYQRLPPHI LWATGLK

(SEQ ID NO:79)

[00244] Human ADAT-2;

MEAKAAPKPAASGACSVSAEETEKVWWEEAMHVAKEAL ENTEVPVGCL MVYNNEWGKGRNEVNQTKNATRHAEMVAI
DQVL DWCRQSGKSPSEVFEHT VL YVTVEPCI MCAAAL RLIVKI PLWYGCQNERFGGCGSVLNI ASADL PNTGRPFQC

| PGYRAEEAVEM_KTFYKQENPNAPKSKVRKKECQKS  (SEQ 1D NO:80)

[00245] Mouse ADAT-2;

MEEKVEST TTPDGPCWSVQET EKWVEEAVMRVAKEAL ENI EVPVGCL MVYNNEVWGCKGRNEVNQTKNATRHAEMVAI
DQVL DWCHOQHGQSPSTVFEHT VL YVTVEPCI MCAAAL RLIVKI PLWYGCQNERFGGCGSVLNI ASADL PNTGRPFQC

| PGYRAEEAVEL LKTFYKQENPNAPKSKVRKKDCQKS (SEQ ID NO:81)

[00246] Mouse ADAT-1:

MATADEI AQL CYAHYNVRL PKQGKPEPNREWILLAAVKI QASANQACDI PEKEVQVTKEW  SMGTGTKCI GQSKMR
ESCDI LNDSHAE! | ARRSFORYLLHQLHLAAVLKEDSI FVPGTQRG-WRLRPDL SFVFFSSHTPCGDASI | PMLEFE
EQPCCPVI RSWANNSPVQETENL EDSKDKRNCEDPASPVAKKVRL GT PARSL SNCVAHHGT QESGPVKPDVSSSDL T
KEEPDAANG ASGSFRWDVYRT GAKCVPGET GDL REPGAAYHQVAL L RVKPGRCGDRT CSMSCSDKMARWNVL GCOG
ALLMHFLEKPI YLSAW GKCPYSQEAVMRRAL TGRCEETL VL PRGFGVCQEL El QQSA. L FEQSRCAVHRKRGDSPGR
LVPCGAAI SWSAVPQOPL DVTANGFPQGT TKKEI GSPRARSRI SKVEL FRSFQKLLSSI ADDEQPDSI RVTKKLDTY

QEYKDAASAYQEAWGAL RRi QPFASW RNPPDYHOFK  (SEQ ID NO: 82) (underline: nucleic acid editing
domain)
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[00247] Human ADAT- 1

MWTADEIAQLCYEHY GIRLPKKGKPEPNHEWTLLAAWKIQS PADKACDTPDKPVQVTKEW SMGTGTKCIGQSKMR
KNGDI LNDSHAEVIARRSFQRYLLHQLQLAATLKEDS IFVPGTQKGVWKLRRDLIFVFFS SHTPCGDASIIPMLEFE
DQPCCPVFRNWAHNSSVEAS SNLEAPGNERKCEDPDS PVTKKMRLEPGTAAREVTNGAAHHQSFGKQKSGPI SPGIH
SCDLTVEGLATVTRIAPGSAKVI DVYRTGAKCVPGEAGDSGKPGAAFHQVGLLRVKPGRGDRTRSM SCSDKMARWNYV
LGCQGALLMHLLEEPIYLSAWIGKCPY SQEAMQRALIGRCQNV SALPKGFGVQELKI LQSDLLFEQSRSAVQAKRA
DSPGRLVPCGAAI SWSAVPEQPLDVTANGFPQGTTKKT IGSLQARSQI SKVELFRSFQKLLSRIARDKWPHSLRVQK

LDTYQEYKEAAS SYQEAWSTLRKQVFGSWiIRNPPDYHQFK (SEQ ID NO: 83) (underline: nucleic acid
editing domain)

[00248] In some embodiments, the enzymatic domain comprises one or more of a
transcriptional  activator. For example, in some embodiments, the general architecture of
exemplary dCas9 fusion proteins with atranscriptional activator domain comprises the structure:
[NH,]-[NLS]-[Cas9]-[(transcriptiona  activator) ,]-[COOH],
[NH,]-[NLS]-[ (transcriptional activator) ,]-[Cas9]- -[COOH],
[NH,]-[Cas9]-[ (transcriptiona activator) ,]-[COOH], or
[NH_]-[ (transcriptional  activator) ,]-[Cas9]-[COOH];
wherein NLS isanuclear localization signal, NHzisthe N-terminus of the fusion protein, and
COOH isthe C-terminus of the fusion protein. In some embodiments, the fusion proteins
comprises one or more repeats of the transcriptional activator, for example wherein n = 1-10
(eg., nis1,2,3,4,5,6,7,8,9,0r 10). In some embodiments, n = 1-20. In some embodiments,
alinker isinserted between the dCas9 and the transcriptional activator domain. In some
embodiments, alinker isinserted between the NLS and the transcriptional activator and/or dCas9
domain. In some embodiments, the NLS islocated C-terminal of the transcriptional activator
and/or the dCas9 domain. In some embodiments, the NLS islocated between the transcriptional
activator domain and the dCas9 domain. Additional features, such as sequence tags, may aso be
present. In some embodiments, the transcriptional activator is selected from the group consisting
of VP64, (SEQ ID NO:84 or SEQ ID NO:35), VP16 (SEQ ID NO:85), and p65 (SEQ 1D
NO:86). In some embodiments, adCas9-VP64 fusion protein comprises the amino acid
sequence of SEQ ID NO: 87 (eg., with or without the 6xHis tag) or comprises an amino acid
sequence that is at least 80%, at least 85%, at least 90%>, at least 95%>, at least 98%>, or at |least
99% identical tothe amino acid sequence of SEQ ID NO:87 (eg., with or without the 6xHis tag).
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[00249] VP64

GSGRADALDDFDLDMLGSDALDDFDLDMLGSDALDDFDLDMLGSDALDDFDLDMLIN (SEQ ID NO:84)

[00250] VP16

APPT DVSLGDELHLDGEDVAMAHADALDDFDLDMLGDGDSPGPGFT PHDSAPY GALDMADFE FEQMFT DA
LGl DEYGGEFPGIRR (SEQ ID NO:85)

[00251] p65:

PSGQI SNQALALAPS SAPVLAQTMVPS SAMVPLAQPPAPAPVLT PGPPQS LSAPVPKS TQAGEGTLSEAL
LHLQFDADEDLGALLGNS TDPGVFTDLASVDNSE FQQLLNQGVSMSHSTAEPMLMEYPEAI TRLVTGSQR

PPDPAPTPLGTS GLPNGLSGDE DFSSIADMDFSALLSQ I1SSSGQ (SEQ ID NO:86)

[00252] dCas9-V P64-6xHis:

MDKKYSTGLAI GTNSVGWAVI TDEYKVPSKKFKVLGNT DRHSIKKNLI GALLFDSGETAEATRLKRTARR
RYTRRKNRI CYLQETFSNEMAKVDDSFFHRLEES FLVEEDKKHERHPI FGNIVDEVAYHEKYPT IYHLRK
KLVDST DKADLRLI YLALAHMI KFRGHFLI EGDLNPDNS DVDKLFI QLVQTYNQLFEENP INAS GVDAKA
TLSARLSKSRRLENLI AQLPGEKKNGLFGNLI ALSLGLTPNFKSNFDLAE DAKLQLSKDTYDDDLDNLLA
QI GDQYADLFLAAKNLSDAI LLS DI LRVNTE | TKAPLSASMI KRYDEHHQDLTLLKALVRQQLPEKYKE |
FFDQSKNGYAGY T DGGASQEEFYKFI KPTLEKMDGTEELLVKLNRE DLLRKQRT FDNGST PHQI HLGELH
AT LRRQEDFYPFLKDNREK| EKI LTFRIPYYVGPLARGNSRFAWMTRKSEET ITPWNFEEWDKGASAQS
FI ERMTNFDKNLPNEKVLPKHS LLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVT
VKQLKEDYFKKI ECFDSVE T SGVE DRFNASLGTYHDLLKI IKDKDFLDNEENEDI LEDIVLTLTLFEDRE
MI EERLKTYAHLFDDKVMKQLKRRRY TGWGRLSRKL INGI RDKQSGKT | LDFLKS DGFANRNFMQL | HDD
SLTFKE DT QKAQVSGQGDSLHEHI ANLAGSPAIKKGI LQTVKWDELVKVMGRHKPENIVIEMARENQTT
QKGQKNSRERMKRI EEGI KELGSQ | LKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLS DYDVDA
IVPQS FLKDDS T DNKVLTRS DKNRGKSDNVPSEEWKKMKNYWRQLLNAKLI TQRKFDNLTKAERGGLSE
LDKAGFIKRQLVETRQ | TKHVAQI LDSRMNTKYDENDKLI REVKVI TLKSKLVS DFRKDFQFYKVRE INN
YHHAHDAYLNAVVGTALI KKYPKLESEFVYGDYKVYDVRKMI AKSEQE T GKATAKYFFYSNIMNFFKTE T
TLANGE IRKRPL IETNGETGE IVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKE ST LPKRNS DKLI
ARKKDWDPKKYGGFDSPTVAY SVLWAKVEKGKSKKLKSVKELLGI ~ TIMERS SFEKNP | DFLEAKGYKEV
KKDL | | KLPKYS LFELENGRKRMLASAGELQKGNELALPSKYVNFLYLAS HYEKLKGSPEDNEQKQLFVE
QHKHYLDE! | EQI SEFSKRVI LADANLDKVLSAYNKHRDKPI REQAENI | HLFTLTNLGAPAAFKYFDTT

| DRKRYTSTKEVLDATLI HQSI TGLYETRI DLSQLGGDGS PKKKRKVSSDYKDHDGDYKDHDIDYKDDDD
KAAGGGGSGRADALDDFDLDMLGSDALDDFDLDMLGSDALDDFDLDMLGSDALDDFDLDMLHHHHHH
(SEQ 1D NO:87)

ATGGATAAGAAATACTCAATAGGCTTAGCTATCGGCACAAATAGCGTCGGATGGGCGGTGATCACTGATG
AATATAAGGTTCCGTCTAAAAAGTTCAAGGTTCTGGGAAATACAGACCGCCACAGTATCAAAAAAAATCT
TATAGGGGCTCTTTTATTTGACAGTGGAGAGACAGCGGAAGCGACTCGTCTCAAACGGACAGCTCGTAGA
AGGTATACACGTCGGAAGAATCGTATTTGTTATCTACAGGAGATTTTTTCAAATGAGATGGCGAAAGTAG
ATGATAGTTTCTTTCATCGACTTGAAGAGTCTTTTTTGGTGGAAGAAGACAAGAAGCATGAACGTCATCC
TATTTTTGGAAATATAGTAGATGAAGTTGCTTATCATGAGAAATATCCAACTATCTATCATCTGCGAAAA
AAATTGGTAGATTCTACTGATAAAGCGGATTTGCGCTTAATCTATTTGGCCTTAGCGCATATGATTAAGT
TTCGTGGTCATTTTTTGATTGAGGGAGATTTAAATCCTGATAATAGTGATGTGGACAAACTATTTATCCA
GTTGGTACAAACCTACAATCAATTATTTGAAGAAAACCCTATTAACGCAAGTGGAGTAGATGCTAAAGCG
ATTCTTTCTGCACGATTGAGTAAATCAAGACGATTAGAAAATCTCATTGCTCAGCTCCCCGGTGAGAAGA
AAAATGGCTTATTTGGGAATCTCATTGCTTTGTCATTGGGTTTGACCCCTAATTTTAAATCAAATTTTGA
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TTTGECAGAAGATGCTAAATTACAGCTTTCAAAAGATACT TACGATGATGATTTAGATAATTTATTGECG
CAAATTGGAGATCAATATGCTGATTTGT TTTTGECAGCTAAGAATTTATCAGATGCCTATTTTACTTTCAG
ATATCCTAAGAGTAAATACTGAAATAACTAAGGCTCCCCTATCAGCTTCAATGATTAAACGCTACGATGA
ACATCATCAAGACTTGACTCTTTTAAAAGCT TTAGT TCGACAACAACT TCCAGAAAAGT ATAAAGAAATC
TTTTTTGATCAATCAAAAAACGGATATGCAGGT TATATTGAT GGGGGAGCTAGCCAAGAAGAATTTTATA
AATTTATCAAACCAATTTTAGAAAAAAT GGATGGTACT GAGGAATTATTGGT GAAACTAAAT CGT GAAGA
TTTGCTGCGCAAGCAACGGACCT TTGACAACGGECTCTATTCCCCATCAAATTCACT TGGGT GAGCT GCAT
GCTATTTTGAGAAGACAAGAAGACTTTTATCCATTTTTAAAAGACAAT CGT GAGAAGATTGAAAAAATCT
TGACTTTTCGAATTCCTTATTATGI TGGT CCATTGECGCGT GGCAATAGT CGT TTTGCATGGATGACTCG
GAAGT CTGAAGAAACAAT TACCCCATGGAATTTTGAAGAAGT TGT CGATAAAGGT GCTTCAGCT CAATCA
TTTATTGAACGCATGACAAACT TTGATAAAAATCTTCCAAATGAAAAAGTACTACCAAAACATAGITTGC
TTTATGAGTATTTTACGGT TTATAACGAAT TGACAAAGGT CAAATATGT TACT GAAGGAAT GCGAAAACC
AGCATTTCTTTCAGGT GAACAGAAGAAAGCCATTGT TGATTTACT CTTCAAAACAAAT CGAAAAGTAACC
GITAAGCAATTAAAAGAAGATTATTTCAAAAAAATAGAATGI TTTGATAGT GTTGAAATTTCAGGAGT TG
AAGATAGATTTAATGCTTCATTAGGTACCTACCATGATTTGCTAAAAATTATTAAAGATAAAGATTTTTT
GGATAATGAAGAAAATGAAGATATCTTAGAGGATATTGI TTTAACATTGACCT TATTTGAAGATAGGGAG
ATGATTGAGGAAAGACT TAAAACATATGCTCACCTCTTTGATGATAAGGT GATGAAACAGCT TAAACGTC
GCCGTTATACTGGT TGGGGACGT TTGT CTCGAAAATTGAT TAATGGTAT TAGGGAT AAGCAAT CTGGCAA
AACAATATTAGATTTTTTGAAAT CAGATGGT TTTGCCAATCGCAATTTTATGCAGCTGATCCATGATGAT
AGITTGACATTTAAAGAAGACAT TCAAAAAGCACAAGT GTCTGGACAAGGECGATAGI TTACATGAACATA
TTGCAAATTTAGCTGGTAGCCCTGCTATTAAAAAAGGTATTTTACAGACTGTAAAAGT TGTTGATGAATT
GGTCAAAGT AAT GEGEGCGGECATAAGCCAGAAAAT ATCGT TAT TGAAAT GGCACGT GAAAAT CAGACAACT
CAAAAGGGCCAGAAAAAT TCCCGAGAGCGT AT GAAACGAAT CGAAGAAGGTATCAAAGAAT TAGGAAGT C
AGATTCTTAAAGAGCATCCTGT TGAAAATACT CAATTGCAAAATGAAAAGCTCTATCTCTATTATCTCCA
AAATGGAAGAGACAT GTATGT GGACCAAGAATTAGATATTAATCGT TTAAGTGATTATGATGT CGATGCC
ATTGTTCCACAAAGT TTCCTTAAAGACGAT TCAATAGACAATAAGGT CTTAACGCGT TCTGATAAAAATC
GIGGTAAATCGGATAACGT TCCAAGT GAAGAAGT AGT CAAAAAGATGAAAAACTATTGGAGACAACT TCT
AAACGCCAAGI TAATCACTCAACGT AAGT TTGATAATTTAACGAAAGCT GAACGT GGAGGT TTGAGT GAA
CTTGATAAAGCTGGI TTTATCAAACGCCAATTGGT TGAAACT CGCCAAAT CACTAAGCAT GTGGCACAAA
TTTTGGATAGT CGCATGAATACTAAATACGAT GAAAATGATAAACT TATTCGAGAGGT TAAAGTGATTAC
CTTAAAATCTAAATTAGI TTCTGACT TCCGAAAAGAT TTCCAATTCTATAAAGTACGT GAGATTAACAAT
TACCATCATGCCCATGATGCGTATCTAAATGCCGT CGT TGGAACTGCTTTGAT TAAGAAATAT CCAAAAC
TTGAATCGGAGI TTGTCTATGGTGATTATAAAGT TTATGATGT TCGTAAAATGATTGCTAAGT CTGAGCA
AGAAAT AGGCAAAGCAACCGCAAAATATTTCTTTTACTCTAATATCATGAACTTCTTCAAAACAGAAATT
ACACTTGCAAAT GGAGAGAT TCGCAAACGCCCT CTAAT CGAAACT AAT GEGGAAACT GGAGAAATTGT CT
GGGATAAAGGGECGAGATTTTGCCACAGT GCGCAAAGT ATTGTI CCATGCCCCAAGT CAATATTGT CAAGAA
AACAGAAGT ACAGACAGGECGGAT TCTCCAAGGAGT CAATTTTACCAAAAAGAAAT TCGGACAAGCTTATT
GCTCGTAAAAAAGACT GGGAT CCAAAAAAATATGGTGGT TTTGATAGT CCAACGGTAGCTTATTCAGTCC
TAGIGGT TGCTAAGGT GGAAAAAGGGAAAT CGAAGAAGT TAAAAT CCGT TAAAGAGT TACTAGGGATCAC
AATTATGGAAAGAAGT TCCTTTGAAAAAAAT CCGATTGACT TTTTAGAAGCTAAAGGATATAAGGAAGT T
AAAAAAGACTTAATCATTAAACTACCTAAATATAGT CTTTTTGAGT TAGAAAACGGT CGTAAACGGATGC
TGGCTAGT GCCCGGAGAAT TACAAAAAGGAAAT GAGCT GECTCTGCCAAGCAAATATGTGAATTTTTTATA
TTTAGCTAGI CATTATGAAAAGT TGAAGGGT AGT CCAGAAGATAACGAACAAAAACAATTGTTTGTGGAG
CAGCATAAGCATTATTTAGATGAGAT TATTGAGCAAATCAGTGAATTTTCTAAGCGTGT TATTTTAGCAG
ATGCCAATTTAGATAAAGI TCTTAGT GCATATAACAAACAT AGAGACAAACCAATACGT GAACAAGCAGA
AAATATTATTCATTTATTTACGT TGACGAATCTTGGAGCTCCCGCTGCTTTTAAATATTTTGATACAACA
ATTGATCGTAAACGATATACGT CTACAAAAGAAGT TTTAGATGCCACTCTTATCCATCAATCCATCACTG
GICTTTATGAAACACGCATTGAT T TGAGT CAGCT AGGAGGT GACGGT TCTCCCAAGAAGAAGAGGAAAGT
CTCGAGCGACTACAAAGACCAT GACGGTGATTATAAAGAT CATGACATCGATTACAAGGATGACGATGAC
AAGGCT GCAGGAGGECGGT GGAAGCGEECGECECCGACGCECT GGACGATTTCGAT CTCGACATGCTGEGT T
CTGATGCCCTCGATGACT TTGACCT GGATAT GT TGGGAAGCGACGCAT TGGATGACT TTGATCTGGACAT
GCTCGECTCCGATGCTCTGGACGATTTCGATCTCGATATGT TACATCACCACCACCATCAC (SEQ ID
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NO 2609)

[00253] Cas9-NL S-6xHis:

MDKKYS | GLAI GTNSVGMAVI TDEYKVPSKKFKVLGNTDRHS | KKNLI GALLFDSGETAEATRLKRTARR
RYTRRKNRI CYLQElI FSNEMAKVDDSFFHRL EESFLVEEDKKHERHPI FGNI VDEVAYHEKYPTI YHLRK
KLVDSTDKADLRLI YLALAHM KFRGHFLI EGDLNPDNSDVDKLFI QLVQTYNQLFEENPI NASGVDAKA

| LSARLSKSRRLENLI AQLPGEKKNGLFGNLI ALSLGLTPNFKSNFDLAE DAKLQLSKDTYDDDLDNLLA
Q GDQYADLFLAAKNLSDAI LLSDI LRVNTEI TKAPLSASM KRYDEHHQDL TL LKALVRQQL PEKYKEI
FFDQSKNGYAGYI DGGASQEEFYKFI KPI LEKMDGTEEL L VKLNREDL L RKQRTFDNGSI PHQ HLGELH
Al LRROEDFYPFLKDNREKI EKI LTFRI PYYVGPLARGNSRFAWMTRKSEET! TPWNFEEVWDKGASAQS

FI ERMI'NFDKNL PNEKVLPKHSLLYEYFTVYNEL TKVKYVTEGVRKPAFL SGEQKKAI VDLLFKTNRKVT
VKQLKEDYFKKI ECFDSVEI SGVEDRFNASLGTYHDLLKI | KDKDFLDNEENEDI LEDI VLTLTLFEDRE
M EERLKTYAHL FDDKVMKQLKRRRYTGWGRLSRKLI NG RDKQSGKTI LDFLKSDGFANRNFMQLT HDD
SLTFKEDI QKAQVSGQGDSLHEH ~ ANLAGSPAI KKG LQTVKWDEL VKVMGRHKPENI VI EMARENQT T
QKGKNSRERVKRI EEG KELGSQ LKEHPVENTQLONEKL YL YYL QNGRDMYVDQEL DI NRLSDYDVDH

| VPQSFLKDDSI DNKVLTRSDKNRGKSDNVPSEEVWKKIVKNYWRQL LNAKLI TORKFDNL TKAERGAE.SE
LDKAGFI KRQLVETRQ TKHVAQ LDSRMNTKYDENDKLI REVKVI TLKSKLVSDFRKDFQFYKVREI NN
YHHAHDAYLNAVVGTALI KKYPKLESEFVYGDYKVYDVRKM AKSEQEI GKATAKYFFYSNI MNFFKTEI
TLANGEI RKRPLI ETNGETCGEI VWDKGRDFATVRKVLSMPQVNI VKKTEVQTGG-SKESI LPKRNSDKLI
ARKKDWDPKKYGG-DSPTVAYSVLWAKVEKGKSKKLKSVKELLA TI MERS SFEKNPI DFLEAKGYKEV
KKDLI | KLPKYSLFELENGRKRM_ASAGEL QKGNELAL PSKYVNFLYLASHYEKL KGSPEDNEKQLFVE
QHKHYLDEI | EQ SEFSKRVI LADANL DKVL SAYNKHRDKPI REQAENI | HLFTLTNLGAPAAFKYFEDTT
| DRKRYTSTKEVLDATLI HQSI TALYETRI DL SQL GGDPKKKRKVNDKHHHHHH (SEQ I D NO 270)

ATGGATAAGAAATACT CAATAGGCT TAGATAT CGGCACAAATAGCGT CGGAT GGECGGTGATCACTGATG
AATATAAGGT TCCGT CTAAAAAGT TCAAGGT TCTGEGAAATACAGACCGCCACAGT ATCAAAAAAAATCT
TATAGGGCCTCTTTTATTTGACAGT GGAGAGACAGCGGAAGCGACT CGT CTCAAACGGACAGCTCGTAGA
AGGTATACACGT CGGAAGAATCGTATTTGI TATCTACAGGAGATTTTTTCAAATGAGATGGCGAAAGTAG
ATGATAGI TTCTTTCATCGACTTGAAGAGT CTTTTTTGGT GGAAGAAGACAAGAAGCATGAACGT CATCC
TATTTTTGGAAATATAGT AGATGAAGT TGCT TATCATGAGAAATATCCAACTATCTATCATCTGCGAAAA
AAATTGGTAGATTCTACTGATAAAGCGGAT TTGCGCT TAATCTATTTGECCTTAGCGCATATGATTAAGT
TTCGTGGTCATTTTTTGAT TGAGGGAGAT TTAAATCCTGATAATAGT GATGT GGACAAACTATTTATCCA
GITGGTACAAACCTACAATCAATTATTTGAAGAAAACCCTAT TAACGCAAGT GGAGTAGATGCTAAAGCG
ATTCTTTCTGCACGATTGAGTAAAT CAAGACGATTAGAAAAT CTCATTGCT CAGCT CCCCGGT GAGAAGA
AAAATGECTTATTTGGGAATCTCATTGCTTTGICATTGGGT TTGACCCCTAATTTTAAATCAAATTTTGA
TTTGCECAGAAGATGCTAAATTACAGCTTTCAAAAGATACTTACGATGATGATTTAGATAATTTATTGGECG
CAAATTGGAGATCAATATCCTGATTTGI TTTTGGCAGCTAAGAATTTATCAGATGCTATTTTACTTTCAG
ATATCCTAAGAGTAAATACT GAAATAACT AAGGECTCCCCTATCAGCTTCAATGATTAAACGCTACGATGA
ACATCATCAAGACTTGACTCTTTTAAAAGCT TTAGI TCGACAACAACT TCCAGAAAAGT ATAAAGAAATC
TTTTTTGATCAATCAAAAAACGGATATGCAGGT TATAT TGAT GGGGGAGCTAGCCAAGAAGAATTTTATA
AATTTATCAAACCAATTTTAGAAAAAAT GGATGGTACT GAGGAATTATTGGT GAAACTAAATCGTGAAGA
TTTGCTGCGCAAGCAACGGACCT TTGACAACGGECTCTATTCCCCATCAAATTCACT TGGGT GAGCTGCAT
GCTATTTTGAGAAGACAAGAAGACT TTTATCCATTTTTAAAAGACAAT CGTGAGAAGATTGAAAAAATCT
TGACTTTTCGAATTCCTTATTATGI TGGT CCATTGGCGCGT GGCAATAGI CGT TTTGCATGGATGACT CG
GAAGT CTGAAGAAACAATTACCCCATGGAATTTTGAAGAAGT TGT CGATAAAGGT GCTTCAGCTCAATCA
TTTATTGAACGCATGACAAACT TTGATAAAAAT CTTCCAAAT GAAAAAGT ACTACCAAAACATAGTITTGC
TTTATGAGTATTTTACGGT TTATAACGAATTGACAAAGGT CAAATAT GT TACT GAAGGAATGCGAAAACC
AGCATTTCTTTCAGGT GAACAGAAGAAAGCCATTGT TGATTTACT CTTCAAAACAAATCGAAAAGT AACC
GITAAGCAATTAAAAGAAGATTATTTCAAAAAAATAGAATGT TTTGATAGT GTTGAAATTTCAGGAGT TG
AAGATAGATTTAATGCTTCATTAGGTACCTACCATGATTTGCTAAAAATTATTAAAGATAAAGATTTTTT
GGATAATGAAGAAAATGAAGATATCTTAGAGGATATTGT TTTAACATTGACCT TATTTGAAGATAGGGAG

101



WO 2016/070129 PCT/US2015/058479

ATGATTGAGGAAAGACT TAAAACATATGCTCACCTCTTTGATGATAAGGT GATGAAACAGCTTAAACGTC
GOCGTTATACTGGT TGGGGACGT TTGTCTCGAAAATTGATTAAT GGTAT TAGGGATAAGCAATCTGGCAA
AACAATATTAGATTTTTTGAAATCAGATGGT TTTGCCAATCGCAAT TTTATGCAGCT GATCCATGATGAT
AGTTTGACATTTAAAGAAGACAT TCAAAAAGCACAAGT GTCTGGACAAGGCGATAGT TTACATGAACATA
TTGCAAATTTAGCTGGTAGCCCTGCTATTAAAAAAGGTATTTTACAGACT GTAAAAGT TGTTGATGAATT
GGTCAAAGTAAT GGGGCGGCAT AAGCCAGAAAAT AT CGTTATTGAAAT GGCACGT GAAAAT CAGACAACT
CAAAAGGGCCAGAAAAAT TCGCGAGAGCGT AT GAAACGAAT CGAAGAAGGT ATCAAAGAATTAGGAAGTC
AGATTCTTAAAGAGCATCCTGT TGAAAATACT CAATTGCAAAATGAAAAGCTCTATCTCTATTATCTCCA
AAATGGAAGAGACATGTATGT GGACCAAGAATTAGATATTAATCGT TTAAGT GATTATGATGTCGATCAC
ATTGTTCCACAAAGT TTCCT TAAAGACGAT TCAATAGACAATAAGGT CTTAACGCGTTCTGATAAAAATC
GTGGTAAATCGGATAACGT TCCAAGT GAAGAAGT AGT CAAAAAGAT GAAAAACT AT TGGAGACAACTTCT
AAACGCCAAGT TAATCACT CAACGT AAGT TTGATAAT TTAACGAAAGCT GAACGT GGAGGT TTGAGTGAA
CTTGATAAAGCTGGTTTTATCAAACGCCAATTGGTTGAAACT CGCCAAAT CACT AAGCAT GTGGCACAAA
TTTTGGATAGTCGCATGAATACTAAATACGATGAAAAT GATAAACT TATTCGAGAGGTTAAAGT GATTAC
CTTAAAATCTAAATTAGT TTCTGACTTCCGAAAAGAT TTCCAATTCTATAAAGT ACGT GAGATTAACAAT
TACCATCATGCCCATGATGOGTATCTAAAT GCOGT CGTTGGAACT GCTTTGATTAAGAAATATCCAAAAC
TTGAATCGGAGT TTGTCTATGGTGATTATAAAGT TTATGATGTTCGT AAAAT GATTGCTAAGT CTGAGCA
AGAAATAGGCAAAGCAACCGCAAAATATTTCTTTTACTCTAATATCATGAACT TCTTCAAAACAGAAATT
ACACTTGCAAAT GGAGAGAT TCGCAAACGCCCT CTAAT CGAAACT AAT GGGGAAACT GGAGAAATTGTCT
GGGATAAAGGGCGAGAT TTTGCCACAGT GCGCAAAGT ATTGT CCATGCCCCAAGT CAATATTGTCAAGAA
AACAGAAGT ACAGACAGGCGGAT TCTCCAAGGAGT CAATTTTACCAAAAAGAAAT TCGGACAAGCTTATT
GCTCOGTAAAAAAGACT GGGAT CCAAAAAAAT AT GGT GGT TTTGATAGT CCAACGGTAGCTTATTCAGTCC
TAGTGGT TGCTAAGGT GGAAAAAGGGAAAT CGAAGAAGT TAAAAT CCGTTAAAGAGT TACTAGGGATCAC
AATTATGGAAAGAAGT TCCTTTGAAAAAAAT COGATTGACT TTTTAGAAGCT AAAGGATATAAGGAAGTT
AAAAAAGACT TAATCATTAAACTACCTAAATATAGTCTTTTTGAGT TAGAAAACGGT CGTAAACGGATGC
TGGCTAGT GCCGGAGAAT TACAAAAAGGAAAT GAGCT GGCT CTGCCAAGCAAATATGTGAATTTTTTATA
TTTAGCTAGTCATTATGAAAAGT TGAAGGGT AGT CCAGAAGAT AACGAACAAAAACAAT TGTTTGTGGAG
CAGCATAAGCATTATTTAGATGAGATTATTGAGCAAAT CAGT GAATTTTCTAAGCGTGTTATTTTAGCAG
ATGCCAATTTAGATAAAGT TCTTAGT GCATATAACAAACATAGAGACAAACCAAT ACGT GAACAAGCAGA
AAATATTATTCATTTATTTACGT TGACGAATCTTGGAGCTCCOGCTGCTTTTAAATATTTTGATACAACA
ATTGATCGTAAACGATATACGT CTACAAAAGAAGT TTTAGATGCCACTCTTATCCATCAATCCATCACTG
GTCTTTATGAAACACGCAT TGATTTGAGT CAGCT AGGAGGT GACCCCAAGAAGAAGAGGAAGGT GATGGA
TAAGCATCACCACCACCATCAC  (SEQ I D NO 271)

[00254] NL S-Cas9-6xHis:
MPKKKRKVIVDKKYS | GLAI GTNSVGMVI TDEYKVPSKKFKVLGNTDRHS | KKNLI GALLFDSGETAEAT
RLKRTARRRYTRRKNRI CYLQEI FSNEMAKVDDSFFHRL EESFLVEEDKKHERHPI FGNI VDEVAYHEKY

PTI YHLRKKLVDSTDKADLRLI  YLALAHM KFRGHFL| EGDLNPDNSDVDKLFI QLVQTYNQLFEENPI N
ASGVDAKAI LSARLSKSRRLENLI  AQLPGEKKNGLFGNLI ALSLGLTPNFKSNFDLAE DAKLQLSKDTYD
DDLDNLLAQ GDQYADLFLAAKNLSDAI LLSDI LRVNTEI TKAPLSASM KRYDEHHQDL TLLKALVRQQ
LPEKYKE!I FFDQSKNGYAGY! DGGASQEEFYKFI KPI LEKVDGTEEL L VKL NREDL L RKQRTFDNGS PH
Q HLGELHAI LRRQEDFYPFLKDNREKI EKI LTFRI  PYYVGPLARGNSRFAWMIRKSEET! TPWNFEEW
DKGASAQSFI ERMINFDKNL PNEKVL PKHSL L YEYFTVYNEL TKVKYVTEGVRKPAFL SGEQKKAI VDL L
FKTNRKVTVKQLKEDYFKKI ECFDSVEI  SGVEDRFNASLGTYHDLLKI | KDKDFLDNEENED! LEDI VLT
LTLFEDREM EERLKTYAHLFDDKVVKQLKRRRYTGWGRLSRKLI NG RDKQSGKTI L DFLKSDGFANRN
FMQLI HDDSLTFKEDI QKAQVSGQGDSLHEH  ANLAGSPAI KKG LQTVKWDEL VKVMGRHKPENI VI E
MARENQTTQKGOKNSRERVKRI EEG KELGSQ LKEHPVENTQL QNEKL YL YYL QNGRDMYVDQELDI NR
LSDYDVDHI VPQSFLKDDS!  DNKVL TRSDKNRGKSDNVPSEEVWKKMKNYWRQL L NAKL I TQRKFDNLTK
AERGGL SEL DKAGFI KRQLVETRQ TKHVAQ LDSRVNTKYDENDKLI REVKVI TLKSKLVSDFRKDFQF
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YKVREI NNYHHAHDAYLNAVVGT AL I KKYPKLESEFVYCGDYKVYDVRKM AKSEQEI GKATAKYFFYSNI
MNFFKTEI TLANCGEI RKRPLI ETNGETGEl VWDKGRDFATVRKVLSMPQVNI VKKTEVQTGGFSKESI LP
KRNSDKL | ARKKDWDPKKYGGFDSPTVAY SVLWAKVEKGKSKKLKSVKELLG TI MERS SFEKNPI DFL
EAKGYKEVKKDLI | KLPKYSLFELENGRKRMLASAGEL QKGNELAL PSKYVNFL YLASHYEKL KGSPEDN
EQKQLFVEQHKHYLDEI | EQ SEFSKRVI LADANL DKVL SAYNKHRDKPI REQAENI | HLFTLTNLGAPA
AFKYFDTTI DRKRYTSTKEVLDATLI HQSI TGLYETRI DL SQL GGDHHHHHH (SEQ I D NO 272)

[00255] In some embodiments, the enzymatic domain comprises one or more of a
transcriptional repressor. For example, in some embodiments, the general architecture of
exemplary dCas9 fusion proteins with atranscriptional repressor domain comprises the structure:
[NH,]-[NLS]-[Cas9]-[(transcriptional repressor) ,]-[COOH],
[NH,]-[NLS]-[(transcriptional repressor) ,]-[Cas9]- -[COOH],
[NH,]-[Cas9]-[(transcriptional repressor) ,]-[COOH], or
[NH,]-[(transcriptional repressor) ,]-[Cas9]-[COOH];
wherein NLS isanuclear locdization signal, NH,, isthe N-terminus of the fusion protein, and
COOH isthe C-terminus of the fusion protein. In some embodiments, the fusion proteins
comprises one or more repeats of the transcriptional repressor, for example wherein n = 1-10
(eg.,nis1,2,3,4,5,6,7,8,9,0r 10). In some embodiments, n = 1-20. In some embodiments,
alinker isinserted between the dCas9 and the transcriptional repressor domain. In some
embodiments, alinker isinserted between the NLS and the transcriptional repressor and/or
dCas9 domain. In some embodiments, the NLS islocated C-termina of the transcriptional
repressor and/or the dCas9 domain. In some embodiments, the NLS is located between the
transcriptional repressor domain and the dCas9 domain. Additional features, such as sequence
tags, may also be present. In some embodiments, the transcriptional repressor is selected from
the group consisting of the KRAB (Kruppel associated box) domain of Koxl, SID (mSin3
interaction domain), the CS (Chromo Shadow) domain of HPIla, or the WRPW domain of Hedl.
These and other repressor domains are known in the art, and in some embodiments correspond to
those described in Urrutia, KRAB-containing zinc-finger repressor proteins. Genome Biol.
2003;4(10):231; Gilbert et al. CRISPR-mediated modular RNA-guided regulation of
transcription in eukaryotes. Cell. 2013; 154, 442-451; Konermann et al., Optical control of
mammalian endogenous transcription and epigenetic states. Nature. 2013; 500, 472-476; and
published U.S. patent application U.S.S.N. 14/105,017, published as U.S. 2014/0186958 Al, the

entire contents of which are incorporated herein by reference. In some embodiments, the
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transcription repressor domain comprises one or more repeats (eg., 2, 3,4,5,6,7,8,9,0r 10
repeats) of aKRAB domain. In some embodiments, the KRAB domain comprises an amino acid
sequence selected from the group consisting of SEQ ID NOs: 88-91. In some embodiments, the
transcriptional repressor domains comprises one or more repeats of a SID protein. In some
embodiments, the SID protein comprises an amino acid sequence set forth as SEQ ID NO:80. In
some embodiments, the repressor domain comprises 2, 3,4,5, 6,7, 8,9, or 10 repeats of a SID
protein (eg., SEQ ID NO:92). In some embodiments, the repressor domain comprises four

repeats of SID (eg., SID4x; SEQ ID NO:93).

[00256] KRAB (human; GenBank: AAD20972.1)

MNMFKEAVTFKDVAVAFTEEELGLLGPAQRKLYRDVMVENFRNLLSVGHPPFKQDWIERNEQLWIMTT
ATRRQGNLDTLPVKALLLYDLAQT (SEQ ID NO:88)

[00257] KRAB protein domain, partial (human; GenBank: CAB52478 .1):

EQVSFKDVCVDFTQEEWYLLDPAQKILYRDVILENYSNLVSVGYCI TKPEVI FKIEQGEE PwILEKGFPS
QCHP (SEQ 1D NO:89)

[00258] KRAB A domain, partia (human; GenBank: AAB03530. 1):
EAVTFKDVAVVFTEEELGLLDPAQRKLYRDVMLENFRNLLSV (SEQ 1D NO:90)

[00259] KRAB (mouse; C2H2 type domain containing protein; GenBank: CAM2797 1.1):
MDLVTYDDVHVNFTQDEWALLDPSQKSLYKGVMLETYKNLTAGYIWEEHT | EDHFQT SRSHGSNKKTH

(SEQ ID NO:91)

[00260] SID repressor domain:

GSGMNI QMLLEAADYLERREREAEHGYASMLP (SEQ 1D NO:92)

[00261] SID4x repressor domain:

GSGMNI QMLLEAADYLERREREAEHGY ASMLPGSGMNI QMLLEAADY LERREREAEHGY ASMLPGSGMNI
OQMLLEAADYLERREREAEHGY ASMLPGSGMNI QMLLEAADYLERREREAEHGY ASMLPSR (SEQ ID
NO:93)
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[00262] In some embodiments, the enzymatic domain comprises an epigenetic modifier or
acatalytic domain thereof. For example, in some embodiments, the general architecture of
exemplary dCas9 fusion proteins with an epigenetic modifier or domain comprises the structure:
[NH,]-[NLS]-[Cas9]-[epigenetic modifier]-[COOH],
[NH,]-[NLS]-[epigenetic modifier]-[Cas9]-[COOH],
[NH,]-[Cas9]-[epigenetic modifier]-[COOH], or
[NH,]-[epigenetic modifier]-[Cas9]-[COOH];
wherein NLS isanuclear locdization signal, NH,, isthe N-terminus of the fusion protein, and
COOH isthe C-terminus of the fusion protein. In some embodiments, alinker isinserted
between the dCas9 and the epigenetic modifier domain. In some embodiments, alinker is
inserted between the NLS and the epigenetic modifier and/or dCas9 domain. In some
embodiments, the NLS islocated C-terminal of the epigenetic modifier and/or the dCas9
domain. In some embodiments, the NLS is located between the epigenetic modifier domain and
the dCas9 domain. Additional features, such as sequence tags, may also be present. Epigenetic
modifiers are well known in the art, and typically catalyze DNA methylation (and
demethylation) or histone modifications (e.g., histone methylation/demethylation,
acetylation/deacetylation, ubiquitylation, phosphorylation, sumoylation, etc.). The presence of
one more epigenetic modifications can affect the transcriptional activity of one or more genes,
for example turning genes from an "on" state to an "off state, and vice versa. Epigenetic
modifiers include, but are not limited to, histone demethylase, histone methyltransferase,
hydroxylase, histone deacetylase, and histone acetyltransferase. Exemplary epigenetic
modifying proteins can be found in Konermann et al., Optical control of mammalian endogenous
transcription and epigenetic states. Nature. 2013; 500, 472-476; Mendenhall et al., Locus-
specific editing of histone modifications a endogenous enhancers. Nat. Biotechnol. 2013; 31,
1133-1 136; and Maeder et al., Targeted DNA demethylation and activation of endogenous genes
using programmable TALE-TET1 fusion proteins. Nat. Biotechnol. 2013; 31, 1137-1 142; the
entire contents of each are incorporated herein by reference. In some embodiments, the
epigenetic modifier domain isLSD1 (Lysine (K)-specific demethylase 1A) histone demethylase,
which in some embodiments, comprises in whole or in part, an amino acid sequence set forth as
SEQ ID NO:94 or SEQ ID NO:95. In some embodiments, the epigenetic modifier domain is

TET1 hydroxylase catalytic domain, which in some embodiments, comprises an amino acid
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sequence set forth as SEQ ID NO:96. In some embodiments, the epigenetic modifier is a histone
deacetylase (HDAC) effector domain. In some embodiments, the HDAC effector domain
comprises inwhole in in part, an amino acid sequence corresponding to any of the HDAC
effector proteins provided in Supplementary Table 2 of Konermann et al., Optical control of
mammalian endogenous transcription and epigenetic states. Nature. 2013; 500, 472-476; SEQ ID
NOs.97-108. In some embodiments, the epigenetic modifier is a histone methyltransferase
(HMT) effector domain. In some embodiments, the HMT effector domain comprises in whole in
in part, an amino acid sequence corresponding to any of the HDAC effector proteins provided in
Supplementary Table 3 of Konermann et al., Optical control of mammalian endogenous
transcription and epigenetic states. Nature. 2013; 500, 472-476; SEQ ID NOs:109-| 18.

[00263] LSD1, isoform a (human):

ML SGKKAAAAAAAAAAAAT GTEAGPGT AGGSENGSEVAAQPAGL SGPAEVGPGAVGERT PRKKEPPRASP
PGGELAEPPGSAGPQAGPTWPGSATPVETG AETPECGRRT SRRKRAKVEYREMDESL ANLSEDEYYSEEE
RNAKAEKEKKL PPPPPQAPPEEENESEPEEPSGQAGGE. QDDSSGGY GDCQASGVEGAAFQSRL PHDRMTS
QEAACFPDI 1 SGPQQATQKVFLFI RNRTLQLW.DNPKI QL TFEATL QQLEAPYNSDTVLVHRVHSYLERHG
LINFGI YKRI KPLPTKKTGKVI 11 GSGVSA.AAARQL QSFGVDVTLLEARDRVGGERVATFRKGNYVADLG
AMAT GL GGNPIVAVVSKQVNVEL AKI KQKCPL YEANGQADTVKVPKEKDEMVEQEFNRLLEATSYL SHQL
DFNVLNNKPVSL GQALEVWI QLQEKHVKDEQ EHVKKI VKTQEEL KELLNKMVNLKEKI KEL HQQYKEAS
EVKPPRDI TAEFLVKSKHRDLTAL CKEYDEL AETQGKL EEKL QEL EANPPSDVYLSSRDRQ L DWHFANL
EFANATPLSTL SL KHWDQDDDFEFTGSHL TVRNGYSCVPVALAEG. DI KLNTAVRQVRYTASGCEVI AVN
TRSTSQTFI YKCDAVL CTL PL GVLKQRPPAVQFVPPL PEVKT SAVORMGFGNL NKVVL CFDRVFWDPSVN
LFGHVGSTTASRCGELFLFWNLYKAPI LLALVAGEAAG MENI SDDVI VGRCLAI LKG FGSSAVPQPKET
WERWRADPWARGSYSYVAAGSSGNDYDLMAQPI TPGPSI PGAPQPI PRLFFAGEHTI RNYPATVHGAL L

SGLREAGRI ADQFLGAMYTLPRQATPGVPAQQSPSM  (SEQ 1D NO:94)

[00264] LSD 1, isoform b (human):

ML SGKKAAAAAAAAAAAAT GTEAGPGT AGGSENGSEVAAQPAGL SGPAEVGPGAVGERT PRKKEPPRASP
PGELAEPPGSAGPQAGPTWPGSATPVETG AETPECGRRT SRRKRAKVEYREMDESL ANLSEDEYYSEEE
RNAKAEKEKKL PPPPPQAPPEEENESEPEEPSGVEGAAFQSRL PHDRMI SQEAACFPDI 1 SGPQAQTQKVF
LFI RNRTLQLW.DNPKI QL TFEATLQQLEAPYNSDTVLVHRVHSYLERHGLI NFA  YKRI KPLPTKKTGK
VIl GSGVSGLAAARQL QSFGVDVTLLEARDRVGGRVATFRKGNYVADL GAMAT GL GGNPIVAVVSKQVN
MVELAKI KQKCPL YEANGQAVPKEKDEMVEQEFNRL L EATSYL SHQL DFNVLNNKPVSL GQALEWI QLQE
KHVKDEQ EHVKKI VKTQEEL KEL LNKMVNL KEKI KELHQQYKEASEVKPPRDI TAEFLVKSKHRDL TAL
CKEYDELAETQGKL EEKL QEL EANPPSDVYL SSRDRQI L DWHFANL EFANATPLSTL SL KHWDCQDDDFEF
TGSHLTVRNGYSCVPVALAEG DI KLNTAVRQVRYTASGCEVI AVNTRSTSQTFI YKCDAVLCTLPLGVL
KQQPPAVQFVPPL PEVKT SAVORMG-GNL NKVVL CFDRVFWDPSVNL FGHVGST TASRGEL FL FWAL YKA
PI LLALVAGEAAG MENI SDDVI VGRCLAI LKG FGSSAVPQPKETWERWRADPWARGSYSYVAAGSSG
NDYDLMAQPI TPGPSI PGAPQPI PRLFFAGEHTI RNYPATVHGAL L SE.REAGRI ADQFLGAMYTLPRQA

TPGVPAQQSPSM (SEQ ID NO:95)
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[00265] TET1 catalytic domain:

SI VAQL SRPDPAL AAL TNDHL VAL ACL GGRPAL DAVKKGLPHAPAL | KRTNRRI  PERTSHRVADHAQVVR
VL GFFQCHSHPAQAF DDAMI QFGVISGGGSL PTCSCLDRVI QKDKGPYYTHL GAGPSVAAVREI MENRYGQ
KGNAI Rl El WYTGKEGKSSHGCPI AKW/L RRSSDEEKVL CLVRORTGHHCPTAVMALI MWDGE PLPM
ADRLYTELTENLKSYNGHPTDRRCTLNENRTCTCQG DPETCGASFSFGCSWEMYFNGCKFGRSPSPRRF
Rl DPSSPLHEKNLEDNL QSLATRLAPI YKQYAPVAYONQVEYENVARECRL GSKECRPFSGVTACL DFCA
HPHRDI HNWMNNGSTWCTLTRE  DNRSLGVI PQDEQLHVLPL YKL SDTDEFGSKEGVEAKI KSGAI EVLAP
RRKKRTCFTQPVPRSCKKRAAMMI EVL AHKI RAVEKKPI PRI KRKNNSTTTNNSKPSSLPTLGSNTETVQ
PEVKSETEPHFI LKSSDNTKTYSL MPSAPHPVKEASPG-SWEPKTASATPAPLKNDATASCG-SERSSTP
HCTMPSGRLSGANAAAADGPGE  SQLGEVAPLPTLSAPVMEPLI NSEPSTGVTEPL TPHQPNHOQPSFLTSP
QDL ASSPMEEDEQHSEADEPPSDEPL SDDPL SPAEEKL PHI DEYWSDSEHI FLDANI GGVAI APAHGSVL

| ECARRELHATTPVEHPNRNHPTRL SL VFYQHKNL NKPQHGFEL NKI KFEAKEAKNKKIVKASEQKDQAAN

EGPEQSSEVNELNQ PSHKALTLTHDNVWTVSPYALTHVAGPYNHW  (SEQ ID NO:96)

[00266] HPAC effector domains:

[00267] HDACS (X. laevis):

ASSPKKKRKVEASNERVWKPKVASMEEMAAFHT DAYL QHL HKVSEEGDNDDPETLEYGLGYDCPI TEQ Y
DYAAAVGGATLTAAEQLI EGKTRI  AVNWPGGWHHAKKDEASG-CYLNDAVLG LKLREKFDRVLYVDVDL
HHGDGVEDAFSFTSKVMIVSLHKFSPGFFPGT GDVSDI GLGKGRYYSI NVPLQDGE QDDKYYQ CEGVLK
EVFTTENPEAWL.QLGADTI  AGDPMCSFNMIPEG GKCLKYVLQMALPTLI LGGGGYHLPNTARCWIYLT
ALl VGRTLSSEI PDHEFFTEYGPDYVLEI TPSCRPDRNDTQKVCQE! LQSI KGNLKRWEF (SEQID

NO:97)

[00268] RPD3 (S cerevisiae):

ASSPKKKRKVEASRRVAYFYDADVGNYAYGAGCHPMKPHRI RMAHSLT MNYGLYKKMEI  YRAKPATKQEMC
QFHTDEY! DFLSRVTPDNLEMFKRESVKFNVGDDCPVFDGLYEYCS | SGGGSME GAARLNRGKC DVAVNY
AGGLHHAKKSEASGFCYLNDI VLG | ELLRYHPRVLY! DI DVHHGDGVEEAFYTTDRVMI CSFHKYGEFF
PGTGELRDI GVGAGKNYAVNVPLRDG DDATYRSVFEPVI KKI MEWYQPSAVVL QCGCEDSL SGDRLGCFN

LSMEGHANCVNYVKSFG PMWVGGEGEGEY TVRNVARTWCFET GLLNNWL.DKDLPYEF (SEQ ID NO:98)

[00269] MesoLo4 (M. loti):

ASSPKKKRKVEASMPLQ VHHPDYDAGFATNHRFPMVSKYPL L MEAL RARGLASPDAL NT TEPAPASW. KL
AHAADYVDQVI SCSVPEKI EREl GFPVGPRVSLRAQLATGGTI LAARLALRHG  ACNTAGGSHHARRAQG
AG-CTFNDVAVASL VL LDEGAAQNI LWDL DVHQGDGTADI LSDEPGVFTFSMHGERNYPVRKI ASDLDI
ALPDGTGDAAYLRRLATI LPELSARARWDI VFYNAGVDVHAEDRL GRLAL SNGE.RARDEMVI GHFRALG

T PVCGVI GGGYS TDVPALASRHATI LFEVASTYAEF (SEQ ID NO:99)

[00270] HDAC 11 (human):

ASSPKKKRKVEASMLHTTQLYOHVPETRWPI VYSPRYNI TFMGL EKL HPFDAGKWEKVI NFLKEEKLLSD
SMLVEAREASEEDL L VWHTRRYLNELKWSFAVATI TEI PPVl FLPNFLVQRKVLRPLRTQTGGTI MAGKL
AVERGWMWAI NVGGEGFHHCSSDRGGGEFCAYADI TLAI KFLFERVEG SRATI | DL DAHQGNGHERDFMDDKR
VYl MDVYNRHI YPCDRFAKQAI RRKVEL EWGTEDDEYL DKVERNI KKSLQEHL PDVWYNAGT DI LEGDR
LGE.SI SPAG VKRDELVFRWRGRRVPI LWTSGGYQKRTARI | ADS| LNLFGLGLI GPESPSVSAONS
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DTPLLPPAVPEF (SEQ ID NO: 100)

[00271] HDT1 (A. thaliana):

ASSPKKKRKVEASMVEFWGE EVKSGKPVTVTPEEQ LI HVSQASL GECKNKKGEFVPLHVKVGNQNLVLGT
LSTENI PQLFCDLVFDKEFEL SHTWEKGSVYFVGYKTPNI EPQGYSEEEEEEEEEVPAGNAAKAVAKPKA
KPAEVKPAVDDEEDESDSDGVDEDDSDGEDSEEEEPTPKKPASSKKRANET TPKAPVSAKKAKVAVTPK

TDEKKKGGKAANQSEF (SEQ 1D NO: 101)

[00272] SIRT3 (human):

ASSPKKKRKVEASM/GAG STPSGE PDFRSPGSGLYSNLQQYDLPYPEAI  FELPFFFHNPKPFFTLAKEL
YPGNYKPNVTHYFLRLLHDKGLLLRLYTONI DGLERVSAE  PASKLVEAHGTFASATCTVCQRPFPGEDI R
ADVMADRVPRCPVCTGAKPDI VFFGEPL PORFLLHWDFPMADLLLI LGTSLEVEPFASL TEAVRSSVP

RLLI NRDLVGPLAWHPRSRDVAQL GDWHGVESL VEL LGWIEENRDLVQRETGKLDGPDKEF ~ (SEQ ID
NO: 102)

[00273] HST2 (S cerevisiae):

ASSPKKKRKVEASTEMSVRKI AAHVKSNPNAKVI  FWGAG STSCGE PDFRSPGT GL YHNLARLKLPYPE
AVFDVDFFQSDPLPFYTLAKEL YPGNFRPSKFHYLLKLFQDKDVLKRVYTONI DTLERQAGVKDDLI | EA
HGSFAHCHCI GCKVYPPQVFKSKLAEHPI KDFVKCDVCGEL VKPAI VFFGEDL PDSFSETW.NDSEW.R
EKI TTSCKHPQQPLVI WGTSLAVYPFASLPEEI  PRKVKRVLCNLETVGDFKANKRPTDLI VHQYSDEFA

EQLVEEL GANQEDFEKI LTAQGGMGEF  (SEQ ID NO:103)

[00274] CobB (E. coli (K12)):

ASSPKKKRKVEASMEKPRVLVLTGAG SAESA RTFRAADGLWEEHRVEDVATPEGFDRDPEL VQAFYNA
RRRQL QQPEI QPNAAHL AL AKL QDAL GCDRFLLVTQNI DNLHERAGNTNVI HVHGEL L KVRCSQSGQVLDW
TGOVTPEDKCHCCQFPAPLRPHWAFGEMPLGVDElI  YMALSMADI FI Al GTSGHVYPAAGFVHEAKL HGA

HTVELNLEPSQVGNEFAEKYYGPASQNPEFVEKLLKGLKAGSI AEF (SEQ ID NO:104)

[00275] HST2 (C. albicans):

ASSPKKKRKVEASMPSLDDI LKPVAEAVKNGKKVTFFNGAG STGAG PDFRSPDTGLYANLAKLNLPFA
EAVFDI DFFKEDPKPFYTLAEEL YPGNFAPTKFHHFI KLLQDQGSLKRVYTONI  DTLERLAGVEDKYI VE
AHGSFASNHCVDCHKEMI TETLKTYMKDKKI PSCQHCEGYVKPDI VFFGEGL PVKFFDLWEDDCEDVEVA

| VAGT SLTVFPFASL PGEVNKKCLRVLVNKEKVGTFKHEPRKSDI 1 ALHDCDI VAERL CTLLG.DDKLNE
VYEKEKI KYSKAETKEI KVHEI EDKLKEEAHL KEDKHT TKVDKKEKONDANDKEL EQL | DKAKAEF

(SEQ 1D NO: 105)

[00276] SIRT5 (human):

ASSPKKKRKVEASSSSVADFRKFFAKAKHI VI I SGAGYSAE SGVPT FRGAGGYWRKWOAQDL AT PLAFAH
NPSRVWAEFYHYRREVMGSKEPNAGHRAI  AECETRLGKQGRRVW TONI DELHRKAGTKNLLEI HGSLFK
TRCTSCGVWAENYKSPI CPALSCKGAPEPGTQDASI  PVEKL PRCEEAGCGE. L RPHWAFGENL DPAI LE
EVDREL AHCDL CLWGT SSWYPAAMFAPQVAARGVPVAE FNTETTPATNRFRFHFQGPCGT TLPEALAC

HENETVSEF (SEQ ID NO: 106)
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[00277] Sir2A {P.falciparum):

ASSPKKKRKVEASMGNLM SFLKKDTQSI TLEELAKI | KKCKHVVALTGSGTSAESNI PSFRGSSNSI W6
KYDPRI YGTI WGFWKYPEKI VEVI RDI SSDYEI EI NNGHVALSTLESL GYLKSVVTQNVDGLHEASGNTK
VI SLHGNVFEAVCCTCNKI VKLNKI MLQKTSHFVHQLPPECPCGE FKPNI | LFGEWSSDLLKEAEEEI
AKCDLLLVI GTSSTVSTATNL CHFACKKKKKI VEI NI SKTYI TNKMSDYHVCAKFSELTKVANI LKGSSE

KNKKI MEF  (SEQ ID NO:107)

[00278] SIRT6 (human):

ASSPKKKRKVEASMSVNYAAGL SPYADKGKCGELPEI  FDPPEEL ERKVWELARLVWOSSSWFHTGAG ST
ASG PDFRGPHGYWI VEERGLAPKFDT TFESARPTQIHVAL VQLERVGL LRFLVSQNVDGALHVRSG-PRD
KLAEL HGNMFVEECAKCKTQYVRDTWGT MGL KATGRL CTVAKARGLRACRGELRDT! L DWEDSL PDRDL
ALADEASRNADLS| TLGTSLQ RPSGNLPLATKRRGGRLVI VNLQPTKHDRHADL Rl HGYVDEVMIRL MK

HLGLEI PAWDGPRVLERALPPLEF (SEQ ID NO: 108)

[00279] HMT effector domains:

[00280] NUE (C. trachomatis):

ASSPKKKRKVEASMI TNSTQDTL YLSLHGG DSAI PYPVRRVEQL L QFSFLPEL QFQNAAVKQRI QRLCY
REEKRLAVSSLAKW.GQL HKQRLRAPKNPPVAI CW NSYVGYGVFARESI  PAWSY! GEYTG LRRRQALW
L DENDYCFRYPVPRYSFRYFTI DSGMQGNVTRFI NHSDNPNLEAI GAFENG  FHTT | RAI KDI LPGEELC

YHYGPL YWKHRKKREEFVPQEEEF  (SEQ 1D NO:109)

[00281] VSET (P. bursaria chlorella virus):

ASSPKKKRKVEASMFNDRVI VKKSPL GGYGVFARKSFEKGEL VEECLCl VRHNDDWGTALEDYL FSRKNM
SAMALGFGAI FNHSKDPNARHELTAGLKRMRI FTIKPIAI GEEI TI SYGDDYW.SRPRLTONEF (SEQ
ID NO: 110)

[00282] SUV39H1 (human):

ASSPKKKRKVEASNLKCVRI L KQFHKDL EREL L RRHHRSKTPRHL DPSL ANYL VQKAKQRRAL RRWEQEL
NAKRSHLGRI TVENEVDLDGPPRAFVY! NEYRVGEG TLNQVAVGCECQDCLWAPTGGCCPGASLHKFAY
NDQGQVRLRAGLPI  YECNSRCRCGYDCPNRWXKG RYDLCI  FRTDDGRGWGVRTLEKI RKNSFVMVEYVG
EI| TSEEAERRGQ YDRQGATYLFDLDYVEDVYTVDAAYYGNI SHFVNHSCDPNLQVYNVFI  DNLDERLP
Rl AFFATRTI RAGEEL TFDYNMQVDPVDMESTRVDSNFGLAGL PGSPKKRVRI ECKCGTESCRKYLFEF

(SEQ 1D NO: 111)

[00283] DIMS5 (N. crassa):

ASSPKKKRKVEASVEKAFRPHFFNHGKPDANPKEKKNCHWOQ RSFATHAQLPI S| VNREDDAFLNPNFR
FI DHSI | GKNVPVADQSFRVGCSCASDEECMYSTCQCL DEMAPDSDEEADPY TRKKRFAYYSQGAKKGL L
RDRVL QSQEPI YECHQGCACSKDCPNRVWERGRTVPLQ FRTKDRGAGVKCPVNI KRGQFVDRYLGEI | T
SEEADRRRAESTI ARRKDVYL FAL DKFSDPDSL DPLLAGQPL EVDGEYMSGPTRFI NHSCDPNVAI - FARV
GDHADKHI HDLALFAI KDl PKGTEL TFDYVNGL TGLESDAHDPSKI  SEMTKCL CGTAKCRGYLVEF

(SEQ ID NO: 112)
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[00284] KYP (A thaliana):

ASSPKKKRKVEASDI SGELEFKG PATNRVDDSPVSPTSGFTYI KSLI TEPNVI | PKSSTGCNCRGSCTD
SKKCACAKLNGGNFPYVDLNDGRLI ESRDVVFECGPHCGCGPKCVNRT SQKRL RFNL EVFRSAKKGAAVR
SVEEYI PAGSPVCEY! GARRTADVDTI SDNEYI FEI DCQQT MG GGRORRL RDVAVPMNNGVSQSSEDE
NAPEFCI DAGSTGNFARFI NHSCEPNLFVQCVLSSHQDI RLARVWLFAADNI  SPMELTYDYGYALDSVH

EF (SEQ ID NO:113)

[00285] SUVRA4 (A. thaliana):

ASSPKKKRKVEASQSAYLHVSLARI SDEDCCANCKGNCL SADFPCTCARETSGEYAYTKEGLLKEKFLDT
CLKMKKEPDSFPKVYCKDCPL ERDHDKGT YGKCDGHL I RKFI KECWRKCGCDMQCGNRWORG RCOLQV
YFTQEGKGWGELRTLQDLPKGTFI CEYI GEI LTNTEL YDRNVRSSSERHT YPVTL DADWGSEKDL KDEEAL
CLDATI CGNVARFI NHRCEDANM D1 Pl EI ETPDRHYYH AFFTLRDVKAMDELTWDYM  DFNDKSHPVK

AFRCCCGSESCRDRKI KGSQGKSI ERRKI VSAKKQQGSKEVSKKRKEF  (SEQ ID NO:1 14)

[00286] Set4 (C. elegans):

ASSPKKKRKVEASMQLHEQ ANT SVTENDI PRSDHSMIPTEL CYFDDFAT TLWDSVLNFTTHKMBKKRR
YLYQDEYRTARTVMKTFREQRDWI NAI YGLL TLRSVSHFL SKLPPNKLFEFRDHI VRFLNVFI LDSGYTI
CQECKRYSQEGHQGAKLVSTGYWERGDKI ERLSGVVCLLSSEDEDS| LAQEGSDFSVMYSTRKRCSTLW.G
PGAY! NHDCRPTCEFVSHGSTAHI RVLRDMVPGDEI TCFYGSEFFGPNNI - DCECCTCEKNWNGAFSYLRG

NENAEPI T SEKKTKYELRSRSEF (SEQ ID NO: 115)

[00287] Setl (C. elegans):

ASSPKKKRKVEASMKVAAKKL ATSRVRKDRAAAASPSSDI ENSENPSSL ASHSSSSCRMIPSKNTRSRKG
VSVKDVSNHKI TEFFQVRRSNRKTSKQ  SDEAKHAL RDTVLKGTNERLLEVYKDWKGRG RTKVNFEKG
DFVEYRGVMVEYSEAKYVI EEQYSNDEEI GSYMYFFEHNNKKWCI DATKESPWKGRLI NHSVLRPNLKTK

W EIDGSHHLI LVARRQ AQGEELLYDYGDRSAETI AKNPW.VNTEF (SEQ ID NO: 116)

[00288] SETDS8 (human)

ASSPKKKRKVEASSCDSTNAAI  AKQALKKPI KGKQAPRKKAQGKT QONRKL TDFYPVRRSSRKSKAEL QS
EERKRI DELI ESGKEEGWKI DLI DGKGRGVI ATKQFSRGDFVVEYHGDLI El TDAKKREAL YAQDPSTGC
YMYYFQYLSKTYCVDATRETNRLGRLI NHSKCGNCQTKLHDI  DGVPHLI LI ASRDI AAGEELLYDYGDRS

KAS| EAFPW.KHEF (SEQ ID NO: 117)

[00289] TQgSET8 (T. gondii):

ASSPKKKRKVEASASRRT CEFL RDAQAPSRW. KRSKT GQDDGAFCL ETW. AGAGDDAAGGERGRDREGAA
DKAKQREERRQKEL EERFEEMKVEFEEKACQRM ARRAALTCGEI YSDGKGSKKPRVPSL PENDDDALI El I
| DPEQE LKWPLSVMS | RQRTVI YQECLRRDLTACI HLTKVPGKGRAVFAADT| LKDDFVWEYKGEL CSE
REAREREQRYNRSKVPMGSFM-YFKNGSRMVAI DATDEKQDFGPARL T NHSRRNPNMTPRAI TLGDFNSE

PRLI FVARRNI EKGEELLVDYGERDPDVI KEHPW.NSEF  (SEQ ID NO:118)

[00290] Those of skill in the art will understand that any of the exemplary Cas9 proteins,

including the exemplary Cas9 nucleases, variants, and fusions thereof, e.g., described herein, can
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be delivered to cells using the instantly disclosed technology, and that the disclosure isnot
limited in this respect.

Nuclease effector proteins

[00291] TALE nucleases, or TALENS, are artificial nucleases comprising atranscriptional
activator-like effector DNA binding domain associated with a DNA cleavage domain, for
example, a Fokl domain. A number of modular assembly schemes for generating engineered
TALE constructs have been reported (Zhang, Feng; et.al. (February 201 1). "Efficient
construction of sequence-specific TAL effectors for modulating mammalian

transcription”. Nature Biotechnology 29 (2): 149-53; Geipier, R.; Scholze, H.; Hahn, S,;
Streubel, J.; Bonas, U.; Behrens, S. E.; Boch, J. (201 1), Shiu, Shin-Han. ed. "Transcriptional
Activators of Human Genes with Programmable DNA-Specificity”. PLoS ONE 6 (5): €9509;
Cermak, T.; Doyle, E.L.; Christian, M.; Wang, L.; Zhang, Y.; Schmidt, C ; Bailer, J. A.; Somia,
N.V.etal (2011). "Efficient design and assembly of custom TALEN and other TAL effector-
based constructs for DNA targeting". Nucleic Acids Research; Morbitzer, R.; Elsaesser, J;
Hausner, J.; Lahaye, T. (201 1). "Assembly of custom TALE-type DNA binding domains by
modular cloning". Nucleic Acids Research; Li, T.; Huang, S.; Zhao, X.; Wright, D. A.;
Carpenter, S,; Spalding, M. H.; Weeks, D. P.; Yang, B. (201 1). "Modularly assembled designer
TAL effector nucleases for targeted gene knockout and gene replacement in eukaryotes'. Nucleic
Acids Research.; Weber, E.; Gruetzner, R.; Werner, S.; Engler, C ; Marillonnet, S. (201 1).
Bendahmane, Mohammed. ed. "Assembly of Designer TAL Effectors by Golden Gate

Cloning". PLoS ONE 6 (5): €l9722; the entire contents of each of which are incorporated herein
by reference). Those of skill in the art will understand that TALE nucleases can be engineered to
target virtually any genomic sequence with high specificity, and that such engineered nucleases
can be used in embodiments of the present technology to manipulate the genome of acell, eg.,
by delivering the respective TALEN via amethod or strategy disclosed herein under
circumstances suitable for the TALEN to bind and cleave its target sequence within the genome
of the cell. In some embodiments, the delivered TALEN targets a gene or allele associated with
adisease or disorder. In some embodiments, delivery of the TALEN to a subject confers a

therapeutic benefit to the subject.
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[00292] Zinc finger nucleases are a class of artificial nucleases that comprise aDNA
cleavage domain and a zinc finger DNA binding domain. In some embodiments, the DNA
cleavage domain is anon-specific DNA cleavage domain of arestriction endonuclease, for
example, of Fokl. In some embodiments, the DNA cleavage domain is adomain that only
cleaves double-stranded DNA when dimerized with a second DNA cleavage domain of the same
type. In some embodiments, the DNA cleavage domain is fused to the C-terminus of the zinc
finger domain via alinker, for example, apeptide linker. In some embodiments, the zinc finger
domain comprises between about 3 and about 6 zinc fingers and specifically recognizes and
binds atarget sequence of about 9-20 nucleotides in length. In some embodiments, aplurality of
zinc finger nuclease molecules is delivered to atarget cell by a system or method provided by
this invention, with the zinc finger domain of one zinc finger nuclease molecule binding atarget
sequence in close proximity of the target sequence of a second zinc finger nuclease molecule. In
some embodiments, the zinc finger domains of the zinc finger nuclease molecules binding target
sequences in close proximity to each other are different. In some embodiments, a zinc finger
nuclease molecule delivered to acell by a system or method provided herein binds atarget
nucleic acid sequence in close proximity to the target sequence of another zinc finger nuclease
molecule, so that the DNA cleavage domains of the molecules dimerize and cleave aDNA
molecule a a site between the two target sequences.

[00293] In some embodiments, the genome of the target cell is edited by anuclease
delivered to the cell via a strategy or method disclosed herein, e.g., by a TALEN, or azinc-finger
nuclease, or aplurality or combination of such nucleases. In some embodiments, asingle- or
double-strand break isintroduced at a specific site within the genome of atarget cell by the
nuclease, resulting in a disruption of the targeted genomic sequence. In some embodiments, the
targeted genomic sequence is anucleic acid sequence within the coding region of agene. In
some embodiments, the strand break introduced by the nuclease leads to a mutation within the
target gene that impairs the expression of the encoded gene product. In some embodiments, a
nucleic acid is co-delivered to the cell with the nuclease. In some embodiments, the nucleic acid
comprises a sequence that isidentical or homologous to a sequence adjacent to the nuclease
target site. In some such embodiments, the strand break effected by the nuclease isrepaired by
the cellular DNA repair machinery to introduce al or part of the co-delivered nucleic acid into

the cellular DNA a the break site, resulting in atargeted insertion of the co-delivered nucleic
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acid, or part thereof. In some embodiments, the insertion results in the disruption or repair of a
pathogenic alele. In some embodiments, the insertion is detected by a suitable assay, e.g., a
DNA sequencing assay, a southern blot assay, or an assay for areporter gene encoded by the co-
delivered nucleic acid, e.g., afluorescent protein or resistance to an antibiotic. In some
embodiments, the nucleic acid is co-delivered by association to a supercharged protein. In some
embodiments, the supercharged protein is also associated to the functional effector protein, e.g.,
the nuclease. In some embodiments, the delivery of anuclease to atarget cell resultsin a
clinically or therapeutically beneficial disruption of the function of a gene.

[00294] In some embodiments, cells from a subject are obtained and anuclease or other
effector protein is delivered to the cells by a system or method provided herein ex vivo. In some
embodiments, the treated cells are selected for those cells in which a desired nuclease-mediated
genomic editing event has been effected. In some embodiments, treated cells carrying adesired
genomic mutation or ateration are returned to the subject they were obtained from.

[00295] Methods for engineering, generation, and isolation of nucleases targeting specific
sequences, e.g., TALE, or zinc finger nucleases, and editing cellular genomes at specific target
sequences, are well known in the art (see, e.g., Mani et al, Biochemical and Biophysical
Research Communications 335:447-457, 2005; Perez et al., Nature Biotechnology 26:808-16,
2008; Kim et al, Genome Research, 19:1279-88, 2009; Urnov et al, Nature 435:646-51, 2005;
Carroll etal, Gene Therapy 15:1463-68, 2005; Lombardo et al, Nature Biotechnology 25:1298-
306, 2007; Kandavelou et al, Biochemical and Biophysical Research Communications 388:56-
61, 2009; and Hockemeyer et al, Nature Biotechnology 27(9):851-59, 2009, aswell asthe
reference recited in the respective section for each nuclease). The skilled artisan will be able to
ascertain suitable methods for use in the context of the present disclosure based on the guidance

provided herein.

TALE effector proteins

[00296] In some embodiments, effector proteins comprising a TALE domain are delivered
to atarget cell by asystem or method provided herein. In some embodiments, a TALE effector,
e.g., an engineered TALE transcription factor comprising a TALE DNA binding domain and a
heterologous transcriptional activator or repressor domain, is delivered to a cell by a system or

method provided by aspects of this invention. In some embodiments, the TALE effector, e.g., a
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transcription factor, is delivered to acell in an amount sufficient to activate or inhibit
transcription of atarget gene of the transcription factor within the cell. In some embodiments, a
transcription factor is delivered in an amount and over atime period sufficient to effect achange
in the phenotype of atarget cell, for example, a change in cellular function, or achange in
developmental potential. Exemplary TALE transcription factors are described herein, and the
skilled artisan will be able to identify additional suitable TALE transcription factors based on the
guidance provided herein and the knowledge of such TALE transcription factorsin the art.
[00297] In some embodiments, atarget cell, for example, a somatic cell, is contacted with
aTALE transcription factor, or a combination of such factors, associated with a supercharged
protein provided herein. In some embodiments the target cell is aprimary somatic cell and is
contacted in vitro or ex vivo with a TALE transcription factor associated with a supercharged
protein. In some embodiments, the TALE transcription factor is associated with a positively
charged supercharged protein, e.g., as described herein. In some embodiments, the TALE
transcription factor is associated with anegatively charged supercharged proteins, e.g., as
described herein. In some embodiments, the TALE transcription factor is associated with a
cationic lipid and/or cationic polymer, e.g., as described herein. In some embodiments, the
TALE transcription factor is associated with anegatively charged supercharged protein and a
cationic lipid and/or cationic polymer, e.g., as described herein.

[00298] In some embodiments, atarget cell is contacted, or repeatedly contacted, with a
TALE transcription factor associated with a supercharged protein (and optionally acationic lipid
and/or cationic polymer) as provided herein, and a desired change in cellular phenotype or gene
expression is detected. In some embodiments, atarget cell is contacted repeatedly with aTALE
transcription factor associated with a supercharged protein (and optionally a cationic lipid and/or
cationic polymer) as provided herein until the formation of a desired cellular phenotype is
detected. Methods for detecting cellular phenotypes and gene expression are well known to those
in the art and include, for example, morphological analysis, and detection of marker gene
expression by well-established methods such as immunohistochemistry, fluorescence activated
cell sorting (FACS), or fluorescent microscopy. In some embodiments, atarget cell is contacted
with aTALE transcription factor associated with a supercharged protein as provided herein for a
period of a least 3 hours, at least 6 hours, at least 12 hours, at least Iday, at least 2 days, at least
3 days, a least 4 days, a least 5 days, a least 6 days, a least 7 days, at least 10-12 days, at least
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12-15 days, at least 15-20 days, at least 20-25 days, at least 25-30 days, a least 30-40 days, at
least 40-50 days, at least 50-60 days, at least 60-70, or a least 70-100 days.

[00299] In some embodiments, atarget cell is contacted with a TALE transcription factor
associated with a supercharged protein (and optionally a cationic lipid and/or cationic polymer)
as provided herein in an amount and for atime period effective to program the cell towards a
different cell state. Aswill be apparent to those of skill in the art, the amount necessary to
program or re-program acell will dependent on various factors, for example, on the cell type and
the treatment schedule. In general, delivery of aTALE transcription factor to atarget somatic
cell by a system or method provided herein will be a a concentration below a concentration at
which significant toxicity can be observed. The critical concentration will depend, for example,
on the specific TALE transcription factor, the supercharged protein it is associated with, the type
of association, and the type of cell being treated.

[00300] A useful concentration of afunctional effector protein associated with a
supercharged protein (and optionally acationic lipid and/or cationic polymer) for delivery to a
specific cell type can be established by those of skill in the art by routine experimentation. In
some embodiments atarget cell is contacted in vitro or ex vivo with afunctional effector protein
associated with a supercharged protein (and optionally a cationic lipid and/or cationic polymer)
a aconcentration of about 1pM to about 1 uM . In some embodiments, atarget cell is contacted
in vitro or ex vivo with the functional effector protein associated to a supercharged protein a a
concentration of about 1 pM, about 2.5 pM, about 5 pM, about 7.5 pM, about 10 pM, about 20
pM, about 25 pM, about 30 pM, about 40 pM, about 50 pM, about 60 pM, about 70 pM, about
75 pM, about 80 pM, about 90 pM, about 100 pM, about 200 pM, about 250 pM, about 300 pM,
about 400 pM, about 500 pM, about 600 pM, about 700 pM, about 750 pM, about 800 pM, about
900 pM, about 1nM, about 2nM, about 3nM, about 4nM, about 5nM, about 6nM, about 7 nM,
about 8 nM, about 9nM, about 10nM, about 20nM, about 25 nM, about 30 nM, about 40 nM,
about 50 nM, about 60 nm, about 70 nM, about 75 nM, about 80 nM, about 90 nM, about 100
nM, about 200 nM, about 250 nM, about 300 nM, about 400 nM, about 500 nM, about 600 NM,
about 700 nM, about 750 nM, about 800 nM, about 900 nM, or about 1 uM . A useful time of
exposure of the target cell to the functional effector protein, and, if necessary, incubation after
administration in the absence of the functional effector protein, aswell asanumber of

administration/incubation cycles useful to achieve adesired biological effect {e.g., change in
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gene transcription, cleavage of atarget site by adelivered nuclease, etc), or adesired cellular
phenotype can also be established by those of skill in the art by routine experimentation.

[00301] In some embodiments, the target cell for delivery of afunctional effector protein
by a system or method provided herein, isaprimary cell obtained by abiopsy from a subject. In
some embodiments, the subject is diagnosed as having a disease. In some embodiments the
disease is a degenerative disease characterized by diminished function of a specific cell type, for
example, aneura cell. In some embodiments, a cell treated with afunctional effector protein
according to the strategies or methods disclosed herein, or the progeny of such acell, isused in a
cell-replacement therapeutic approach. In some embodiments, the treated cells are administered
to the subject from which the somatic cell was obtained in an autologous cell replacement
therapeutic approach.

[00302] In some embodiments, a functional effector protein, e.g., TALE transcription
factor able to convert acell from one differentiated state into another, is delivered to atarget cell
invitro or in vivo by a system or method provided herein. Transcription factors that effect
transdifferentiation are known in the art (see, e.g., Zhou et a/., Nature 455:627-33, 2008). In
some embodiments, a TALE transcription factor modulating the expression of PPARy or

PRDM 16 are delivered to fibroblast cells by a system or method as provided by this invention. It
isknown in the art that expression these transcription factorsis apivotal step in the programming
of fibroblasts towards abrown fat or white fat cell state. In some embodiments, a programmed
brown fat cell is generated from afibroblast obtained from a subject in need of brown fat cells,
and is administered to the subject, e.g., used in a cell-replacement therapeutic approach involving

the subject.

Formation d Complexes

[00303] The present invention provides complexes comprising supercharged proteins
associated with one or more functional effector proteins to be delivered. In some embodiments,
supercharged proteins are associated with one or more functional effector proteins to be
delivered through non-covalent interactions. In some embodiments, supercharged proteins are
associated with one or more functional effector proteins through electrostatic interactions. In
certain embodiments, supercharged proteins have an overall net positive charge, and the

functional effector proteins to be delivered have an overall net negative charge. In some
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embodiments, the complex further comprises a cationic lipid and/or cationic polymer. For
example, in some embodiments, the supercharged protein of the complex is supernegatively
charged, alowing for association with cationic lipids and/or polymers.

[00304] In certain embodiments, supercharged proteins are associated with one or more
functional effector proteins to be delivered via covalent bond. For example, a supercharged
protein may be fused to afunctional effector protein to be delivered. Covalent attachment may
be direct or indirect (e.g., through alinker). In some embodiments, a covalent attachment is
mediated through one or more linkers. In some embodiments, the linker is acleavable linker .
In certain embodiments, the cleavable linker comprises an amide, ester, or disulfide bond. For
example, the linker may be an amino acid sequence that is cleavable by a cellular enzyme. In
certain embodiments, the enzyme is aprotease. In other embodiments, the enzymeis an
esterase. In some embodiments, the enzyme is one that is more highly expressed in certain cell
types than in other cell types. For example, the enzyme may be one that is more highly
expressed in tumor cells than in non-tumor cells. Exemplary linkers and enzymes that cleave

those linkers are presented below.

Cleavable Linkers

Linker Sequence Enzyme(s) Targeting Linker

X'-AGVF-X lysosomal thiol proteinases (see, e.g., Duncan et al., 1982, Biosci.
(SEQ ID NO: 256) | Rep., 2:1041-46; incorporated herein by reference)

X-GFLG-X lysosomal cysteine proteinases (see, e.g., Vasey et al., Clin. Canc.
(SEQ ID NO: 257) | Res., 1999, 5:83-94; incorporated herein by reference)

X-FK-X Cathepsin B — ubiquitous, overexpressed in many solid tumors, such
as breast cancer (see, e.g., Dubowchik et al., 2002, Bioconjugate

Chem., 13:855-69; incorporated herein by reference)

X-A*L-X Cathepsin B — ubiquitous, overexpressed in many solid tumors, such
as breast cancer (see, e.g., Trouet et al., 1982, Proc. Natl. Acad. Sci.,

US4, 79:626-29; incorporated herein by reference)

X-A*LA*L-X Cathepsin B — ubiquitous, overexpressed in many solid tumors (see,
(SEQ ID NO: 258) | e.g., Schmid et al., 2007, Bioconjugate Chem, 18:702-16;

incorporated herein by reference)
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X-AL*AL*A-X Cathepsin D - ubiquitous (see, e.g., Czerwinski et al., 1998, Proc.
(SEQ ID NO: 259) | Natl. Acad. <ci., USA, 95: 11520-25; incorporated herein by reference)

1X denotes a supercharged protein or afunctional effector protein to be delivered
* refers to observed cleavage site

[00305] To give but one particular example, a+36 GFP may be associated with a
functional effector protein to be delivered by acleavable linker, such asALAL (SEQ ID NO:
254), to generate +36 GFP-(GGS) ,-ALAL-(GGS) ,-[functional effector protein X] (SEQ ID NO:
255).

[00306] In certain embodiments, the functional effector protein to be delivered is
contacted with the supercharged protein to form a complex. In some embodiments, formation of
complexes is carried out a or around pH 7. In some embodiments, formation of complexesis
carried out at about pH 5, about pH 6, about pH 7, about pH 8, or about pH 9. Formation of
complexes istypically carried out a apH that does not negatively affect the function of the
supercharged protein and/or the functional effector protein. In some embodiments, formation of
complexes is carried out a room temperature. In some embodiments, formation of complexesis
carried out a or around 37 °C. In some embodiments, formation of complexes is carried out
below 4 °C, at about 4 °C, at about 10 °C, a about 15 °C, at about 20 °C, a about 25 °C, & about
30 °C, at about 35 °C, at about 37 °C, a about 40 °C, or higher than 40 °C. Formation of
complexes istypically carried out a atemperature that does not negatively affect the function of
the supercharged protein and/or functional effector protein. In some embodiments, formation of
complexes is carried out in serum-free medium. In some embodiments, formation of complexes
is carried out in the presence of CO, {e.g., about 1%, about 2%, about 3%, about 4%, about 5%,
about 6%, or more).

[00307] In some embodiments, formation of complexes is carried out using concentrations
of functional effector protein of about 100 nM. In some embodiments, formation of complexes
is carried out using concentrations of functional effector protein of about 25 nM, about 50 nM,
about 75 nM, about 90 nM, about 100 nM, about 110 nM, about 125 nM, about 150 nM, about
175 nM, or about 200 nM. In some embodiments, formation of complexes is carried out using
concentrations of supercharged protein of about 40 nM. In some embodiments, formation of

complexes is carried out using concentrations of supercharged protein of about 10 nM, about 20
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nM, about 30 nM, about 40 nM, about 50 nM, about 60 nM, about 70 nM, about 80 nM, about
90 nM, or about 100 nM.

[00308] In some embodiments, formation of complexes is carried out under conditions of
excess functional effector protein. In some embodiments, formation of complexes is carried out
with ratios of functional effector protein:supercharged protein of about 20:1, about 10:1, about
9:1, about 8:1, about 7:1, about 6:1, about 5:1, about 4:1, about 3:1, about 2:1, or about 1:1. In
some embodiments, formation of complexes is carried out with ratios of functional effector
protein:supercharged protein of about 3:1. In some embodiments, formation of complexes is
carried out with ratios of supercharged protein: functional effector protein of about 20:1, about
10:1, about 9:1, about 8:1, about 7:1, about 6:1, about 5:1, about 4:1, about 3:1, about 2:1, or
about 1:1.

[00309] In some embodiments, formation of complexes is carried out by mixing
supercharged protein with functional effector protein, and agitating the mixture (e.g., by
inversion). In some embodiments, formation of complexes is carried out by mixing
supercharged protein with functional effector protein, and alowing the mixture to sit still. In
some embodiments, the formation of the complex is carried out in the presence of a
pharmaceutically acceptable carrier or excipient. In some embodiments, the complex is further
combined with a pharmaceutically acceptable carrier or excipient. Exemplary excipients or
carriers include water, solvents, lipids, proteins, peptides, endosomolytic agents (e.g.,
chloroquine, pyrene butyric acid), small molecules, carbohydrates, buffers, natural polymers,
synthetic polymers (e.g., PLGA, polyurethane, polyesters, polycaprolactone, polyphosphazenes),
pharmaceutical agents, etc.

[00310] In some embodiments, complexes comprising supercharged protein and
functional effector protein may migrate more slowly in gel electrophoresis assays than either the

supercharged protein alone or the functional effector protein alone.

Applications

[00311] The present invention provides compositions comprising supercharged proteins,
naturally occurring or engineered, associated with functional effector proteins (e.g., nucleases,
transcriptional activators/repressors, recombinases, Cas9 proteins including variants and fusions

thereof, etc.) to be delivered to acell, aswell asmethods of using such compositions and uses of
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such compositions. In certain embodiments, compositions are provided comprising a Cas9
protein (e.g., wherein the Cas9 protein is associated with agRNA) and a cationic lipid. In
certain embodiments, compositions are provided comprising a Cas9 protein (e.g., wherein the
Cas9 protein is associated with agRNA) and a cationic polymer. The inventive compositions
may be used to treat or prevent any disease that can benefit, e.g., from the delivery of an agent to
acell. The inventive compositions may also be used to transfect or treat cells for research
puUrposes.

[00312] In some embodiments, compositions in accordance with the invention may be
used for research purposes, e.g., to efficiently deliver functional effector proteins to cellsin a
research context. In some embodiments, compositions in accordance with the present invention
may be used for therapeutic purposes. In some embodiments, compositions in accordance with
the present invention may be used for treatment of any of avariety of diseases, disorders, and/or
conditions, including, but not limited to, one or more of the following: autoimmune disorders
(e.g., diabetes, lupus, multiple sclerosis, psoriasis, rheumatoid arthritis); inflammatory disorders
(e.g., arthritis, pelvic inflammatory disease); infectious diseases (e.g., viral infections (e.g., HIV,
HCV, RSV), bacterial infections, fungal infections, sepsis); neurological disorders (e.g.
Alzheimer's disease, Huntington's disease; autism; Duchenne muscular dystrophy);
cardiovascular disorders (e.g. atherosclerosis, hypercholesterolemia, thrombosis, clotting
disorders, angiogenic disorders such as macular degeneration); proliferative disorders (e.g.
cancer, benign neoplasms); respiratory disorders (e.g. chronic obstructive pulmonary disease);
digestive disorders (e.g. inflammatory bowel disease, ulcers); musculoskeletal disorders (e.g.
fibromyalgia, arthritis); endocrine, metabolic, and nutritional disorders (e.g. diabetes,
osteoporosis); urological disorders (e.g. rena disease); psychological disorders (e.g. depression,
schizophrenia); skin disorders (e.g. wounds, eczema); blood and lymphatic disorders (e.g.
anemia, hemophilia); etc.

[00313] Compositions of the invention may beused in aclinical setting. For example, a
supercharged protein may be associated with afunctional effector protein that can be used for
therapeutic applications. Such functional effector protein may be, for example, nucleases or
transcriptional activators. Other compositions comprising a Cas9 protein and a cationic lipid
may also be used for therapeutic applications.

[00314] In some embodiments, the supercharged protein or functional effector protein
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associated with a supercharged protein includes a detectable label. These molecules can be used
in detection, imaging, disease staging, diagnosis, or patient selection. Suitable labels include
fluorescent, chemiluminescent, enzymatic labels, colorimetric, phosphorescent, density-based
labels, e.g., labels based on electron density, and in general contrast agents, and/or radioactive
labels.

Pharmaceutical Compositions

[00315] The present invention provides compositions comprising supercharged proteins
associated with at least one functional effector protein to be delivered, and in some embodiments
are encapsulated by cationic lipids. Other compositions comprising a Cas9 protein and a cationic
lipid are provided. Thus, the present invention provides pharmaceutical compositions
comprising one or more supercharged proteins associated with afunctional effector protein,
and/or one or more functional effector proteins associated with acationic lipid and/or cationic
polymer, and one or more pharmaceutically acceptable excipients. Pharmaceutical compositions
may optionally comprise one or more additional therapeutically active substances. In accordance
with some embodiments, amethod of administering pharmaceutical compositions comprising
one or more supercharged proteins associated with afunctional effector protein to be delivered to
asubject in need thereof isprovided. In some embodiments, compositions are administered to
humans. For the purposes of the present disclosure, the phrase "active ingredient” generally
refers to a Cas9 protein and/or supercharged protein associated with a functional effector protein,
or to the functional effector protein to be delivered as described herein.

[00316] Although the descriptions of pharmaceutical compositions provided herein are
principally directed to pharmaceutical compositions which are suitable for administration to
humans, it will be understood by the skilled artisan that such compositions are generally suitable
for administration to animals of al sorts. Modification of pharmaceutical compositions suitable
for administration to humans in order to render the compositions suitable for administration to
various animals iswell understood, and the ordinarily skilled veterinary pharmacologist can
design and/or perform such modification with merely ordinary, if any, experimentation. Subjects
to which administration of the pharmaceutical compositions is contemplated include, but are not
limited to, humans and/or other primates; mammals, including commercially relevant mammals

such as cattle, pigs, horses, sheep, cats, dogs, mice, and/or rats; and/or birds, including
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commercialy relevant birds such as chickens, ducks, geese, and/or turkeys.

[00317] Formulations of the pharmaceutical compositions described herein may be
prepared by any method known or hereafter developed in the art of pharmacology. In general,
such preparatory methods include the step of bringing the active ingredient into association with
an excipient and/or one or more other accessory ingredients, and then, if necessary and/or
desirable, shaping and/or packaging the product into a desired single- or multi-dose unit.

[00318] A pharmaceutical composition in accordance with the invention may be prepared,
packaged, and/or sold in bulk, as a single unit dose, and/or as aplurality of single unit doses. As
used herein, a"unit dose" is discrete amount of the pharmaceutical composition comprising a
predetermined amount of the active ingredient. The amount of the active ingredient is generally
equal to the dosage of the active ingredient which would be administered to a subject and/or a
convenient fraction of such a dosage such as, for example, one-half or one-third of such a
dosage.

[00319] Relative amounts of the active ingredient, the pharmaceutically acceptable
excipient, and/or any additional ingredients in a pharmaceutical composition in accordance with
the invention will vary, depending upon the identity, size, and/or condition of the subject treated
and further depending upon the route by which the composition isto be administered. By way of
example, the composition may comprise between 0.1% and 100% (w/w) active ingredient.
[00320] Pharmaceutical formulations may additionally comprise a pharmaceutically
acceptable excipient, which, asused herein, includes any and all solvents, dispersion media,
diluents, or other liquid vehicles, dispersion or suspension aids, surface active agents, isotonic
agents, thickening or emulsifying agents, preservatives, solid binders, lubricants and the like, as
suited to the particular dosage form desired. Remington's The Science and Practice d
Pharmacy, 2 1¢ Edition, A. R. Gennaro (Lippincott, Williams & Wilkins, Baltimore, MD, 2006;
incorporated herein by reference) discloses various excipients used in formulating
pharmaceutical compositions and known techniques for the preparation thereof. Except insofar
as any conventional excipient medium isincompatible with a substance or its derivatives, such as
by producing any undesirable biological effect or otherwise interacting in a deleterious manner
with any other component(s) of the pharmaceutical composition, its use is contemplated to be
within the scope of this invention.

[00321] In some embodiments, a pharmaceutically acceptable excipient is a least 95%, at

122



WO 2016/070129 PCT/US2015/058479

least 96%, at least 97%, at least 98%>, at least 99%, or 100% pure. In some embodiments, an
excipient is approved for use in humans and for veterinary use. In some embodiments, an
excipient is approved by United States Food and Drug Administration. In some embodiments,
an excipient ispharmaceutical grade. In some embodiments, an excipient meets the standards of
the United States Pharmacopoeia (USP), the European Pharmacopoeia (EP), the British
Pharmacopoeia, and/or the International Pharmacopoeia.

[00322] Pharmaceutically acceptable excipients used in the manufacture of pharmaceutical
compositions include, but are not limited to, inert diluents, dispersing and/or granulating agents,
surface active agents and/or emulsifiers, disintegrating agents, binding agents, preservatives,
buffering agents, lubricating agents, and/or oils. Such excipients may optionally beincluded in
pharmaceutical formulations. Excipients such as cocoa butter and suppository waxes, coloring
agents, coating agents, sweetening, flavoring, and/or perfuming agents can be present in the
composition, according to thejudgment of the formulator.

[00323] Exemplary diluents include, but are not limited to, calcium carbonate, sodium
carbonate, calcium phosphate, dicalcium phosphate, calcium sulfate, calcium hydrogen
phosphate, sodium phosphate lactose, sucrose, cellulose, microcrystaline cellulose, kaolin,
mannitol, sorbitol, inositol, sodium chloride, dry starch, cornstarch, powdered sugar, etc., and/or
combinations thereof.

[00324] Exemplary granulating and/or dispersing agents include, but are not limited to,
potato starch, corn starch, tapioca starch, sodium starch glycolate, clays, alginic acid, guar gum,
citrus pulp, agar, bentonite, cellulose and wood products, natural sponge, cation-exchange resins,
calcium carbonate, silicates, sodium carbonate, cross-linked poly(vinyl-pyrrolidone)
(crospovidone), sodium carboxymethyl starch (sodium starch glycolate), carboxymethyl
cellulose, cross-linked sodium carboxymethyl cellulose (croscarmellose), methylcellulose,
pregelatinized starch (starch 1500), microcrystalline starch, water insoluble starch, calcium
carboxymethy! cellulose, magnesium aluminum silicate (Veegum), sodium lauryl sulfate,
guaternary ammonium compounds, etc., and/or combinations thereof.

[00325] Exemplary surface active agents and/or emulsifiers include, but are not limited to,
natural emulsifiers {e.g. acacia, agar, alginic acid, sodium alginate, tragacanth, chondrux,
cholesterol, xanthan, pectin, gelatin, egg yolk, casein, wool fat, cholesterol, wax, and lecithin),

colloidal clays {e.g. bentonite [aluminum silicate] and Veegum® [magnesium aluminum
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silicate]), long chain amino acid derivatives, high molecular weight alcohols (e.g. stearyl alcohal,
cetyl alcohol, oleyl acohol, triacetin monostearate, ethylene glycol distearate, glyceryl
monostearate, and propylene glycol monostearate, polyvinyl alcohol), carbomers (e.g. carboxy
polymethylene, polyacrylic acid, acrylic acid polymer, and carboxyvinyl polymer), carrageenan,
cellulosic derivatives (e.g. carboxymethylcellulose sodium, powdered cellulose, hydroxymethyl
cellulose, hydroxypropyl cellulose, hydroxypropyl methylcellulose, methylcellulose), sorbitan
fatty acid esters (e.g. polyoxyethylene sorbitan monolaurate (Tween®20), polyoxyethylene
sorbitan (Tween®60), polyoxyethylene sorbitan monooleate [Tween®80], sorbitan

monopa mitate [Span®40], sorbitan monostearate [Span®60], sorbitan tristearate [Span®65],
glyceryl monooleate, sorbitan monooleate [Span®80]), polyoxyethylene esters (e.g.
polyoxyethylene monostearate [Myrj®45], polyoxyethylene hydrogenated castor ail,
polyethoxylated castor oil, polyoxymethylene stearate, and Solutol®), sucrose fatty acid esters,
polyethylene glycol fatty acid esters (e.g. Cremophor ®), polyoxyethylene ethers, (e.g.
polyoxyethylene lauryl ether (Brij®30)), poly(vinyl-pyrrolidone), diethylene glycol monolaurate,
triethanolamine oleate, sodium oleate, potassium oleate, ethyl oleate, oleic acid, ethyl laurate,
sodium lauryl sulfate, Pluronic®F 68, Poloxamer ®188, cetrimonium bromide, cetylpyridinium
chloride, benzalkonium chloride, docusate sodium, etc. and/or combinations thereof.

[00326] Exemplary binding agents include, but are not limited to, starch (e.g. cornstarch
and starch paste); gelatin; sugars (e.g. sucrose, glucose, dextrose, dextrin, molasses, lactose,
lactitol, mannitol,); natural and synthetic gums (e.g. acacia, sodium alginate, extract of Irish
moss, panwar gum, ghatti gum, mucilage of isapol husks, carboxymethylcellulose,
methylcellulose, ethylcellulose, hydroxyethylcellulose, hydroxypropyl cellulose, hydroxypropyl
methylcellulose, microcrystalline cellulose, cellulose acetate, poly(vinyl-pyrrolidone),
magnesium aluminum silicate (Veegum®), and larch arabogalactan); alginates; polyethylene
oxide; polyethylene glycol; inorganic calcium salts; silicic acid; polymethacrylates;, waxes,
water; alcohol; etc.; and combinations thereof.

[00327] Exemplary preservatives may include, but are not limited to, antioxidants,
chelating agents, antimicrobial preservatives, antifungal preservatives, acohol preservatives,
acidic preservatives, and/or other preservatives. Exemplary antioxidants include, but are not
limited to, alpha tocopherol, ascorbic acid, ascorbyl palmitate, butylated hydroxyanisole,

butylated hydroxytoluene, monothioglycerol, potassium metabisulfite, propionic acid, propyl
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gallate, sodium ascorbate, sodium bisulfite, sodium metabisulfite, and/or sodium sulfite.
Exemplary chelating agents include ethylenediaminetetraacetic acid (EDTA), citric acid
monohydrate, disodium edetate, dipotassium edetate, edetic acid, fumaric acid, malic acid,
phosphoric acid, sodium edetate, tartaric acid, and/or trisodium edetate. Exemplary
antimicrobial preservatives include, but are not limited to, benzalkonium chloride, benzethonium
chloride, benzyl alcohol, bronopol, cetrimide, cetylpyridinium chloride, chlorhexidine,
chlorobutanal, chlorocresol, chloroxylenol, cresol, ethyl alcohol, glycerin, hexetidine, imidurea,
phenol, phenoxyethanol, phenylethyl alcohol, phenylmercuric nitrate, propylene glycol, and/or
thimerosal. Exemplary antifungal preservatives include, but are not limited to, butyl paraben,
methyl paraben, ethyl paraben, propyl paraben, benzoic acid, hydroxybenzoic acid, potassium
benzoate, potassium sorbate, sodium benzoate, sodium propionate, and/or sorbic acid.
Exemplary alcohol preservatives include, but are not limited to, ethanol, polyethylene glycoal,
phenol, phenolic compounds, bisphenol, chlorobutanol, hydroxybenzoate, and/or phenylethyl
alcohol. Exemplary acidic preservatives include, but are not limited to, vitamin A, vitamin C,
vitamin E, beta-carotene, citric acid, acetic acid, dehydroacetic acid, ascorbic acid, sorbic acid,
and/or phytic acid. Other preservatives include, but are not limited to, tocopherol, tocopherol
acetate, deteroxime mesylate, cetrimide, butylated hydroxyanisol (BHA), butylated
hydroxytoluened (BHT), ethylenediamine, sodium lauryl sulfate (SLS), sodium lauryl ether
sulfate (SLES), sodium bisulfite, sodium metabisulfite, potassium sulfite, potassium
metabisulfite, Glydant Plus®, Phenonip®, methylparaben, Germall®115, Germaben®Il,
Neolone™, Kathon™, and/or Euxyl®.

[00328] Exemplary buffering agents include, but are not limited to, citrate buffer
solutions, acetate buffer solutions, phosphate buffer solutions, ammonium chloride, calcium
carbonate, calcium chloride, calcium citrate, calcium glubionate, calcium gluceptate, calcium
gluconate, b-gluconic acid, calcium glycerophosphate, calcium lactate, propanoic acid, calcium
levulinate, pentanoic acid, dibasic calcium phosphate, phosphoric acid, tribasic calcium
phosphate, calcium hydroxide phosphate, potassium acetate, potassium chloride, potassium
gluconate, potassium mixtures, dibasic potassium phosphate, monobasic potassium phosphate,
potassium phosphate mixtures, sodium acetate, sodium bicarbonate, sodium chloride, sodium
citrate, sodium lactate, dibasic sodium phosphate, monobasic sodium phosphate, sodium

phosphate mixtures, tromethamine, magnesium hydroxide, aluminum hydroxide, alginic acid,
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pyrogen-free water, isotonic saline, Ringer's solution, ethyl alcohol, etc., and/or combinations
thereof.

[00329] Exemplary lubricating agents include, but are not limited to, magnesium stearate,
calcium stearate, stearic acid, silica, talc, malt, glyceryl behanate, hydrogenated vegetable oils,
polyethylene glycol, sodium benzoate, sodium acetate, sodium chloride, leucine, magnesium
lauryl sulfate, sodium lauryl sulfate, etc., and combinations thereof.

[00330] Exemplary oils include, but are not limited to, almond, apricot kernel, avocado,
babassu, bergamot, black current seed, borage, cade, camomile, canola, caraway, carnauba,
castor, cinnamon, cocoa butter, coconut, cod liver, coffee, corn, cotton seed, emu, eucalyptus,
evening primrose, fish, flaxseed, geraniol, gourd, grape seed, hazel nut, hyssop, isopropy!
myristate, jojoba, kukui nut, lavandin, lavender, lemon, litsea cubeba, macademia nut, mallow,
mango seed, meadowfoam seed, mink, nutmeg, olive, orange, orange roughy, palm, palm kernel,
peach kernel, peanut, poppy seed, pumpkin seed, rapeseed, rice bran, rosemary, safflower,
sandalwood, sasguana, savoury, sea buckthorn, sesame, shea butter, silicone, soybean,
sunflower, teatree, thistle, tsubaki, vetiver, walnut, and wheat germ oils. Exemplary oils
include, but are not limited to, butyl stearate, caprylic triglyceride, capric triglyceride,
cyclomethicone, diethyl sebacate, dimethicone 360, isopropyl myristate, mineral ail,
octyldodecanol, oleyl acohal, silicone oil, and/or combinations thereof.

[00331] Liquid dosage forms for oral and parenteral administration include, but are not
limited to, pharmaceutically acceptable emulsions, microemulsions, solutions, suspensions,
syrups, and/or elixirs. In addition to active ingredients, liquid dosage forms may comprise inert
diluents commonly used in the art such as, for example, water or other solvents, solubilizing
agents and emulsifiers such as ethyl alcohol, isopropyl acohol, ethyl carbonate, ethyl acetate,
benzyl acohol, benzyl benzoate, propylene glycol, 1,3-butylene glycol, dimethylformamide, oils
(in particular, cottonseed, groundnut, corn, germ, olive, castor, and sesame ails), glycerol,
tetrahydrofurfuryl acohol, polyethylene glycols and fatty acid esters of sorbitan, and mixtures
thereof. Besides inert diluents, oral compositions can include adjuvants such as wetting agents,
emulsifying and suspending agents, sweetening, flavoring, and/or perfuming agents. In certain
embodiments for parenteral administration, compositions are mixed with solubilizing agents
such as Cremophor®, alcohals, oils, modified ails, glycols, polysorbates, cyclodextrins,

polymers, and/or combinations thereof.

126



WO 2016/070129 PCT/US2015/058479

[00332] Injectable preparations, for example, sterile injectable aqueous or oleaginous
suspensions may be formulated according to the known art using suitable dispersing agents,
wetting agents, and/or suspending agents. Sterile injectable preparations may be sterile
injectable solutions, suspensions, and/or emulsions in nontoxic parenterally acceptable diluents
and/or solvents, for example, as a solution in 1,3-butanediol. Among the acceptable vehicles and
solvents that may be employed are water, Ringer's solution, U.S.P., and isotonic sodium chloride
solution. Sterile, fixed oils are conventionally employed as a solvent or suspending medium.

For this purpose any bland fixed oil can be employed including synthetic mono- or diglycerides.
Fatty acids such as oleic acid can be used in the preparation of injectables.

[00333] Injectable formulations can be sterilized, for example, by filtration through a
bacterial-retaining filter, and/or by incorporating sterilizing agents in the form of sterile solid
compositions which can be dissolved or dispersed in sterile water or other sterile injectable
medium prior to use.

[00334] In order to prolong the effect of an active ingredient, it is often desirable to slow
the absorption of the active ingredient from subcutaneous or intramuscular injection. This may
be accomplished by the use of aliquid suspension of crystalline or amorphous material with poor
water solubility. Therate of absorption of the drug then depends upon its rate of dissolution
which, in turn, may depend upon crystal size and crystalline form. Alternatively, delayed
absorption of aparenterally administered drug form is accomplished by dissolving or suspending
the drug in an oil vehicle. Injectable depot forms are made by forming microencapsule matrices
of the drug in biodegradable polymers such as polylactide-polyglycolide. Depending upon the
ratio of drug to polymer and the nature of the particular polymer employed, the rate of drug
release can be controlled. Examples of other biodegradable polymers include poly(orthoesters)
and poly(anhydrides). Depot injectable formulations are prepared by entrapping the drug in
liposomes or microemulsions which are compatible with body tissues.

[00335] Compositions for rectal or vaginal administration are typically suppositories
which can be prepared by mixing compositions with suitable non-irritating excipients such as
cocoa butter, polyethylene glycol or a suppository wax which are solid & ambient temperature
but liquid at body temperature and therefore melt in the rectum or vaginal cavity and release the
active ingredient.

[00336] Solid dosage forms for oral administration include capsules, tablets, pills,
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powders, and granules. In such solid dosage forms, an active ingredient is mixed with at least
one inert, pharmaceutically acceptable excipient such as sodium citrate or dicalcium phosphate
and/or fillers or extenders (eg. starches, lactose, sucrose, glucose, mannitol, and silicic acid),
binders (eg. carboxymethylcellulose, alginates, gelatin, polyvinylpyrrolidinone, sucrose, and
acacia), humectants (e.g. glyceral), disintegrating agents (e.g. agar, calcium carbonate, potato or
tapioca starch, aginic acid, certain silicates, and sodium carbonate), solution retarding agents
(e.g. paraffin), absorption accelerators (e.g. quaternary ammonium compounds), wetting agents
(eg. cetyl acohol and glycerol monostearate), absorbents (e.g. kaolin and bentonite clay), and
lubricants (e.g. talc, calcium stearate, magnesium stearate, solid polyethylene glycols, sodium
lauryl sulfate), and mixtures thereof. Inthe case of capsules, tablets and pills, the dosage form
may comprise buffering agents.

[00337] Solid compositions of asimilar type may be employed as fillers in soft and hard-
filled gelatin capsules using such excipients as lactose or milk sugar aswell as high molecular
weight polyethylene glycols and the like. Solid dosage forms of tablets, dragees, capsules, pills,
and granules can be prepared with coatings and shells such as enteric coatings and other coatings
well known in the pharmaceutical formulating art. They may optionally comprise opacifying
agents and can be of a composition that they release the active ingredient(s) only, or
preferentially, in acertain part of the intestinal tract, optionally, in adelayed manner. Examples
of embedding compositions which can be used include polymeric substances and waxes. Solid
compositions of asimilar type may be employed as fillers in soft and hard-filled gelatin capsules
using such excipients as lactose or milk sugar aswell as high molecular weight polyethylene
glycols and the like.

[00338] Dosage forms for topical and/or transdermal administration of a composition may
include ointments, pastes, creams, lotions, gels, powders, solutions, sprays, inhalants and/or
patches. Generaly, an active ingredient isadmixed under sterile conditions with a
pharmaceutically acceptable excipient and/or any needed preservatives and/or buffers as may be
required. Additionally, the present invention contemplates the use of transdermal patches, which
often have the added advantage of providing controlled delivery of a compound to the body.
Such dosage forms may be prepared, for example, by dissolving and/or dispensing the compound
in the proper medium. Alternatively or additionally, rate may be controlled by either providing a

rate controlling membrane and/or by dispersing the compound in apolymer matrix and/or gel.
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[00339] Suitable devices for use in delivering intradermal pharmaceutical compositions
described herein include short needle devices. Intradermal compositions may be administered by
devices which limit the effective penetration length of aneedle into the skin and functional
equivalents thereof. Jet injection devices which deliver liquid compositions to the dermisviaa
liquidjet injector and/or via a needle which pierces the stratum corneum and produces ajet
which reaches the dermis are suitable. Ballistic powder/particle delivery devices which use
compressed gas to accelerate vaccine in powder form through the outer layers of the skinto the
dermis are suitable. Alternatively or additionally, conventional syringes may beused in the
classical mantoux method of intradermal administration.

[00340] Formulations suitable for topical administration include, but are not limited to,
liquid and/or semi liquid preparations such as liniments, lotions, oil in water and/or water in il
emulsions such as creams, ointments and/or pastes, and/or solutions and/or suspensions.
Topically-administrable formulations may, for example, comprise from about 1% to about 10%
(w/w) active ingredient, although the concentration of active ingredient may be as high asthe
solubility limit of the active ingredient in the solvent. Formulations for topical administration
may further comprise one or more of the additional ingredients described herein.

[00341] A pharmaceutical composition may be prepared, packaged, and/or sold in a
formulation suitable for pulmonary administration via the buccal cavity. Such aformulation may
comprise dry particles which comprise the active ingredient and which have adiameter in the
range from about 0.5 nm to about 7 nm or from about 1nm to about 6 nm. Such compositions
are conveniently in the form of dry powders for administration using a device comprising adry
powder reservoir to which a stream of propellant may be directed to disperse the powder and/or
using a self-propelling solvent/powder dispensing container such as a device comprising the
active ingredient dissolved and/or suspended in alow-boiling propellant in a sealed container.
Such powders comprise particles wherein at least 98% of the particles by weight have a diameter
greater than 0.5 nm and at least 95% of the particles by number have a diameter less than 7 nm.
Alternatively, at least 95% of the particles by weight have a diameter greater than 1nm and at
least 90% of the particles by number have a diameter lessthan 6 nm. Dry powder compositions
may include a solid fine powder diluent such as sugar and are conveniently provided in aunit
dose form.

[00342] Low boiling propellants generally include liquid propellants having aboiling
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point of below 65 °F at atmospheric pressure. Generally the propellant may constitute 50% to
99.9% (w/w) of the composition, and active ingredient may constitute 0.1% to 20%> (w/w) of the
composition. A propellant may further comprise additional ingredients such as aliquid non-
ionic and/or solid anionic surfactant and/or a solid diluent (which may have aparticle size of the
same order asparticles comprising the active ingredient).

[00343] Pharmaceutical compositions formulated for pulmonary delivery may provide an
active ingredient in the form of droplets of a solution and/or suspension. Such formulations may
be prepared, packaged, and/or sold as aqueous and/or dilute alcoholic solutions and/or
suspensions, optionaly sterile, comprising active ingredient, and may conveniently be
administered using any nebulization and/or atomization device. Such formulations may further
comprise one or more additional ingredients including, but not limited to, aflavoring agent such
as saccharin sodium, avolatile oil, abuffering agent, a surface active agent, and/or apreservative
such as methylhydroxybenzoate. Droplets provided by this route of administration may have an
average diameter in the range from about 0.1nm to about 200 nm.

[00344] Formulations described herein asbeing useful for pulmonary delivery are useful
for intranasal delivery of apharmaceutical composition. Another formulation suitable for
intranasal administration is a coarse powder comprising the active ingredient and having an
average particle from about 0.2 pun to 500 win. Such aformulation isadministered in the
manner in which snuff istaken, i.e. by rapid inhalation through the nasal passage from a
container of the powder held close to the nose.

[00345] Formulations suitable for nasal administration may, for example, comprise from
about as little as 0.1% (w/w) and asmuch as 100% (w/w) of active ingredient, and may comprise
one or more of the additional ingredients described herein. A pharmaceutical composition may
be prepared, packaged, and/or sold in aformulation suitable for buccal administration. Such
formulations may, for example, bein the form of tablets and/or lozenges made using
conventional methods, and may, for example, 0.1% to 20% (w/w) active ingredient, the balance
comprising an orally dissolvable and/or degradable composition and, optionally, one or more of
the additional ingredients described herein. Alternately, formulations suitable for buccal
administration may comprise apowder and/or an aerosolized and/or atomized solution and/or
suspension comprising active ingredient. Such powdered, aerosolized, and/or aerosolized

formulations, when dispersed, may have an average particle and/or droplet size in the range from
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about 0.1 nm to about 200 nm, and may further comprise one or more of any additional
ingredients described herein.

[00346] A pharmaceutical composition may be prepared, packaged, and/or sold in a
formulation suitable for ophthalmic administration. Such formulations may, for example, bein
the form of eye drops including, for example, a 0.1/1.0% (w/w) solution and/or suspension of the
active ingredient in an aqueous or oily liquid excipient. Such drops may further comprise
buffering agents, salts, and/or one or more other of any additional ingredients described herein.
Other opthalmically-administrable formulations which are useful include those which comprise
the active ingredient in microcrystalline form and/or in aliposomal preparation. Ear drops
and/or eye drops are contemplated as being within the scope of this invention.

[00347] Genera considerations in the formulation and/or manufacture of pharmaceutical
agents may be found, for example, in Remington: The Science and Practice d Pharmacy 2 1t
ed., Lippincott Williams & Wilkins, 2005 (incorporated herein by reference).

Administration

[00348] The present invention provides methods comprising administering compositions
of supercharged proteins associated with functional effector proteins to a subject in need thereof.
In some embodiments, methods of administering compositions comprising other functional
effector proteins {e.g., a Cas9 protein) and cationic lipid and/or cationic polymers are provided.
Such compositions may be administered to a subject using any amount and any route of
administration effective for preventing, treating, diagnosing, or imaging a disease, disorder,
and/or condition. The exact amount required will vary from subject to subject, depending on the
species, age, and general condition of the subject, the severity of the disease, the particular
composition, its mode of administration, its mode of activity, and the like. Compositionsin
accordance with the invention are typically formulated in dosage unit form for ease of
administration and uniformity of dosage. It will be understood, however, that the total daily
usage of the compositions of the present invention will be decided by the attending physician
within the scope of sound medical judgment. The specific therapeutically effective,
prophylactially effective, or appropriate imaging dose level for any particular patient will depend
upon avariety of factors including the disorder being treated and the severity of the disorder; the

activity of the specific compound employed; the specific composition employed; the age, body
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weight, general health, sex and diet of the patient; the time of administration, route of
administration, and rate of excretion of the specific compound employed; the duration of the
treatment; drugs used in combination or coincidental with the specific compound employed; and
like factors well known in the medical arts.

[00349] Compositions of supercharged proteins associated with functional effector
proteins to be delivered aswell as compositions comprising e.g., a Cas9 protein and cationic
lipid may be administered by any route. In some embodiments, such compositions are
administered by one or more of avariety of routes, including oral, intravenous, intramuscular,
intra-arterial, intramedullary, intrathecal, subcutaneous, intraventricular, transdermal,
interdermal, rectal, intravaginal, intraperitoneal, topica {e.g., by powders, ointments, creams,
gels, lotions, and/or drops), mucosal, nasal, buccal, enteral, vitreal, intratumoral, sublingual; by
intratracheal ingtillation, bronchial instillation, and/or inhalation; as an oral spray, nasa spray,
and/or aerosol, and/or through aportal vein catheter. In some embodiments, supercharged
proteins or complexes, and/or pharmaceutical, prophylactic, diagnostic, or imaging compositions
thereof, are administered by systemic intravenous injection. In specific embodiments,
supercharged proteins or complexes and/or pharmaceutical, prophylactic, diagnostic, or imaging
compositions thereof may be administered intravenously and/or orally. In specific embodiments,
such compositions may be administered in away which allows the functional effector protein to
cross the blood-brain barrier, vascular barrier, or other epithelial barrier.

[00350] In certain embodiments, compositions in accordance with the invention may be
administered at dosage levels sufficient to deliver an amount of functional effector protein of
from about 0.0001 mg/kg to about 100 mg/kg, from about 0.01 mg/kg to about 50 mg/kg, from
about 0.1 mg/kg to about 40 mg/kg, from about 0.5 mg/kg to about 30 mg/kg, from about 0.01
mg/kg to about 10 mg/kg, from about 0.1 mg/kg to about 10 mg/kg, or from about 1 mg/kg to
about 25 mg/kg, of subject body weight per day, one or more times a day, to obtain the desired
therapeutic, diagnostic, prophylactic, or imaging effect. The desired dosage may be delivered
three times a day, two times a day, once aday, every other day, every third day, every week,
every two weeks, every three weeks, or every four weeks. In certain embodiments, the desired
dosage may be delivered using multiple administrations {e.g., two, three, four, five, six, seven,
eight, nine, ten, eleven, twelve, thirteen, fourteen, or more administrations).

[00351] Compositions comprising supercharged proteins associated with functional
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effector proteins may be administered in combination with one or more other therapeutic,
prophylactic, diagnostic, or imaging agents. By "in combination with," it isnot intended to
imply that the agents must be administered at the same time and/or formulated for delivery
together, although these methods of delivery are within the scope of the invention. Compositions
can be administered concurrently with, prior to, or subsequent to, one or more other desired
therapeutics or medical procedures. In general, each agent will be administered a a dose and/or
on atime schedule determined for that agent. In some embodiments, the invention encompasses
the delivery of pharmaceutical, prophylactic, diagnostic, or imaging compositions in
combination with agents that may improve their bioavailability, reduce and/or modify their

metabolism, inhibit their excretion, and/or modify their distribution within the body.

Kits

[00352] The invention provides avariety of kits for conveniently and/or effectively
carrying out methods of the present invention. Typically kits will comprise sufficient amounts
and/or numbers of components to allow auser to perform multiple treatments of a subject(s)
and/or to perform multiple experiments. In some embodiments, kits comprise one or more of (i)
a supercharged protein, as described herein; (ii) afunctional effector protein to be delivered; (ii)
acationic lipid and/or cationic polymer; and (iv) instructions for formulating a composition
comprising the functional protein associated to the supercharged protein. In some embodiments,
the kits comprise a Cas9 protein and a cationic lipid. In some embodiments, kits comprise a
nucleic acid encoding for the supercharged protein and/or the functional protein to be delivered.
In some embodiments, the kit comprises a cloning vector encoding a supercharged protein and a
cloning site allowing the in-frame cloning of afunctional effector protein to generate afusion
protein. In some embodiments, kits comprise a pharmaceutical composition provided herein
comprising a supercharged protein associated with afunctional effector protein; a syringe,
needle, or applicator for administration of the pharmaceutical composition to a subject; and

instructions for administration of the pharmaceutical composition to the subject.
[00353] These and other aspects of the present invention will be further appreciated upon

consideration of the following Examples, which are intended to illustrate certain particular

embodiments of the invention but are not intended to limit its scope, as defined by the claims.
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EXAMPLES
Example 1: Deliveryd TALE Activatorsfused to supercharged GFP
[00354] A major target for reprogramming fibroblast cell fate towards brown or white
adipocyte cell fate lies in the switch from White Adipose Tissue (WAT) to Brown Adipose
Tissue (BAT), which is governed by expression of PRDM16 and PPARy. Robust TALE
transcriptional activators fused to a+36 GFP were engineered that target PPARy and PRDM 16
genomic sequences in fibroblasts. Fusion proteins were purified using a heparin column and/or
an SEC and gels show asingle band a 130 kD The modulation of expression and effect on
cellular phenotype after delivery of the TALE activators was compared to the modulation after
viral delivery of aPPARy cDNA followed by 7-day treastment with adipogenesis cocktail. It was
observed that adipocytes formed upon treatment with +36 GFP TALEPRDM16 fusion.
Expression of white adipose tissue marker genes was detected after delivery of supercharged
PRDM16 TALE activators.
[00355] A one-time supercharged protein-mediated delivery of a TALE activator for
PPARy was found to induce expression of white-fat genes and to differentiate fibroblasts into
white-fat cells. Supercharged protein-mediated delivery of both a PPARy and PRDM16 TALE
activator induced the differentiation of fat cells with increased expression of brown-fat markers
such as PRDM 16, cox8b, elovl3, and cidea aswell as a small increase in thermogenic gene
expression markers PGCla and UCPL.
[00356] An Aurein peptide was fused to the N-terminus of the +36GFP-TALE-activator
fusion protein. Delivery of Aurein +36 GFP TALE purified by heparin column was observed by
detecting fluorescence in nucleus of the treated cells.
[00357] Figure 1 shows a schematic of macromolecular delivery into mammalian cells.
Figure 2 shows an overview of the switch from White Adipose Tissue (WAT) to Brown Adipose
Tissue (BAT). Figure 3 shows a schematic of supercharged delivery platforms to deliver TALE
activators programmed to target PPARy or PRDM16. Figure 4 shows a schematic of afusion
protein comprising a+36 GFP fusion, an 18.5 mer TALE domain, and aVP64 activation
domain. Figure 5 shows expression and purification of the +36 GFP-TALE activator-fusion
protein. Figure 6 shows testing assays for activation of fat cell regulator genes upon delivery of
+36 GFP PPARy and PRDM16 TALE activator fusion proteins.
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[00358] Figure 7 shows delivery efficacy of +36 GFP TALE activator fusion proteins at
different concentrations. Figure 8 shows a comparison of delivery efficacy of two different +36
GFP-PRDM 16 TALE fusion proteins in NIH 3T3 cells. Figure 9 shows PPARYy gene expression
after delivery of PPARy-TALE activator fusion and comparison to various controls. Figure 10
shows PRDM 16 gene expression after delivery of RDM16-TALE activator fusion and
comparison to various controls. Figure 11 shows moderate TALE activity observed in the
presence of serum.

[00359] Figure 12 shows avalidation of vira delivery of PPARy followed by 7-day
treatment with adipogenesis cocktail. Figure 13 shows a schematic of an assay for programming
fibroblasts into WAT and BAT. Figure 14 shows adipocyte formation observed upon treatment
with +36 GFP TALE activator fusion protein. Figure 15 shows staining of various treatments
after 7 days with LipidTOX red, demonstrating formation of adipocytes after viral delivery as
well as after delivery of supercharged PPARy TALE activator fusion protein. Figure 16 shows
staining of cells after various treatments after 7 days with LipidTOX red, demonstrating
formation of adipocytes after viral delivery aswell as after delivery of supercharged PPARY
TALE activator fusion protein. Figure 17 shows expression of WAT biomarker genes after vira

delivery aswell as after delivery of supercharged PPARy TALE activator fusion protein.

Example 2: Invivo delivery d TALE Activatorsfused to supercharged GFP

[00360] NIH 3T3 cells were grown to 70-90% confluence and treated with 1 uM or
between 0.5-5 uM of +36 GFP PPARy TALE and/or +36 GFP PRDM 16 TALE fusion protein in
DMEM without serum. A serum-free medium was chosen, because serum can decrease the
effectiveness of protein-based delivery. Cells were incubated with the respective fusion protein
solution for 4 hours before the media was removed and full DMEM containing serum was added
back to cells. Control cells were infected with avira construct encoding PPARy or PRDM16 in
order to serve as apositive control for expression of WAT and BAT genes according to known
protocols (see, e.g., Seale et al. 2008 Nature 454, 961-967, the entire contents of which are
incorporated herein by reference). Once all cells reached 100% confluence an adipogenesis
cocktail containing isobutylmethylxanthine, insulin, rosiglitazone, dexamethosone, T3, and
indomethacin was added to the cells and replaced 48 hours later with aform of the cocktail

containing only insulin, T3, and rosiglitazone. At 48 hours after this second replacement of
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cocktail another dosage of T3, insulin, and rosiglitazone was added to the cells. The next day,
which isnow one week from the start of the experiment, cells were harvested with TRIzol, total
RNA was extracted, and gRT-PCR was performed to measure gene expression levels of PPARYy,
PRDM 16, and other brown fat marker genes such as UCPL, PGCla, Elovl3, and Cidea.

[00361] Figure 18 shows delivery of supercharged PRDM16 TALE activator fusion
proteins to induce brown-fat adipocytes in vivo. Robust adipocyte formation was observed after
vira delivery of PPARy and PRDM 16 and also after delivery of supercharged TALE activator
protein fusions. Figure 19 shows a comparison of supercharged (TALE) and vira delivery of
PPARy and PRDM16 to cells. The figure shows TALE/TALE, vira/TALE, and viral/viral-
induced expression of brown fat markers by expression of PPARy and PRDM16. Figure 20
shows RT-gPCR assessments consistent with fat cell differentiation, which were also observed
by LipidTOX staining.

Example 3: Delivery d TALE Activators complexed with supercharged GFP

[00362] In order to improve delivery efficacy, protein complexes in which the functional
protein was non-covalently associated with the supercharged protein were generated and
administered to cells. Figure 21. showsthat delivery of functional TALE activator fusion
proteins as complexes with +36 GFP improves TALE activator activity after delivery. Figure 22
shows PRDM16 gene expression after TALE activator fusion delivery either as afusion
(+36GFP PRDM 16 TALE-3) or acomplex (+36GFP + PRDM16 TALE-3) with +36GFP. It was
observed that delivery of complexes tended to increase TALE activator activity.

Example 4: Effect d Aureinfusions on delivery efficacy

[00363] Figure 23 shows the effect of an N-terminal Aurein peptide fusion to +36GFP on
PRDM 16 gene expression after TALE activator fusion delivery (either as afusion or a complex
with +36GFP). The Aurein peptide was fused to the N-terminus of the GFP-TALE construct via
aGGS(9) (SEQ ID NO: 252) linker, resulting in an Aurein peptide-GGS(9) linker-(+)36 GFP
protein-GGS(9) linker -PRDM16 TALE-3 fusion protein. The protein was purified using size
exclusion chromatography.
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Example 5: Delivery d TALE Activators complexed with supercharged GFP or cationic lipids
[00364] Figure 24 shows PRDM 16 gene expression after TALE PRDM16 activator
protein delivery either as afusion with +36 GFP (+36GFP PRDM 16 TALE-3), acomplex with
+36 GFP (+36GFP + PRDM16 TALE-3), or acomplex with Lipofectamine LTX, for which an

increase in gene expression was observed.

Example 6: Delivery d CasOfused to supercharged GFP

[00365] Supercharged delivery of Cas9 into mammalian cells would allow the application
of powerful RNA-programmable nuclease technology in cells without the drawbacks of prior
delivery methods. To this end, a Cas9 fusion with +36GFP was generated, using an ALAL
linker. Figure 25 shows a schematic of the supercharged fusion protein with Cas9. Figure 26
shows the purification of wild-type Cas9 protein and Cas9 fusion proteins with +36GFP and
Aurein-GGS9. The fusion protein is administered to cells in the same manner asthe TALE
activator fusion proteins above. The Cas9, once delivered to the cells, binds and cleaves its
target site in the cellular genome. Nuclease activity in the target cells is detected via a suitable
assay, e.g., via southern blot or sequencing assay.

Example 7: Efficient Delivery d Genome Editing Proteins In Vitro and In Vivo

[00366] Efficient intracellular delivery of proteins to the nucleus or cytoplasm isneeded to
fully realize the potential of protein therapeutics including genome-editing agents. Current
methods of protein delivery often suffer from low tolerance for serum proteins, poor endosomal
escape, and limited in vivo efficacy. Asdemonstrated in this Example, common cationic lipid
reagents originally developed for nucleic acid transfection can potently deliver proteins that are
fused to negatively supercharged proteins, that contain natural anionic domains, or that natively
bind to anionic nucleic acids. This approach mediates the functional delivery of Cre
recombinase, TALE- and Cas9-based transcriptional activators, and Cas9:sgRNA nuclease
complexes into cultured human cells a low nanomolar concentrations in media containing 10%
serum. Lipid-based delivery can be > 1,000-fold more potent than cationic protein delivery
strategies. Delivery of Cas9:sgRNA complexes resulted in genome modification efficiencies as
high as 80% with substantially higher specificity compared to standard DNA transfection, likely
due to the transient nature of delivered Cas9:sgRNA complexes. This approach also mediated
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efficient delivery of Cre recombinase and Cas9:sgRNA complexes into the mouse inner ear in
vivo, achieving up to 90% Cre-mediated recombination and 20% Cas9-mediated genome
modification in the targeted hair-cell population.

Example 8: Delivery d biotinylated proteins to cells.

[00367] Efficient intracellular delivery of proteins to the nucleus or cytoplasm is effected
by providing aprotein to be delivered in abiotinylated form, complexing it with anegatively
supercharged streptavidin (-40SAV), contacting the resulting negatively charged protein
complex with acationic lipid, and contacting cells with the resulting composition. Methods for
generating complexes of biotinylated proteins to be delivered and anionic carriers, e.g., a
negatively supercharged streptavidin or anegatively charged protein conjugated to streptavidin
areillustrated in Figure 49. A protein to be delivered, for example, a genome-editing protein, is
associated to biotin via a linker, for example using click chemistry, NHS ester chemistry, or
maleimide chemistry. The linker comprises a cleavage site that is cleaved by an endosomal
protease present in endosomes of the cell into which the protein isto be delivered. The
biotinylated form of the protein to be delivered is conjugated to a supernegatively charged
streptavidin variant, for example, to a supernegatively charged streptavidin variant disclosed in
International Application international PCT application PCT/US09/041984, filed on April 28,
2009, published as WO 2009/134808 on November 5, 2009, the entire contents of which are
incorporated herein by reference. The biotinylated protein associated with the supernegatively
charged streptavidin is contacted with a cationic lipid, e.g., with Lipofectamine®, and the
resulting composition is contacted with the cells into which the protein isto be delivered. The
composition isused a a concentration a which the cells exhibit less than 5% mortality 24 hours
after being contacted with the composition. The protein to be delivered is subsequently observed
in a least 10% of the target cells..

Materials and M ethods

Construction of Cas9, Cre, and TALE fusion and sgRNA expression plasmids.

[00368] Sequences of al constructs used in this paper are listed below or provided
elsewhere in the specification. All protein constructs were generated from previously reported
plasmids for protein of interest cloned into a pET29a expression plasmid.
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Expression and purification of S. pyogenes Cas9 and other proteins.

[00369] E. coli BL21 STAR (DE3) competent cells (Life Technologies) were transformed
with pMJ80647 encoding the S. pyogenes Cas9 fused to an N-terminal |OxHis-tag/maltose
binding protein. The resulting expression strain was inoculated in Luria-Bertani (LB) broth
containing 100 pg/mL of ampicillin a 37 °C overnight. The cells were diluted 1:100 into the
same growth medium and grown & 37 °C to OD,0= -0.6. The culture was incubated a 20 °C
for 30 min, and isopropyl B-D-I- thiogalactopyranoside (IPTG) was added a 0.5 mM to induce
Cas9 expression. After approximately 16 hours, the cells were collected by centrifugation at
8,000 g and resuspended in lysis buffer (50 mM tris(hydroxymethyl)-aminomethane (Tris)-HCI,
pH 8.0, 1M NaCl, 20 % glycerol, 10 mM tris(2-carboxyethyl)phosphine (TCEP)). The cells
were lysed by sonication (1 sec pulse-on, 1 sec pulse-off for 15 minutes total at 6 W output) and
the soluble lysate was obtained by centrifugation a 20,000 g for 30 minutes.

[00370] The cell lysate was incubated with His-Pur nickel-nitriloacetic acid (nickel-NTA)
resin (Thermo Scientific) at 4 °C for 30 minutes to capture His-tagged Cas9. The resin was
transferred to a20-mL column and washed with 20 column volumes of lysis buffer. Cas9 was
eluted in 50 MM Tris-HCI (pH 8), 0.1 M NaCl, 20 % glycerol, 10 mM TCEP, and 300 mM
imidazole, and concentrated by Amicon ultra centrifugal filter (Millipore, 100-kDa molecular
weight cut-off) to ~50 mg/mL. The 6xHis tag and maltose-binding protein were removed by
TEV protease treatment a 4 °C for 20 hours and captured by a second Ni-affinity purification
step. The eluent, containing Cas9, was injected into aHiTrap SP HP column (GE Healthcare) in
purification buffer containing 50 mM Tris-HCI (pH 8), 0.1 M NaCl, 20 % glycerol, and 10 mM
TCEP. Cas9 was eluted with purification buffer containing alinear NaCl gradient from 0.1 M to
1M over five column volumes. The eluted fractions containing Cas9 were concentrated down to
a concentration of 200 uM as quantified by Bicinchoninic acid assay (BCA) (Pierce
Biotechnology), snap-frozen in liquid nitrogen, and stored in aliquots at -80 °C. All other
proteins were purified by this method but without TEV cleavage step and proteins containing (-
30) GFP were purified by anion exchange using aHi-Trap Q HP anion exchange column (GE

Healthcare) using the same purification protocol.
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I n vitro transcription of sgRNAs.

[00371] Linear DNA fragments containing the T7 promoter binding site followed by the
20-bp sgRNA target sequence were transcribed in vitro using the T7 High Yield RNA Synthesis
Kit (NEB) according to the manufacturer's instructions. I n vitro transcribed RNA was
precipitated with ethanol and purified by gel electrophoresis on a Criterion 10% polyacrylamide
TBE-Urea gel (Bio-Rad). Excised gel fragments were extracted in 420 uL. of 300 mM NaCl
overnight on arocking surface a 4 °C. Gel-purified sSgRNA was precipitated with ethanol and
redissolved in water and sgRNA concentration was finally quantified by UV absorbance and
snap-frozen at -80 °C.

Plasmid transfection.

[00372] Plasmid DNA was transfected using Lipofectamine 2000 (Life Technologies)
according the manufacturer's protocol. For TALE activator plasmids, 300 ng of DNA was
transfected, and for the activator synergy experiments 60 ng of each of five plasmids was pooled
and transfected. For Cas9 nuclease delivery experiments, linear DNA PCR products expressing
sgRNAswere used in transfection experiments targeting genomic sitesin CLTA, EMX, VEGF,
and GFP (sgRNA GFP gl, GFP g3, GFP g5, and GFP g7 for nickase studies). Linear DNA PCR
products were generated using plasmid containing the U6 promoter as template and forward
primers bearing the U6 promoter upstream sequence and reverse primers containing U6
downstream sequence followed by the sgRNA sequence (20-bp sequence unique to each target
plus constant sgRNA backbone architecture sequence). sgRNAS expressed from linear DNA
templates contained at least two 5' guanosines to match in vitro transcribed sgRNAs that
required these bases for T7 transcription. Primer sequences and PCR conditions are listed below.
For dCas9 activator experiments, 700 ng of Cas9 or dCas9-V P64 plasmid DNA was co-
transfected with 250 ng of the appropriate sgRNA expression plasmid. For activator synergy
experiments 50 ng of DNA from each of the six sgRNA was pooled and co-transfected with 700
ng of dCas9-V P64 plasmid.

Delivery of transcription factor proteins complexed with cationic lipidsin cell culture.
[00373] A more in-depth description of the delivery of genome-editing proteins both in
vitro and in vivo can be found below. Briefly, cultured cells were plated in 48-well format (250
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uL volume) in Dulbecco's Modified Eagle's Media plus GlutaMAX (Life Technologies,
Carlsbad, CA) with 10% FBS ("full serum media') and antibiotics a a cell density necessary to
reach -70% confluence the next day. Full serum media was replaced with the same media but
containing no antibiotics one hour before delivery. Delivery of Cre and TALE proteins was
performed by combining 1nM to 1 pM protein (in 275 uL final volume) with 0.2-2.5 pi. of
commercially available cationic lipidsin 25 pi. OPTIMEM media (Life Technologies, Carlsbad,
CA) according to the manufacturer's protocol for normal plasmid transfection, including
incubation time. For Cas9 delivery in vitro, transcribed sgRNA was incubated with Cas9 protein
for 5 min before complexing with the cationic lipid reagent. 25 pi. lipid complexes in
OPTIMEM media were added to cells and media was replaced 12-16 hours later fresh media
unless otherwise noted. Cells were assayed for recombination 48 hours after delivery, for gene
activation either 4 (TALE) or 12-16 hours (dCas9-VP64) after delivery, and for gene
modification (Cas9) 48 and 72 hours after delivery.

T7 endonuclease | assay to detect genomic modifications.

[00374] U20S-EGFP cells or HEK293T cells were transfected with Cas9 expression and
sgRNA expression plasmids or linear DNA PCR products as described above or treated with
only Cas9 protein, only in vitro transcribed sgRNA, or only RNAIMAX. Genomic DNA was
isolated from cells 2 days after transfection using the DNAdvance Kit (Agencourt) following the
manufacturer's instructions. 200 ng of genomic DNA was used as template in PCR reactions to
amplify the targeted genomic loci with flanking survey primer pairs specified below. PCR
products were purified with a QIAquick PCR Purification Kit (Qiagen) and quantified with
Quant-iT™ PicoGreen ® dsDNA Kit (Life Technologies). 250ng of purified PCR DNA was
combined with 2 pi_ of NEBuffer 2 (NEB) in atotal volume of 19 pi. and denatured then re-
annealed with thermocycling a 95 °C for 5 minutes, 95t0 85 °C a 2 °C/s; 85t0 20 °C at 0.2

°Cls. The re-annealed DNA was incubated with 1 pi of T7 Endonuclease | (10 U/ul, NEB) at 37
°C for 15 minutes. 10 pi. of 50 %> glycerol was added to the T7 Endonuclease reaction and 12 pi.
was analyzed on a5 % TBE 18-well Criterion PAGE gel (Bio-Rad) electrophoresed for 30
minutes a 200 V, then stained with I x SYBR Gold (Life Technologies) for 30 min. Cas9-
induced cleavage bands and the uncleaved band were visualized on an Alphamager HP (Alpha
Innotech) and quantified using ImageJ software>. The peak intensities of the cleaved bands were

141



WO 2016/070129 PCT/US2015/058479

divided by the total intensity of all bands (uncleaved + cleaved bands) to determine the fraction
cleaved which was used to estimate gene modification levels as previously described.4¢ For each
sample, transfections and subsequent modification measurements were performed in triplicate on

different days.

Stem cell culture and delivery.

[00375] Mouse embryonic stem cell (ES) line Tau-GFP containing a permanent GFP gene
insertion was cultured in DMEM with 15% FBS (Gibco), 100 MM MEM nonessential amino
acids (Gibco), 0.55 mM 2-mercaptoethanol (Sigma), and leukemia inhibitory factor (1,000
units/ml; Chemicon). After 5 days floating spheres were formed that exhibited GFP fluorescence.
Complexes of Cas9:sgRNA and RNAIMAX were added to the culture containing the floating
spheres for 16 hours. After Cas9:sgRNA treatment, the cells were cultured in the above media
for 3 days. The floating spheres were treated with trypsin for 5 minutes then passed through a 70
win filter to collect single cells. The cells were cultured on laminin-coated slidesin DMEM/F12
(1:1) supplemented with 1xN2, IxB27, penicillin-streptomycin (100 pg/mL; Life Technologies)
and 10% FBS for two days before labeling. Immunohistochemistry was performed using an anti-
GFP antibody (#ab 13970, Abeam) to assess GFP expression. To quantify the number of GFP-
negative cells, we counted the total number of GFP-positive and GFP-negative cells from three
representative visual fields at 20X magnification, and calculated the average efficiency. Three

independent experiments were performed for each condition.

Microinjection of proteins to mouse inner ear.

[00376] PO floxP-tdTomato mice (The Jackson Laboratory) were used for (-30)GFP-Cre
injection and P2 Atohl-GFP mice (courtesy of Dr. J. Johnson, Southwestern Medical Center,
University of Texas) were used for Cas9:sgRNA injection. Animals were used under protocols
approved by the Massachusetts Eye & Ear Infirmary (IACUC) committee. Mice were
anesthetized by lowering their temperature on ice. Cochleostomies were performed by making an
incision behind the ear to expose the cochlea. Glass micropipettes held by a micromanipulator
were used to deliver the complex into the scalamedia, which allows access to inner ear hair

cells. For delivery of (-30)GFP-Cre, 3 uL of 45 uM protein was mixed with 3 pi_ of either
RNAIMAX or Lipofectamine 2000 and incubated a room temperature for 30 minutes prior to
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injection. Four mice were injected per treatment group. For delivery of Cas9:sgRNA complexes,
1L of 200 uM Cas9 protein was mixed with 2 uLL of 100 uM sgRNA and incubated for 5
minutes a room temperature before mixing with 3 uL of either RNAIMAX or Lipofectamine
2000 and incubating for an additional 30 minutes prior to injection. Three mice were injected per
treatment group. Thetotal delivery volume for every injection was 0.3 uL per cochlea and the

release was controlled by amicromanipulator at the speed of 3 nL/sec.

Immunohistochemistry and quantification.

[00377] 5-10 days after injection, the mice were sacrificed and cochlea were harvested by
standard protocols. s For immunohistochemistry, antibodies against hair-cell markers (Myo7a
and Esp) and supporting cells (Sox2) were used following apreviously described protocol.>® To
guantify the number of tdTomato positive cells after (-30)GFP-Cre or GFP negative cells after
Cas9: sgRNA delivery, we counted the total number of outer hair cellsin aregion spanning 200
win around the site of injection in the base turn of the cochlea. The efficiency of (-30)GFP-Cre-
induced recombination or Cas9:sgRNA-induced genome modification was calculated as the
percentage of outer hair cells that expressed tdTomato or that lost GFP expression.

High-throughput DNA sequencing of genome modifications.

[00378] HEK?293T cells were either transfected with Cas9 and sgRNA expression
plasmids or linear DNA PCR products or treated with 50 nM Cas9 protein, 125 nM or 250 nM
purified sgRNA, and cationic lipids as described earlier for Cas9 protein delivery to U20S-
EGFP reporter cells. For plasmid-based transfection experiments, 700 ng of Cas9 expression
plasmid plus 250 ng of sgRNA plasmid or 50 ng of alinear DNA PCR product expressing
sgRNA for targeting either the EMX1, CLTA2, or VEGF locus were transfected with
Lipofectamine 2000 (Life Technologies) and cells were isolated 2 days later. For protein delivery
experiments in vivo, -30 mg of mouse tissue was isolated as previously describedss from
anesthetized mice and genomic DNA was extracted using the Agencourt DNAAdvance Genomic
DNA Isolation Kit (Beckman Coulter). For cell culture experiments genomic DNA was isolated
as described above. 150 ng of genomic DNA was used astemplate to amplify by PCR the on-
target and off-target genomic sites with flanking HTS primer pairs specified below. Relative
amounts of crude PCR products were quantified by gel electrophoresis and samples treated with
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different sgRNA pairs or Cas9 nuclease types were separately pooled in equimolar
concentrations before purification with the QIAquick PCR Purification Kit (Qiagen).
Approximately 150 ng of pooled DNA was electrophoresed using a 5% TBE 18-well Criterion
PAGE gd (BioRad) for 30 min a 200 V and DNAs -125 bp to -300 bp in length were isolated
and purified by QIAquick PCR Purification Kit (Qiagen). Purified DNA was amplified by PCR
with primers containing sequencing adapters, purified, and sequenced on aMiSeq high-
throughput DNA sequencer (Illumina) as previously described.4

Quantification of Cas9 protein uptake.

[00379] We used Alexa Fluor 647 C2 Maleimide (Life Technologies) to fluorescently
label Cas9 protein on surface cysteines. A 10 mM stock solution of Alexa 647 was prepared in
anhydrous DM SO (Sigma). In a0.4 mL reaction, 10 nmol of purified Cas9 protein and 200 nmol
of Alexa 647 maleimide were combined in buffer conditions used for Cas9 protein storage. The
labeling reaction was incubated at 4° C for 16 hours. At the end of the reaction, excess
unconjugated Alexa 647 was removed by re-purifying the labeled Cas9 protein by cation
exchange chromatography as described above. To measure the amount of protein delivered into
treated cells, 20,000 cells were plated in the wells of a48-well plate 1day prior to treatment. On
the day of treatment, 50 nM of Alexa 647-labeled Cas9 (Cas9-Alexa 647) and 50 nM of EGFP
SgRNA were prepared for delivery using 0.8 uL of Lipofectamine 2000 as described above, and
applied to the cells. After 4 hours, Cas9-Alexa 647: sSgRNA Lipofectamine-containing media was
removed, and cells were washed three times with 500 uL. of PBS containing 20 U/mL heparin.
The cells were trypsinized and prepared for counting and flow cytometry as described above.
Cas9-Alexa 647 uptake was measured by flow cytometry, while 10,000 cells of the treated
population were transferred to ablack, flat-bottomed, opague 96-well plate. Standard curves of
Cas9-Alexa 647 were prepared by complexing 50 pmol of the Cas9-Alexa 647 protein with
Lipofectamine 2000 exactly as described for Cas9-Alexa 647 delivery, followed by seria 2-fold
dilutions in DMEM with 10% FBS containing 10,000 U20S cells per well in the 96-well plate.
The effect of U20S cells or complexation with Lipofectamine 2000 on Alexa 647 fluorescence
was determined by preparing three additional Cas9-Alexa 647 standard curves: (i) with
Lipofectamine 2000 in media lacking U20S cells, (ii) without Lipofectamine 2000 in media
containing U20S cells, and (Hi) without Lipofectamine 2000 in media lacking U20S cells.
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Data Analysis
[00380] [llumina sequencing reads were filtered and parsed with scripts written in Unix

Bash as outlined below. Sample sizes for sequencing experiments were maximized (within

practical experimental considerations) to ensure greatest power to detect effects. Statistical

analyses for Cas9-modified genomic sites (Table 2) were performed as previously describeds6

with multiple comparison correction using the Bonferroni method.
[00381] All scripts (DNA Sequence-Processing Algorithms) were written in bash and

described in detail previougly. 16

[00382] The following is alist of upstream and downstream flanking sequences for each

genomic target site.

Target Site Downstream genomic sequence Upstream genomic sequence
GGCCTGCTTCGTGGCAATGC ACCTGGGCCAGGGAGGGAGG
EMX On (SEQ ID NO:119) (SEQ ID NO:120)
CTCACTTAGACTTTCTCTCC CTCGGAGTCTAGCTCCTGCA
EMX Offl (SEQ ID NO:121) (SEQ ID NO:122)
TGGCCCCAGTCTCTCTTCTA CAGCCTCTGAACAGCTCCCG
EMX Off2 (SEQ ID NO:123) (SEQ ID NO:124)
TGACTTGGCCTTTGTAGGAA GAGGCTACTGAAACATAAGT
EMX Off3 (SEQ ID NO:125) (SEQ ID NO:126)
TGCTACCTGTACATCTGCAC CATCAATGATTGGGCATTTC
EMX Off4 (SEQ ID NO:127) (SEQ ID NO:128)
ACTCCAGTCCCAAATATGTA ACTAGGGGGCGCTCGGCCAC
VEG_On (SEQ ID NO:129) (SEQ ID NO:130)
CTGAGTCAACTGTAAGCATT GGCCAGGTGCAGTGATTCAT
VEG Offl (SEQ ID NO:131) (SEQ ID NO:132)
TCGTGTCATCTTGTTTGTGC GGCAGAGCCCAGCGGACACT
VEG Off2 (SEQ ID NO:133) (SEQ ID NO:134)
CAAGGTGAGCCTGGGTCTGT ATCACTGCCCAAGAAGTGCA
VEG Off3 (SEQ ID NO:135) (SEQ ID NO:136)
TTGTAGGATGTTTAGCAGCA ACTTGCTCTCTTTAGAGAAC
VEG Off4 (SEQ ID NO:137) (SEQ ID NO:138)
CTCAAGCAGGCCCCGCTGGT TTTTGGACCAAACCTTTTTG
CLT2 On (SEQ ID NO:139) (SEQ ID NO:140)
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TGAGGTTATTTGTCCATTGT TAAGGGGAGTATTTACACCA
CLT2_Offl (SEQ ID NO: 141) (SEQ ID NO: 142)
TCAAGAGCAGAAAATGTGAC CTTGCAGGGACCTTCTGATT
CLT2 Of£2 (SEQ ID NO: 143) (SEQ ID NO: 144)
TGTGTGTAGGACTAAACTCT GATAGCAGTATGACCTTGGG
CLT2 OfG (SEQ 1D NO: 145) (SEQ ID NO: 146)
AGCGTGTCCGGCGAGGGCGA AGCGTGTCCGGCGAGGGCGA
EGFP (SEQ ID NO: 147) (SEQ ID NO: 148)
CAGAATCGGAGGACAAAATA ACGAAGCAGGCCAACGGGGAG
CAAAC GACA
MUsEMX (SEQ 1D NO: 149) (SEQ 1D NO: 150)

Primers used for generating PCR products to serve as substrates for T7 transcription of

sgRNAs.
[00383]

T7_gRNA-Rev was used in al cases. DNA template used was EGFP sgRNA

plasmid asnoted above. NTF3 and VEGF sgRNAs for dCas9-VP64 activator experiments were

reported previousy (Maeder etal., CRISPR RNA-guided activation of endogenous human

genes. Nat. Methods. 2013; 10, 977-979). The T2 sgRNA target was previously reported 11. All

oligonucleotides were purchased from Integrated DNA Technologies.
TAA TAC GAC TCA CTA TA GGGCACGGGCAGCTTGCCGG (SEQ

T7 EGFP-Fwd
ID NO:151)
T7-GFP g1-Fwd

GAAAGGACGAAACACC

T7-GFP g5-Fwd
T7-GFP g3-Fwd
T7-GFP g7-Fwd
T7-EMX-Fwd
T7-VEG-Fwd
T7-CLT2-Fwd
T7-T2 HDR-Fwd

T7_gRNA-Rev

TAA TAC GAC TCA CTA TA GGCCTCGAACTTC ACCTCGGCG

(SEQ ID NO: 152)

TAA TAC GAC TCA CTA TA GGCTGAAGGGCATCGACTTCA
GAAAGGACGAAACACC (SEQ ID NO: 153)
TAA TAC GAC TCA CTA TA GGCAGCTCGATGCGGTTCACCA
GAAAGGACGAAACACC (SEQ ID NO: 154)
TAA TAC GAC TCA CTA TA GGCAAGGAGGACGGCAACATCC
GAAAGGACGAAACACC (SEQ ID NO: 155)
TAA TAC GAC TCA CTA TA GGAGTCCGAGCAGAAGAAGAA
GAAAGGACGAAACACC (SEQ ID NO: 156)
TAA TAC GAC TCA CTA TA GGGGTGGGGGGAGTTTGCTCC
GAAAGGACGAAACACC (SEQ ID NO: 157)
TAA TAC GAC TCA CTA TA GGCAGATGTAGTGTTTCCACA
GAAAGGACGAAACACC (SEQ ID NO: 158)
TAA TAC GAC TCA CTA TA GGGGC CACTAGGGACAGGAT
GAAAGGACGAAACACC (SEQ ID NO:273)

AAAAAAAGCACCGACTCGGTG
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[00384] Sequence of single-stranded oligonucleotide donor template (sSODN) used in
HDR studies.
CGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCC
AGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTG
AAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAA
GGAGGACGGCAACATCCTGGGGCACAAGCTGG  (SEQ ID NO:274)

Primers for generating linear DNA PCR product for transfection.

[00385] PCR extension at (72 °C, 3 min) on plasmid containing U6 promoter astemplate

with PCR_sgRNA-fwdl, PCR_sgRNA-rev2 and appropriate PCR_SgRNA primers listed below.

[00386]

PCR gRNA-fwdl CTGTACAAAAAAGCAGGCTTTA(SEQ ID NO:160)

PCR_gRNA-rev2 AAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGG

ACTAGCCTTATTTTAACTTGCTATTTCTAGCTCTAAAAGSEQ ID NO: 161)

PCR-G-GFP1  GAAAGGACGAAACACC
GGCCTCGAACTTCACCTCGGCGGTTTTAGAGCTAGAAATAGCAASEQ ID NO: 162)

PCR-G-GFP3  GAAAGGACGAAACACC
GGCAGCTCGATGCGGTTCACCAGTTTTAGAGCTAGAAATAGCAASEQ 1D NO: 163)

PCR-G-GFP5 GAAAGGACGAAACACC
GGCTGAAGGGCATCGACTTCAGTTTTAGAGCTAGAAATAGCAASEQ 1D NO: 164)

PCR-G-GFP7 GAAAGGACGAAACACC
GGCAAGGAGGACGGCAACATCCGTTTTAGAGCTAGAAATAGCAASEQ ID
NO:165)

PCR-G-CLT2 GAAAGGACGAAACACC
GGCAGATGTAGTGTTTCCACAGTTTTAGAGCTAGAAATAGCAASEQ ID NO: 166)

PCR-G-EMX GAAAGGACGAAACACC
GGAGTCCGAGCAGAAGAAGAAGTTTTAGAGCTAGAAATAGCAASEQ ID NO: 167)

PCR-G-VEG GAAAGGACGAAACACC
GGGGTGGGGGGAGTTTGCTCCGTTTTAGAGCTAGAAATAGCAASEQ 1D NO: 168)

Primers for performing T7 endonuclease | DNA cleavage assay.
Survey_GFP-fwd TACGGC AAGCTGACCCTGAA (SEQ ID N0O:169)
Survey GFP-rev GTCCATGCCGAGAGTGATCC (SEQ ID NO:170)
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GCCAGGGGCTGTTATCTTGG (SEQ ID NO: 171)
ATGCACAGAAGCACAGGTTGA (SEQ ID NO: 172)
CTGTGTCCTCTTCCTGCCCT (SEQ ID NO: 173)
CTCTCCGAGGAGAAGGCCAA (SEQ ID NO: 174)
CCACACAGCTTCCCGTTCTC (SEQ ID NO: 175)
GAGAGCCGTI 'CCCTCTTTGC (SEQ ID NO: 176)

Primers for High-throughput sequencing of on-target and off-target sitesin human

genome.
HTS EMX ON-fwd

HTS EMX _Offl-fwd
HTS EMX_Off2-fwd
HTS EMX_OfO-fwd
HTS EMX_Off4-fwd
HTS VEFG ON-fwd

HTS VEGF_Offl -
fwd

HTS VEGF Off2-
fwd

HTS VEGF OfO-
fwd

HTS VEGF Off4-
fwd

HTS CLTAZ ON-
fwd

HTS CLTAZ2_Offl-
fwd

HTS CLTA2 Off2-
fwd

HTS CLTA2_OfO-
fwd
FITS EMX ON-rev

FITS EMX _Off 1-rev

CACTCTTTCCCTACACGACGCTCTTCCGATCT
CCTCCCCATTGGCCTGCTTC (SEQ ID NO: 177)
CACTCTTTCCCTACACGACGCTCTTCCGATCT
TCGTCCTGCTCTCACTTAGAC (SEQ ID NO: 178)
CACTCTTTCCCTACACGACGCTCTTCCGATCT
TTTTGTGGCTTGGCCCCAGT (SEQ ID NO: 179)
CACTCTTTCCCTACACGACGCTCTTCCGATCT
TGCAGTCTCATGACTTGGCCT (SEQ ID NO: 180)
CACTCTTTCCCTACACGACGCTCTTCCGATCT
TTCTGAGGGCTGCTACCTGT (SEQ ID NO: 181)
CACTCTTTCCCTACACGACGCTCTTCCGATCT
ACATGAAGCAACTCCAGTCCCA (SEQ ID NO: 182)
CACTCTTTCCCTACACGACGCTCTTCCGATCT
AGCAGACCCACTGAGTCAACTG (SEQ ID NO: 183)
CACTCTTTCCCTACACGACGCTCTTCCGATCT
CCCGCCACAGTCGTGTCAT (SEQ ID NO: 184)
CACTCTTTCCCTACACGACGCTCTTCCGATCT
CGCCCCGGTACAAGGTGA (SEQ ID NO: 185)
CACTCTTTCCCTACACGACGCTCTTCCGATCT
GTACCGTACATTGTAGGATGTTT (SEQ ID NO: 186)
CACTCTTTCCCTACACGACGCTCTTCCGATCT
CCTCATCTCCCTCAAGCAGGC (SEQ ID NO: 187)
CACTCTTTCCCTACACGACGCTCTTCCGATCT
ATTCTGCTCTTGAGGTTATTTGT (SEQ ID NO: 188)

CACTCTTTCCCTACACGACGCTCTTCCGATCT
CACCTCTGCCTCAAGAGCAGAAAA (SEQ ID NO: 189)
CACTCTTTCCCTACACGACGCTCTTCCGATCT
TGTGTGTGTGTGTGTGTAGGACT (SEQ ID NO: 190)
GGAGTTCAGACGTGTGCTCTTCCGATCT
TCATCTGTGCCCCTCCCTCC (SEQ ID NO: 191)
GGAGTTCAGACGTGTGCTCTTCCGATCT
CGAGAAGGAGGTGCAGGAG (SEQ ID NO: 192)
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HTS EMX_Off2-rev.  GGAGTTCAGACGTGTGCTCTTCCGATCT
CGGGAGCTGTTCAGAGGCTG (SEQ ID NO: 193)

HTS EMX Off3-rev.  GGAGTTCAGACGTGTGCTCTTCCGATCT
CTCACCTGGGCGAGAAAGGT (SEQ ID NO:194)

HTS EMX_Off4-rev.  GGAGTTCAGACGTGTGCTCTTCCGATCT
AAAACTCAAAGAAATGCCCAATCA (SEQID NO: 195)

HTS VEFG ON-rev.  GGAGTTCAGACGTGTGCTCTTCCGATCT
AGACGCTGCTCGCTCCATTC (SEQ ID NO: 196)

HTS VEGF_Offl - GGAGTTCAGACGTGTGCTCTTCCGATCT

rev ACAGGCATGAATCACTGCACCT (SEQ ID NO:197)

HTS_VEGF_Off2- GGAGTTCAGACGTGTGCTCTTCCGATCT

rev GCGGCAACTTCAGACAACCGA (SEQ ID NO: 198)

HTS VEGF_OfO- GGAGTTCAGACGTGTGCTCTTCCGATCT

rev GACCCAGGGGCACCAGTT (SEQ ID NO: 199)

HTS_VEGF_Off4- GGAGTTCAGACGTGTGCTCTTCCGATCT

rev CTGCCTTCATTGCTTAAAAGTGGAT (SEQ ID NO:200)

HTS CLTAZ2 ON- GGAGTTCAGACGTGTGCTCTTCCGATCT

rev ACAGTTGAAGGAAGGAAACATGC (SEQ ID NO:201)

HTS CLTAZ2_Offl- GGAGTTCAGACGTGTGCTCTTCCGATCT

rev GCTGCATTTGCCCATTTCCA (SEQ ID NO:202)

HTS CLTA2_Off2- GGAGTTCAGACGTGTGCTCTTCCGATCT

rev GTTGGGGGAGGAGGAGCTTAT (SEQ ID NO:203)

HTS CLTA2_OfO- GGAGTTCAGACGTGTGCTCTTCCGATCT

rev CTAAGAGCTATAAGGGCAAATGACT (SEQ ID NO:204)

HTS EGFP-fwd CACTCTTTCCCTACACGACGCTCTTCCGATCTNNNN
ACGTAAACGGCCACAAGTTC (SEQ ID NO:205)

HTS EGFP-rev GGAGTTCAGACGTGTGCTCTTCCGATCT

GTCGTCCTTGAAGAAGATGGTG (SEQ ID NO:206)
HTS MusEMX ON- CACTCTTTCCCTACACGACGCTCTTCCGATCT

fwd CCAGGTGAAGGTGTGGTTCCAG (SEQ ID NO:207)
HTS MusEMX ON- GGAGTTCAGACGTGTGCTCTTCCGATCT

rev CCCCTAGTCATTGGAGGTGAC (SEQ ID NO:208)
Results

Highly efficient delivery of Cre recombinase fused to a supernegatively charged protein
[00387] It was speculated that imparting the highly anionic electrostatic properties of
nucleic acids to genome-editing proteins may enable their efficient delivery into mammalian
cellsusing cationic lipids (Figure 27(A)). For proteins of interest that are not natively highly
negatively charged, it was thought that fusion with anatural or engineered supernegatively

charged protein” would impart apolyanionic character. For nucleic acid-binding proteins, it was
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speculated that simple complexation with native DNA or RNA substrates might provide
sufficient anionic character to support cationic lipid-based delivery (Figure 27(A)).

[00388] It was first tested whether the engineered supernegetively charged GFP variant, 3°
(-30)GFP, could mediate encapsulation and delivery of fused protein cargo (Figure 27(B)). (-
30)GFP was fused to Cre recombinase and several commercially available cationic lipids were
tested for their ability to functionally deliver the fusion into Hel a cells that only express DsRed
upon Cre-mediated recombination (Figure 28(A)). Delivery of 10 nM (-30)GFP-Cre complexed
with 1.5 uL Lipofectamine RNAIMAX (hereafter referred to as "RNAIMAX", Life
Technologies, Carlsbad CA) in media containing 10% fetal bovine serum (FBS) led to strong
DsRed fluorescence signal among treated cells. Fluorescence-activated cell sorting (FACYS)
revealed that 48 hours after treatment 52% of cells expressed DsRed consistent with Cre
recombination (Figure 28(B)).

[00389] Optimization resulted in recombination efficiencies of 65% using 25 nM (-
30)GFP-Cre complexed with 1.5 pi, RNAIMAX in 250 ui. of media containing 10% FBS
(Figure 28(C)). The potency of lipid-mediated anionic Cre delivery isnotable compared to that
of cationic protein-mediated delivery. Only 1nM (-30)GFP-Cre with cationic lipid was needed
to result in 15-20% recombined cells, whereas 1 uM (+36)GFP-Cre was required to achieve this
extent of recombination, representing a 1,000-fold difference in delivery potency (Figure 28(C)).
Nearly identical results were observed in asecond Cre reporter cell line (BSR TdTomato)
(Figure 33(A)). Increasing the amount of cationic lipid increased toxicity (Figure 33(B)) and it
was found that 1.5 pL RNAIMAX per 250 pLL. sample maximized recombination efficiency
while inducing minimal cell toxicity. Under these conditions, cationic lipids did not increase the
delivery potency of neutral or cationic Cre recombinase fusions (Figure 28(C) and Figure 33(C)),
indicating that the strongly negative charge of (-30)GFP-Cre was required to participate in
cationic lipid-mediated delivery. It was also observed that increasing the amount of cationic lipid
increased the concentration of protein required for maximal recombination, consistent with a
model in which deliverable proteins are complexed with specific stoichiometries of cationic
lipids (Figure 28(D)). These observations collectively indicate that cationic lipids can mediate
the potent delivery of polyanionic proteins into mammalian cells even in the presence of serum.
[00390] To determine if the higher potency of cationic lipid-mediated (-30)GFP-Cre

delivery relative to cationic protein-mediated delivery arises from more total protein uptake by

150



WO 2016/070129 PCT/US2015/058479

cells, or from ahigher fraction of functional, non-endosomal protein molecules that enter cells,
flow cytometry was used to measure GFP fluorescence of cells treated with either (+36)GFP-Cre
or liposomal (-30)GFP-Cre under their respective optimal Cre delivery conditions. Comparison
of cellular fluorescence and recombination efficiency reveals that lipid-mediated functional
delivery of (-30)GFP-Cre is 9,800-fold more potent per amount of endocytosed protein than
delivery of (+36)GFP-Cre (Figure 34). Taken together, these results suggest that the unusually
high potency of lipid-mediated delivery of anionic proteins does not arise from unusually high
protein uptake in each cell, but rather from post-endocytosis processes that likely include
endosomal escape into the cytoplasm and the avoidance of lysosomal protein degradation.
[00391] Totest whether the ability to deliver polyanionic proteins is dependent on
proprietary componentsin RNAIMAX or if other cationic lipids are capable of mediating
similarly potent delivery, severa other transfection reagents designed to deliver nucleic acids
were tested (Figure 28(E)). While RNAIMAX remained the most effective functional delivery
agent for (-30)GFP-Cre, other cationic lipid formulations also resulted in potent delivery.
Lipofectamine 2000 and Lipofectamine LTX (Life Technologies, Carlsbad CA), two plasmid
transfection reagents based on cationic lipid formulations,2! and SAINT-Red (Synvolux
Therapeutics, Groningen Netherlands), an SSRNA delivery formulation containing a synthetic
pyridium-containing cationic lipid, all resulted in strong functional (-30)GFP-Cre delivery over a
range of concentrations (Figure 28(E)). In contrast, strong deliveries with the cationic lipid
DOTAP (Roche Diagnostics, Indianapolis IN) or the peptide-based nucleic acid delivery agent
EZ-PLEX (Ascension Bio, Tampa FL) were not observed (Figure 28(E)). These observations
collectively indicate that several (but not all) cationic lipids are able to encapsulate and deliver
negatively charged proteins into human cells.

[00392] It was speculated that it should be possible to use cationic lipidsto deliver
polyanionic proteins other than (-30)GFP. Engineered polyanionic protein domains commonly
used in biomedical research include the VP64 activation domain (-22 net theoretical charge)
widely used in fusions with engineered zinc finger arrays, TALE repeat arrays, or dCas9 for
transcriptional activation, and 3x FLAG (-7 net theoretical charge), an epitope tag used for
protein purification and visualization (Figure 28(F)). It was observed that both VP64 and 3x
FLAG enhance functional delivery of Cre recombinase with cationic lipids, though not as
effectively as (-30)GFP, likely dueto their lower overall negative charge (Figure 33(C)). These
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observations demonstrate that unusually negatively charged proteins beyond (-30)GFP can
mediate efficient cationic lipid-based delivery into mammalian cells. Protein delivery efficacy by
cationic lipids is predominantly afunction of total negative charge, and does not require a
particular distribution of anionic residues.

Comparison of recombination efficiency and cellular toxicity for liposomal protein delivery
of (-30)GFP-Cre versus optimized plasmid DNA transfection

[00393] We optimized plasmid transfection of HeLareporter cells across arange of
plasmid and Lipofectamine 2000 doses, and found that transfection efficiency in this cell line
yielded amaximum of 33% DsRed fluorescent cells (Figure 27(B)). These findings suggest that
cationic lipid-based (-30)GFP-Cre protein delivery can result in more functional Cre
recombinase activity than well-established plasmid DNA transfection methods.

[00394] Asnucleic acid transfection by cationic lipids isto known to induce cellular
toxicity, Lwe also characterized the toxicity of cationic lipid-mediated (-30)GFP-Cre protein
delivery and compared the results with those of plasmid transfection methods (Figures 27(B-C)).
Cells undergoing protein delivery or plasmid transfection were analyzed for cell survival by flow
cytometry using the TO-PRO-3 live/dead cell stain (Life Technologies). While increasing the
amount of RNAIMAX predictably increased toxicity (Figure 27(B)), the use of 1.5 uLL
RNAIMAX per 275 uLL sample maximized recombination efficiency (> 50% DsRed-positive live
cells) while inducing minimal cell toxicity (> 80% live cells, Figure 27(C)). In contrast, all
efficacious plasmid DNA delivery conditions tested exhibited much greater toxicity (Figure
27(D)), with fewer than 40% of cells surviving plasmid transfection under any condition that
resulted in > 5% DsRed-positive live cells. These results indicate that optimized cationic lipid-
mediated delivery of anionic Cre recombinase achieves substantially greater delivered Cre
activity with much lower toxicity than optimized plasmid DNA transfection.

Delivery efficacy of various anionic proteins fused to Cre

[00395] We observed that both VP64 and 3x FLAG enhance functional delivery of Cre
recombinase with cationic lipids, though not as effectively as (-30)GFP, likely dueto their lower
overall negative charge (Figure 28(F)). To further probe the relationship between net anionic

charge and protein delivery efficiency, we generated two new anionic GFP-Cre fusions of
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comparable charge as 3XFLAG-Cre and VP64-Cre using (-7)GFP and (-20)GFP, respectively.
The (-7)GFP-Cre and (-20)GFP-Cre fusions showed nearly identical protein delivery efficacy as
their like-charged anionic peptide-tagged counterparts (Figure 28(F)), suggesting that the
efficacy of delivery by cationic lipids is predominantly afunction of the total negative charge,
and not the distribution or density of charged residues.

Functional delivery of TALE activator proteins

[00396] The lipid-mediated delivery of TALE-V P64 transcriptional activators
(approximately +4 theoretical net charge, depending on TALE variant used) into cultured human
cells was tested. While modestly effective cleavage of endogenous genes by delivered TALEN
proteins has been demonstrated in mammalian cells in the absence of serum using cationic
peptides such as Args,,*¢ the delivery of TALE-based transcription factor proteins has not yet
been reported, and no effective delivery of TALE proteins in serum has been previously
described to our knowledge. The gene for neurotrophin-3 (NTF3), aneural growth factor that has
been associated with neurodegenerative diseases, was targeted.3” A previously described NTF3-
targetting TALE-VP6438 was fused to (-30)GFP (Figure 29(A)) and treated HEK293T cells with
25nM (-30)GFP-NTF3 TALE1-VP64 and RNAIMAX under the conditions optimized for Cre
delivery. Gene expression levels of NTF3 4 hours after treatment were 3.5-fold higher in cells
treated with 25 nM (-30)GFP-NTF3 TALE-VP64 and RNAIMAX than untreated cells, cells
treated with RNAIMAX only, or cells treated with aVVEGF-targeting TALE transcriptional
activator (Figure 29(B)). Comparable levels of NTF3 expression were observed 48 hours after
transfection of plasmids encoding the same NTF3-targeting TALE-V P64 (Figure 29(B)).

[00397] Since the synergistic expression of multiple TALE activators targeting different
sites on the same gene has been shown to augment gene activation,38 five distinct NTF3-
targeting TALE activators fused to (-30)GFP using RNAIMAX were simultaneously delivered.
Protein-lipid complexes were prepared as above by adding the five (-30)GFP-NTF3-TALE-
VP64 proteins a 5nM each, for atotal of 25 nM protein. A 7-fold increase in NTF3 expression
was observed after a4-hour incubation (Figure 29(B) and Figure 35), while plasmid co-
transfection of al five NTF3 TALE activators, followed by a48-hour incubation, resulted in a
10-fold increase in NTF3 expression levels (Figure 29(B)). To characterize TALE activity over
time using these two methods, NTF3 mRNA levelswere measured over a 48-hour period
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following protein or DNA delivery. TALE activator activity following protein delivery peaks ~4
hours post-treatment and falls over the next 44 hours (Figure 29(C)), whereas plasmid DNA
transfection required ~24 hours to show above-background levels of NTF3 activation, which
plateaued at -36-48 hours (Figure 29(C)). These findings demonstrate that TALE activator
proteins can be delivered using cationic lipids to transiently activate gene expression in human
cells. While not limited to such embodiments, this capability may prove especially valuable for
proteins that effect a one-time permanent changein cell state or cell fate when transiently
expressed. 39

Highly efficient delivery of Cas9:sgRNA protein:RNA complexes into human cells

[00398] Given the potent lipid-mediated delivery of polyanionic Cre and TALE activator
protein variants in full-serum media, it was speculated that CRISPR-Cas9:sgRNA complexes,
either as fusions with (-30)GFP or as native polyanionic Cas9:guide RNA complexes, might also
be delivered into human cells using this approach. Using awell-established Cas9-induced gene
disruption assay,*° specific sites within a genomic EGFP reporter gene in human U20S cells
were targeted (Figure 36(A)). On-target Cas9 cleavage induces non-homologous endjoining
(NHEJ) in EGFP and the loss of cell fluorescence. To avoid interference from the fluorescence
of (-30)GFP, aY67S mutation was introduced into (-30)GFP to eliminate its fluorescence, and
designated this non-fluorescent variant as (-30)dGFP.

[00399] Treatment of U20S reporter cellswith 25 nM (-30)dGFP-NLS-Cas9 and 50 nM
EGFP-targeting sgRNA with RNAIMAX in media containing 10% FBS showed loss of EGFP
expression in 48% of cells (Figure 30(A)). Cotransfection of plasmids expressing Cas9 or
SgRNA resulted in similar EGFP loss in 37% of cells (Figure 30(A)). No significant EGFP
disruption was observed upon transfection of plasmids encoding EGFP sgRNA alone, Cas9
alone, or cotransfection of plasmids encoding Cas9 and an sgRNA designed to target a VEGF
locus (Figure 30(A), Figure 36(B)). It was confirmed that the robust disruption of EGFP was not
aresult of cellular toxicity (Figures 36(C)-(D)). It was aso observed that treatment of cells with
(+36)dGFP-NL S-Cas9 and sgRNA in the presence of 10% FBS serum did not lead to efficient
gene disruption (Figure 30(A)), suggesting that cationic-peptide based methods of delivery for
Cas9 and sgRNA are not effective perhaps due to interference of gRNA:Cas9 complex formation
or nuclease function by superpositively charged proteins.4! Together, these results establish that
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cationic lipid-mediated delivery of (-30)dGFP-NLS-Cas9:sgRNA complexes can result in
efficient sgRNA-dependent target gene disruption in human cells. Cas9 and sgRNA in the
presence of 10% FBS did not lead to efficient gene disruption (Figure 30(A)), suggesting that
cationic-protein based methods of delivery for Cas9 and sgRNA may not be effective, perhaps
due to interference of Cas9: sSgRNA complex formation or nuclease function by cationic
proteins, 4! consistent with arecent study describing the delivery of Cas9 protein with an
oligoarginine peptide tag which achieved only moderate levels of gene disruption.s8
Optimization of plasmid transfection conditions did not yield higher than 40% EGFP disruption
(Figure 30(A)and Figure 31(A)), and the transfection conditions required to achieve this level of
gene disruption resulted in high levels of cellular toxicity (Figure 31(B)). Together, these results
establish that cationic lipid-mediated delivery of (-30)dGFP-NLS-Cas9:sgRNA complexes can
result in efficient sgRNA-dependent target gene disruption in human cells with minimal toxicity,

unlike cationic peptide-based protein delivery or plasmid DNA transfection methods.

Polyanionic sgRNA isnecessary and sufficient for efficient lipid-mediated Cas9 delivery
[00400] Since the complex of native Cas9 protein (+22 net theoretical charge) and an
sgRNA (-103 anionic phosphate groups) should be overall highly anionic, next it was tested if
native Cas9: sgRNA complexes without fusion to polyanionic proteins can be delivered into
human cells using cationic lipids. Treatment of U20S EGFP reporter cellswith 100 nM Cas9,
100 nM EGFP sgRNA, and 0.8 uL. RNAIMAX resulted in 65% disruption of the EGFP reporter
gene (Figure 30(A)). Treatment of cells with Cas9 protein and sgRNA, but without RNAIMAX,
resulted in no loss of GFP fluorescence (Figure 30(A)). These observations suggest that sSgRNA
alone, even in the absence of a supernegatively charged fusion protein, can provide the highly
anionic character needed to mediate cationic lipid-based delivery of Cas9.

[00401] Treatment of U20S EGFP reporter cellswith 100 nM Cas9, 50 nM EGFP
sgRNA, and 0.8 uL. RNAIMAX resulted in 65% disruption of the EGFP reporter gene (Figure
30(A)). These observations suggest that sgRNA aone, even in the absence of a supernegatively
charged fusion protein, can provide the highly anionic character needed to mediate cationic lipid-
based delivery of Cas9. We evaluated several different Cas9 constructs over abroad range of
conditions (Figures 37(A-D), Figures 38(D-F) and results herein) and lipid formulations (Figure
39(A) and results herein) for their effect on EGFP disruption and observed that up to 8o%>
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targeted gene disruption resulted from Cas9:sgRNA complexed with Lipofectamine 2000 (Figure
30(A)). Due to the modestly higher toxicity of Lipofectamine 2000 compared to RNAIMAX
across arange of doses (Figures 39(B-D) and results herein), we continued using RNAIMAX for
cell culture studies unless otherwise noted.

[00402] Comparison of gene disruption efficiency arising from the cationic lipid-mediated
delivery of (-30)dGFP-NLS-Cas9:sgRNA versus Cas9:sgRNA revealed that at low doses (-
30)dGFP-NL S-Cas9 results in more efficient gene disruption than native Cas9 (Figure 37(A)), it
is outperformed by native Cas9 a higher concentrations, aswell as at the respective optimal
protein:sgRNA dose of either protein (Figures 37(B)-37(C)). These results further establish that
sgRNA can supply sufficient negative charge to support cationic lipid-based delivery of
complexed Cas9 protein.

[00403] It was also observed that while overall less protein was required for optimal
delivery of (-30)dGFP-NLS-Cas9 than Cas9, ahigher sgrRNA:protein ratio was required for
maximal (-30)dGFP-NLS-Cas9-mediated EGFP gene disruption than for native Cas9-mediated
gene disruption (Figure 37(D)). It was speculated that more equivalents of sgRNA are needed to
complex with (-30)dGFP-NLS-Cas9 since fused (-30)dGFP may electrostatically interfere with
Cas9:sgRNA complexation. Asthe ideal protein dose for (-30)dGFP-NLS-Cas9 mediated EGFP
gene disruption is 10-fold lower than that of wild-type Cas9, the results also suggest that (-
30)dGFP-Cas9 is better encapsulated by cationic liposomes than Cas9:sgRNA due to its higher
overall negative charge, but this charge magnitude may interfere with Cas9:sgRNA interactions,
necessitating more sgRNA per protein and potentially reducing total delivered Cas9 activity. In
addition, NLS-Cas9 and Cas9-NL S proteins were generated and tested, and it was observed that
while the presence of an NLS in (-30)dGFP-NLS-Cas9 could at least partially explain
differences in delivery efficacy a very low concentrations, Cas9, NLS-Cas9, and Cas9-NLS all
result in higher efficiency of EGFP disruption than (-30)dGFP-NLS-Cas9 a 25 nM or higher
concentrations (Figures 38(A)-(C)) the reduction in activity dueto the presence of the large
anionic fusion partner to Cas9 compromises its overall performance.

[00404] Cas9: sgRNA delivery with cationic lipid formulations other than RNAIMAX was
also tested. Delivery with Lipofectamine 2000 was notably more efficient than with RNAIMAX,
resulting in up to 80% Cas9-mediated gene disruption ( Figure 39(A)), and maintaining high
efficiency (60% gene disruption) even a 1nM protein (Figure 39(A)). However, dueto the
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somewhat higher toxicity of Lipofectamine 2000 compared to RNAIMAX under cell culture
conditions (Figures 33(B)-C)), RNAIMAX was used for all subsequent cell culture studies.
[00405] To verify that EGFP disruption arose from genome modification and not only
from Cas9 binding,42 the T7 endonuclease | (T7EIl) assay43 was used to detect and quantify the
frequency of Cas9-mediated genomic insertion/deletion mutations (indels) a the target EGFP
locus (Figure 30(B)). The T7EI assay results showed that only those cells treated with both Cas9
and EGFP sgRNA plasmids, or Cas9 protein and purified EGFP sgRNA, contained indels at the
target site 48 hours after treatment. Taken together, these findings establish that active
Cas9: sgRNA complexes can be potently delivered into human cells with cationic lipids in a
manner dependent on the negative charge provided by the sgRNA.

[00406] U20S EGFP reporter cells were aso treated with asingle lipid-mediated delivery
treatment of CasO complexed with a mixture of four gRNAs targeting EGFP, CLTA, EMX, and
VEGF. This treatment resulted in efficient disruption of al four targets, with cleavage
efficiencies of 58%, 28%, 16%>, and 40%>, respectively, as measured by T7E1 cleavage assay.
These high gene disruption efficiencies from a single delivery of 50 nM Cas9 and 25 nM of each
sgRNA (100 nM total sgRNA) demonstrate that lipid-mediated Cas9:sgRNA delivery can
support efficient multiplexed genome editing (Figure 30(C)).

[00407] We also tested whether delivered Cas9 nuclease: sgRNA complexes are capable of
effecting homology-directed repair (HDR) using an EGFP-repair reporter cell line.5” We
combined Cas9 and EGFP-targeting SgRNA, mixed the resulting protein:RNA complexes with
varying concentrations of single-stranded DNA oligonucleotide (ssODN) donor template , and
delivered the Cas9:sgRNA + ssODN mixture using Lipofectamine 2000 (Figure 44(A)).
Cas9:sgRNA delivery achieved EGFP HDR fregquencies of -8-1 1%, similar to that of optimized
plasmid transfection-based HDR (Figures 44(B-C)), and consistent with previous reports using
the same reporter cell line, suggesting that cationic lipid-based delivery of Cas9: sgRNA isa
viable approach to efficient HDR.

[00408] Next we determined whether cationic lipid-based protein delivery could be
applied to deliver other Cas9-derived genome engineering tools such as Cas9 nickases* and
Cas9-based transcriptional activators.4> We measured gene disruption efficiency in U20S EGFP
reporter cells resulting from delivery of Cas9 D10A nickase (Figure 30(D)and results herein) and
achieved results similar to previous reports using plasmid transfection. 46 Delivery of dCas9-
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VP64 activators either by plasmid transfection or RNAIMAX-mediated protein delivery resulted
in strong (> ~10-fold) activation of NTF3 transcription (Figure 30(E) and Figure 40(A)). As
observed above with TALE activators (Figure 29(C)), dCas9-V P64 protein delivery resulted in
fast-acting and transient transcriptional activation compared to DNA delivery (Figure 40(B) and
results herein). These results collectively indicate that both Cas9 nickases and Cas9
transcriptional activators can also be delivered effectively by cationic lipid-mediated
protein:sgRNA complex delivery.

Functional delivery of Cas9 nickases and dCas9 activators

[00409] Next, whether cationic lipid-based protein delivery could be extended to deliver
other Cas9-derived genome engineering tools such as Cas9 nickases* and Cas9-based
transcriptional activators was tested.45 Gene disruption efficiency in U20S EGFP reporter cells
resulting from delivery of Cas9 DIOA nickase was measured, either by cotransfection of nickase
and appropriate paired EGFP-targeting sgRNA plasmids, or as purified protein complexed with
pairs of EGFP sgRNAs using RNAIMAX (Figure 30(D)). Both plasmid and cationic lipid-
mediated protein:RNA delivery of dua Cas9 nickases resulted in EGFP disruption with similar
efficiencies (Figure 30(D)) only in the presence of sgRNA pairs targeting opposite strands,
(sgRNA pairs gl+g5, and g3+g7), but not with sgRNA pairs targeting the same strand (sgRNA
pair g5+g7) (Figure 30(D)), consistent with previous reports of Cas9 nickase cleavage
requirements. 46

[00410] The NTF3 transcriptional activation efficiencies in HEK293T cells resulting from
either plasmid transfection or direct protein.sgRNA complex delivery of dCas9 fused to aV P64
activation domain were also compared.4> Delivery of dCas9-V P64 activators either by plasmid
transfection or RNAIMAX-mediated protein delivery resulted in strong (> ~10-fold) activation
of NTF3 transcription (Figure 30(E) and Figure 40). Transcriptional activation levels resulting
from plasmid transfection were more potent than activation resulting from protein delivery a
optimal assay times for each delivery method (Figure 30(E)), potentially due to the sustained
expression both Cas9 activator protein and sgRNA from the plasmids compared to the transient,
single dose of purified protein and RNA. While the above results indicate that such factors do
not limit the potency of irreversible genome modification by delivered Cas9 nuclease and
nickase proteins (Figures 40(A) and 40(D)), the low dose and transient nature of the delivered
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protein may more strongly limit potency of dynamic processes such astranscriptional activation.
Nevertheless, these results collectively indicate that both Cas9 nickases and Cas9 transcriptional
activators can also be delivered effectively by cationic lipid-mediated protein: SgRNA complex
delivery.

Comparison of Lipofectamine 2000 and RNAIMAX for Cas9 delivery efficiency and
toxicity

[00411] Wetested Cas9:sgRNA delivery with cationic lipid formulations other than
RNAIMAX. EGFP disruption with Lipofectamine 2000 was notably more efficient than with
RNAIMAX, resulting in up to 80% Cas9-mediated gene disruption (Figure 39(A)), and
maintaining high efficiency (60% gene disruption) even a 1nM protein (Figure 39(A)).
However, due to the somewhat higher toxicity of Lipofectamine 2000 (Figure 39(B)) for
protein:sgRNA delivery compared to that of RNAIMAX (Figure 39(C)) under cell culture
conditions, we continued to use RNAIMAX for subsequent cell culture studies. We also
observed that increasing the dosage of Cas9:sgRNA increased toxicity a constant amounts of
either RNAIMAX or Lipofectamine 2000 (Figure 39(D)).

Cas9:sgRNA delivery modifies genomes with greater specificity than DNA transfection
[00412] DNA-free delivery of functional Cas9:sgRNA complexes circumvents risks
associated with viral or other gene delivery methods and has the potential to improve the
specificity of genome modification by avoiding the unnecessary expression of genome-editing
agent after the target locus is modified. Transient delivery of functional Cas9:sgRNA
protein.RNA complexes circumvents risks associated with viral or other gene delivery methods
and has the potential to improve the specificity of genome editing by minimizing the opportunity
of agentsto modify off-target substrates after the target locus is modified, or to reverse on-target
modification. Totest if the described approach can disrupt endogenous genes in human cells,
genomic loci in the EMX1, CLTA2, and VEGF genes were targeted due to their potential
biomedical relevance and their use in previous studies?0'46*47 of Cas9 off-target cleavage activity.
Cationic lipid-mediated delivery of Cas9:sgRNA complexesinto HEK293T cellsresulted in
robust cleavage of all three human genes with efficiencies comparable to or greater than those of
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plasmid transfection methods asrevealed by the T7El assay using the same Cas9:sgRNA
delivery conditions previously optimized for U20S cells (Figure 31(A)).

[00413] To compare the endogenous gene modification specificity of plasmid versus
protein:RNA delivery methods for Cas9, the on-target locus was amplified aswell as several
known off-target sites (Table 1) from genomic DNA isolated from HEK293 cells treated either
by transfection of Cas9 and sgRNA expression plasmids, or by RNAIMAX-mediated
Cas9:sgRNA complex delivery under conditions that resulted in comparable on-target
modification efficiencies. The indel frequencies at the three on-target and 11 off-target sites were
assayed by high-throughput DNA sequencing (Table 2). For al three target genes, the frequency
of on-target DNA modification resulting from either plasmid or protein:sgRNA delivery was
approximately 10%+2% (Figure 41), enabling the comparison of off-target modification under
conditions that result in very similar on-target modification efficiencies. Importantly, the
frequency of off-target genome modification for all 11 off-target sites was lower from
protein:sgRNA delivery compared with plasmid delivery (Figures 41(A-C)), and as aresult the
ratio of on-target to off-target modification ratio for al sites tested was up to 19-fold higher for
protein:sgRNA delivery than for plasmid delivery (Figures 31(B-D)).

[00414] We also observed that the increase in specificity for Cas9 protein delivery relative
to DNA transfection persists across awide range of on-target cleavage efficiencies (-1%, -10%,
and -40%) (Figure 46andresults herein). Thisincrease in specificity using protein delivery is
consistent with the transient nature of the delivered protein:sgRNA complexes compared to
plasmid transfection (Figure 47and results herein). We also measured the amount of protein
internalized by cells using our cationic lipid-based protein delivery approach and determined that
-4% of the total protein used in the treatment was internalized by cells (Figure 48and results
herein). We note that the majority of this protein likely exists within endosomes and may not be
available to effect genome modification. 18's°

[00415] Wetested whether the observed increase in specificity for Cas9 protein delivery
holds at different cleavage efficiencies, focusing on the VEGF on-target and its four known off-
target sites. Wetuned Cas9-mediated on-target modification rates over abroad range by scaling
the amount of Cas9:sgRNA delivered by plasmid transfection and liposomal protein delivery,
resulting in conditions that yield low (~1%>), moderate (~10%>), and high (~40%>) on-target DNA
modification. We observed that across all levels of on-target modification, Cas9:sgRNA delivery
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aways resulted in substantially (typically ~10-fold) higher on:off-target modification ratios than
comparable Cas9 plasmid DNA transfections (Figure 46). Thisincrease in specificity can likely
be explained by the transient nature of the delivered protein:sgRNA complexes (Figure 47) as
well asthe quality of the sgRNA complexed with the Cas9 protein compared to that of the
endogenously produced sgRNA transcripts. There isthe potential for degraded or otherwise
modified sgRNASs to interact with the Cas9 protein and allow it to mediate unintended and
unpredictable genome modifications. We also note that RNA pol 111 transcription has an error
rate of ~10°5, while published T7 RNAP error rates may be up to 10-times lower. In a given 20-
base spacer target sequence, there would be one incorrect version per every 5,000 transcripts
versus one in every 50,000 for our pre-complex sgRNAS. Such differences may further account
for the observed increases in specificity.

[00416] DNA modification specificity was higher for protein:sgRNA delivery than for
plasmid delivery at loci with high levels of off-target modification (such asthe four VEGF off-
target sites, for which plasmid delivery yielded average on-target:off-target modification ratios
between 4- and 20-fold but protein:RNA delivery yielded average on-target:off-target
modification ratios between 9- and 400-fold) aswell as for loci with lower levels of off-target
modification (such asthe three EM Zoff-target loci, for which plasmid delivery yielded average
on-target:off-target modification ratios as low as 64-fold but protein.RNA delivery yielded
average on-target:off-target modification ratios of 500- to 2,000-fold). Taken together, these
results indicate that the delivery of Cas9:sgRNA complexes using cationic lipids can effect target
gene modification at high efficiency and with substantially greater specificity than the delivery
of DNA expressing Cas9 and sgRNA.

Time course of gene disruption from Cas9:sgRNA delivery versus plasmid DNA
transfection

[00417] The remarkable increases in Cas9 specificity for protein:sgRNA delivery islikely
aresult of the transient nature of the delivered protein that was directly observed with both
TALE-activator and dCas9-activator delivery (Figure 35(A) and Figure 40(B)). We performed a
time course experiment that measured indel modification rate by Surveyor assay from
protein:sgRNA or plasmid DNA delivery over the course of 72 hours post-treatment (Figure 47).
Whereas indel formation in U20S EGFP reporter cells following Cas9 plasmid transfection
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continued to increase 72 hours after DNA delivery, protein:sgRNA delivery leads to near-
maximal indel modification between 12 and 24 hours after treatment (Figure 47). Together, these
results suggest that protein:sgRNA delivery rapidly achieves atransient dose of Cas9:sgRNA
activity that mediates efficient genome modification and is degraded before off-target

modifications can accumulate to the extent that arises from long-term expression.

Quantification of total Cas9 protein uptake into cells

[00418] Finally, we quantitated the amount of protein internalized by cells using our
cationic lipid-based protein delivery approach. We labeled Cas9 protein with Alexa 647 and
delivered it to U20S cells a 50 nM with 100 nM sgRNA. After 4 hours, cells were washed
extensively to remove bound protein and trypsinized. Cellular Alexa 647 fluorescence was
measured and compared to that of a standard curve of known Cas9-Alexa 647 amounts in the
presence of an identical composition of media, cells, and lipid. Nearly al treated cells were
found to have internalized the Cas9-Alexa 647 protein (Figure 48(A)), and 4% of the total
protein used in the treatment was internalized by cells (Figure 48(A)). Comparison with the
standard curve suggests that ~3xI 07 molecules of Cas9-Alexa 647 entered each cell,
corresponding to 0.4% of total cellular protein.s© We note, however, that the mgjority of this
protein is likely sequestered within endosomes and may not be immediately available to effect
genome modification. 18's’

Delivery of Cas9:sgRNA into mouse embryonic stem cells

[00419] Therapid, potent, and transient cationic lipid-mediated delivery of Cas9:sgRNA
to effect genome editing could be especially useful in stem cells, where Cas9 off-target activity
over the course of multiple cell divisions could lead to both unwanted mutations, and mosaicism.
To test the effectiveness of Cas9:sgRNA delivery in stem cells, we treated mouse embryonic
stem cells expressing Tau-EGFP48 with Cas9 and an E GFP-targeting sgRNA. Under standard
stem-cell culture conditions, EGFP-positive floating spheres were formed. Wetreated these
floating spheres with Cas9:sgRNA complexed with Lipofectamine 2000, or with Cas9 and
Lipofectamine 2000 without sgRNA as a control. Three days post-treatment, we observed a
reduction in GFP fluorescence in the Cas9:sgRNA-treated spheres compared to the control
samples (Figure 42(A)). The treated spheres were dissociated, and the cells were allowed to
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attach to alaminin-coated dish and differentiate into progenitor cells. Immunohistochemistry
using an anti-GFP antibody confirmed knockdown of EGFP expression in the cells of
Cas9:sgRNA treated samples, with many nuclei lacking any apparent EGFP. In contrast, all cells
derived from control spheres were EGFP positive (Figure 42(B)). Genomic DNA harvested from
Cas9:sgPvNA-treated cells was subjected to T7EI assay, resulting in clear evidence of indels at
the Tau-EGFP locus (Figure 42(C)). From this assay we calculated an indel frequency of 24%
from cationic lipid-mediated Cas9:sgRNA delivery and 20% from DNA transfection. No target
modification was detected in control samples lacking Cas9:sgRNA or containing Cas9 and an
unrelated gRNA. These findings demonstrate that cationic lipid-mediated Cas9:sgRNA delivery
can effect efficient gene disruption in mouse embryonic stem cells.

Delivery of Cas9:sgRNA into mouse embryonic stem cells

[00420] The potent and transient cationic lipid-mediated delivery of Cas9:sgRNA to effect
efficient, permanent, and highly specific gene editing could be especially useful in stem cells. To
test this possibility, mouse embryonic stem cells expressing Tau-EGFP48 were treated with Cas9
and an E GFP-targeting sgRNA. Under standard stem-cell culture conditions, EGFP-positive
floating spheres were formed. The floating spheres were treated with Cas9:sgRNA complexed
with RNAIMAX, or with Cas9 and RNAIMAX without sgRNA as a control. Three days post-
treatment, areduction in GFP fluorescence in the Cas9:sgRNA-treated spheres compared to the
control samples was observed (Figure 42(A)). The treated spheres were dissociated, and the cells
were allowed to attach to a gelatin-coated dish and differentiate into progenitor cells.
Immunohistochemistry using an anti-GFP antibody confirmed knockdown of EGFP expression
in the cells of Cas9: sgRNA treated samples, with many nuclei lacking any apparent EGFP. In
contrast, all cells derived from control spheres were EGFP positive (Figure 42(B)). Genomic
DNA harvested from Cas9:sgRNA-treated cells was subjected to T7EIl assay, resulting in clear
evidence of indels at the Tau-EGFP locus (Figure 42(C)). From this assay, an indel frequency of
42% was calculated from both cationic lipid-mediated Cas9: sgRNA delivery and transfection of
Cas9 and sgRNA DNA. No target modification was detected in control samples lacking

Cas9: sgRNA or containing Cas9 and an unrelated gRNA. These findings demonstrate that
cationic lipid-mediated Cas9: sgRNA delivery can effect highly efficient gene disruption in

mouse embryonic stem cells.
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I'n vivo cationic lipid-mediated delivery of Cre recombinase and Cas9:sgRNA

[00421] The high-efficiency delivery of functional genome-editing proteins in vivo
enables awide range of applications including non-viral therapeutic genome editing to correct
genetic diseases. To evaluate the protein delivery method described above in a living mammal,
delivery to the mouse inner ear was chosen, due to its confined space, well-characterized inner
ear cell types, and the existence of genetic deafness mouse models that may enable future
hearing recovery studies. The in vivo deliveries of two types of proteins into the mouse inner
year were attempted. First, the delivery of (-30)GFP-Cre protein was tested to assess the
targeting of inner ear cell types and the efficiency of functional protein delivery. Second, the
delivery of Cas9:sgRNA complexesto the inner ear were evaluated to determineif cationic lipid-
mediated protein:gRNA complex delivery can support CRISPR-based gene editing in vivo.
[00422] It has been previously shown that (+36)GFP-Cre can be delivered to mouse
retina, 16 although the protein resulted in only modest levels of recombinant conversion
suggestive of inefficient in vivo delivery. For our initial inner ear delivery trials, (-30)GFP-Cre
was complexed with RNAIMAX and the complex was injected into the cochlea of postnatal day
1(P!l) reporter mice with agenomically integrated floxed-STOP tdTomato reporter. Aswith the
previously described in vitro Cre reporter cell line, functional delivery of Creto the inner ear
cells, followed by endosomal escape, nuclear localization, and Cre-mediated recombination
results in expression of tdTomato. After injection, the cochleas were harvested for
immunolabeling with inner ear cell markers for co-localization with tdTomato. RNAIMAX
injection alone was used as control. Five days following injection of (-30)GFP-Cre and
RNAIMAX, cochlear outer hair cells, the auditory sensory cells that detect sound, showed strong
tdTomato signal that co-localized with the hair cell marker myosin Vila (Myo7a), demonstrating
functional Cre delivery to hair cells (Figures 32(A)-(B)). No tdTomato expression was detected
in control cochleas (Figure 32(A)). The tdTomato signal was concentrated in the region of the
injection site at the basal turn of the cochlea. On average 33+3% of outer hair cells were
tdTomato positive a the base of the cochlea (P < 0.001; mean + SEM, n = 4) and intact sterocilia
were observed indicative of healthy hair cells (Figure 32(B)). We also tested delivery using
Lipofectamine 2000 dueto its higher potency in vitro (Figure 39(A)) and observed dramatically
higher recombination efficiency: 91+ 5% outer hair cells in cochleas treated with (-30)GFP-Cre
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+ Lipofectamine 2000 were tdTomato positive (Figure 32(C)). In comparison to control samples,
some outer hair cell loss was observed (Figure 42(C)), consistent with our previous observation
of higher cell toxicity of Lipofectamine 2000, although overall cochlear architecture was
preserved.

[00423] To further determine the effect of cationic lipid-mediated (-30)GFP-Cre protein
delivery on targeted cells, hair cell stereocilia, a delicate structure that is essential for hearing,
were examined 10 days post-injection. TdTomato positive outer hair cells had typical stereocilia
structure as imaged by espin expression, similar to control stereocilia (Figure 32(B)). No
tdTomato expression was detected in control cochleas. These observations indicate that cationic
lipid-mediated delivery of (-30)GFP-Cre protein effects recombination in cochlear outer hair
cells without apparently affecting hair cell architecture.

[00424] Because target volume, protein dose, and sgRNA dose in vivo are different than in
cell culture experiments, the above experiments were repeated under different delivery
conditions. Delivery using Lipofectamine 2000 was tested due to its higher potency in vitro
(Figure 39(A)) and dramatically higher recombination efficiency was observed: over 90% outer
hair cells in cochleas treated with (-30)GFP-Cre + Lipofectamine 2000 were tdTomato positive
(Figure 32(C)). In comparison to control samples, some outer hair cell loss was observed (Figure
32(C)), consistent with the previous observation of the higher cell toxicity of Lipofectamine
2000, although the overall cochlear architecture was preserved.

[00425] Totest the effectiveness of Cas9:sgRNA delivery in vivo, Cas9 and sgRNA
targeting EGFP were combined with RNAIMAX and the resulting complexes were injected into
postnatal day 2 (P2) transgenic Atohl-GFP mouse cochlea in which all hair cells express GFP
under the control of ahair cell-specific enhancer for transcription factor Atohl. 4° Using this
model, Cas9:sgRNA-mediated disruption of EGFP results in loss of EGFP fluorescence in outer
hair cells. Ten days after injection of Cas9:sgRNA with cationic lipid, the absence of GFP was
observed in 13% of outer hair cells near the injection site. In contrast, control cochlea injected
with Cas9 protein and RNAIMAX without any sgRNA showed no loss of EGFP signal (Figure
32(D)). The outer hair cells of cochlea injected with Cas9:sgRNA RNAIMAX complexes
appeared to be otherwise unaffected, with stereotypical expression of Myo7a and healthy nuclei,
consistent with minimal hair cell toxicity (Figure 32(D)). High-throughput DNA sequencing of

genomic DNA isolated from cochlea tissue samples revealed indels consistent with GFP target
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gene disruption in the treated samples, but not in the control samples that lacked sgRNA (Figure
43(A)). In addition, the inner ear in vivo delivery of Cas9: sgRNA using an sgRNA that targets
the EMX gene was repeated and indels in the EAZX genein treated animals, but not control
animals were similarly observed (Figure 43(B)).

[00426] After validating Cas9: sgRNA delivery in reporter cells (Figures 30(A-E)), and in
neuron-derived mouse embryonic stem cells (Figure 42 and results herein), we tested
Cas9:sgRNA delivery in vivo. Cas9 and sgRNA targeting EGFP were combined with
RNAIMAX and the resulting complexes were injected into postnatal day 2 (P2) transgenic
Atohl-GFP mouse cochleain which al hair cells express GFP under the control of ahair cell-
specific enhancer for transcription factor Atohl. 49 Using this model, Cas9:sgRNA-mediated
disruption of Atohl-GFP results in loss of GFP fluorescence in outer hair cells. Ten days after
injection of Cas9: sgRNA with cationic lipid, we observed the absence of GFP in 13% of outer
hair cells near the injection site. In contrast, control cochleainjected with Cas9 protein and
RNAIMAX without any sgRNA showed no loss of EGFP signa (Figure 32(D)). The outer hair
cells of cochleainjected with Cas9:sgRNA RNAIMAX complexes appeared to be otherwise
unaffected, with stereotypical expression of Myo7a and healthy nuclei, consistent with minimal
hair cell toxicity (Figure 32(D)). High-throughput DNA sequencing of genomic DNA isolated
from cochlea tissue samples revealed indels consistent with GFP target gene disruption in the
treated samples, but not in the control samples that lacked sgRNA (Figure 43(A)). In addition,
we repeated inner ear in vivo delivery of Cas9: sgRNA using an sgRNA that targets

the EMX gene and similarly observed indels in the EAZX genein treated animals, but not control
animals (Figure 43(B)).).

[00427] As (-30)GFP-Cre complexed with Lipofectamine 2000 resulted in more efficient
modification of the target hair cell population than (-30)GFP-Cre complexed with RNAIMAX
(Figures 32(A) and 32(C)), its use on Cas9:sgRNA delivery to Atohl-GFP cochlea was tested as
above. Loss of GFP expression was observed in 20% + 3% of outer hair cells near the injection
site after 10 days, whereas all outer hair cells maintained strong GFP expression in control
cochleainjected with Cas9 and Lipofectamine 2000 but no sgRNA (Figure 32(D)). In contrast to
modest hair cell loss observed following Lipofectamine 2000 delivery of (-30)GFP-Cre (Figure
32(C)), outer hair cells targeted by Cas9:sgRNA exhibited no obvious toxicity or structural
alteration (Figure 32(D)).
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[00428] Aswith (-30)GFP-Cre, virus-free, cationic lipid-mediated delivery of
Cas9:sgRNA into the mouse inner ear successfully modified a specific genomic locus in the
outer hair cell population, leading to loss of target gene expression. Nearly half of all types of
genetic deafness arise from hair cell loss or dysfunction,3° the results presented herein suggest a
potential strategy based on the delivery of Cas9:sgRNA complexes to genetically modify these
cells to effect hearing recovery. These findings suggest that cationic lipid-mediated delivery of
genome-editing proteins can serve as apowerful tool and apotential in vivo strategy for the
treatment of genetic disease.

Determination of protein delivery efficacy for (-30)GFP-Cre

[00429] To determine if the higher potency of liposome-mediated (-30)GFP-Cre delivery
compared with that of cationic protein delivery arises from more total protein uptake by cells or
from ahigher fraction of functional, non-endosomal protein molecules taken up by the cells,
flow cytometry was used to measure GFP fluorescence of cells treated with either (+36)GFP-Cre
or liposomal (-30)GFP-Cre under their respective optimal Cre delivery conditions. Cell
fluorescence reports total endocytosed (-30)GFP-Cre or (+36)GFP-Cre regardless of endosomal
or non-endosomal localization. 1 Lipid-mediated protein delivery resulted in surprisingly small
increases in total protein uptake (Figure 34(A)), despite the high efficiency of lipid-mediated
functiona Cre delivery. While (+36)GFP-Cre treatment increased cellular GFP fluorescence by
up to three orders of magnitude in a dose-dependent manner (Figure 34(A)), consistent with
previous reports, 2 liposomal (-30)GFP-Cre treatment induced at most 5-fold increases in
cellular GFP fluorescence (Figure 34(A)). Comparison of cellular fluorescence and
recombination efficiency reveals that lipid-mediated functional delivery of (-30)GFP-Cre is
9,800-fold more potent per amount of endocytosed protein than delivery of (+36)GFP-Cre
(Figure 34(B)).

[00430] Totest if complexation of anionic (-30)GFP with cationic lipids interferes with
GFP fluorescence and thus masks the true amount of cargo that enters the cell mCherry, which
is fluorescent but not highly anionic, was fused to either (-30)GFP or (+36)GFP and delivered
both protein fusions to HelL a cells. After washing away protein that may have adhered to cell
surface but did not enter the cell with PBS + heparin (20 U/mL), the cells were analyzed by
FACS for mCherry fluorescence 4 hours and 24 hours after treatment. It was observed that lipid-
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mediated delivery of (-30)GFP-fused mCherry results in only slight increases in cellular
mCherry fluorescence, whereas mCherry fluorescence upon delivery of (+36)GFP-mCherry was
generally > 100-fold higher (Figure 34(C)) suggesting that fusion to (-30)GFP does not cause
substantial amounts of protein cargo to enter the cell. Moreover, addition of lipids to (-30)GFP-
Cre did not measurably ater the GFP fluorescence signal (Figure 34(D)), despite the fact that
cationic lipids and anionic (-30)GFP clearly interact. Taken together, these results suggest that
the unusually high potency of lipid-mediated delivery of anionic proteins does not arise from
unusually high protein uptake in each cell, but rather from post-endocytosis processes that likely
include avoidance of protein degradation and endosomal escape into the cytoplasm.

Sensitivity limit of off-target cleavage assays

[00431] The sensitivity of the high-throughput sequencing method for detecting genomic
off-target cleavage islimited by the amount genomic DNA (gDNA) input into the PCR
amplification of each genomic target site. A 1ng sample of human gDNA represents only
approximately 330 unigue genomes, and thus only approximately 330 unigue copies of each
genomic site are present. PCR amplification for each genomic target was performed on atotal of
150 ng of input gDNA, which provides amplicons derived from a most 50,000, unique gDNA
copies, respectively. Therefore, the high-throughput sequencing assay cannot detect rare genome
modification eventsthat occur a afrequency of lessthan 1in 50,000 (0.002%). This limitis
noted in Table 2.

[00432] Taken together, these findings suggest that cationic lipid-mediated delivery of
genome-editing proteins can serve as apowerful tool and an in vivo strategy for the treatment of

genetic disease.

Conclusions

[00433] Efficient intracellular protein delivery in vitro and especially in vivo has been a
persistent challenge in biomedical research and protein therapeutics. While delivery using
cationic peptides and proteins has been widely studied for over two decades, sensitivity to serum
proteins, neutralization by antibodies, degradation by extracellular and intracellular proteases,
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and poor endosomal escape post-internalization have limited the scope of protein delivery
applications using that approach.

[00434] In the current Example, ageneral strategy for protein delivery that makes use of
anionic protein complexation with cationic liposomes is demonstrated. This method was used to
deliver diverse protein classes, including the Cre tyrosine recombinase, TALE transcriptional
activators, and Cas9 nucleases, nickases, and transcriptional activators (Figure 27(A)) to cultured
cell lines, stem cell colonies, and therapeutically relevant in vivo sites within the mouse inner ear.
The described approach is highly efficient, producing modification rates on par with established
nucleic acid transfection methods in cell culture, and enabling Cre recombinase and Cas9-
mediated genome modification rates of up to 90% and 20%, respectively, within the inner ear
hair cell population of live mice (Figures 32(C)-(D)). For Cas9 nuclease delivery, this approach
also typically results in >10-fold more specific genome modification than traditional plasmid
transfection (Figures 32(B-D)), likely due to the transient window of Cas9 activity to which each
genome is exposed (Figure 47) compared to DNA delivery methods, consistent with previous
reports.¢ These results also suggest that it may be possible to use cationic lipids to efficiently
deliver other nucleic acid-binding proteins, including transcription factors that induce
therapeutically relevant changes in cell fate, by complexing them with nucleic acids.

[00435] Cationic lipid-based anionic protein delivery outperforms apotent cationic protein
delivery fusion partner, (+36)GFP, by up to 9,800-fold per amount of endocytosed protein,
inducing more efficient modification of treated cells with orders of magnitude lower doses of
protein (Figures 28(C) 34). For Cas9 nuclease delivery, this approach also results in >10-fold
more specific genome modification than traditional plasmid transfection (Figures 31(B)-(D)),
likely due to the transient window of Cas9 activity to which each genome is exposed compared
to DNA delivery methods, consistent with previous reports.s!

[00436] The described approach is simple to implement, requiring only the purified
deliverable protein and the use of popular commercial nucleic acid transfection reagents (Figure
27(B)). Rendering a given protein amenable to this approach requires smple tranglational fusion
to ahighly anionic partner, such as (-30)GFP (Figure 27(A)), and is even effective with common
tranglational fusion tags including the VP64 activation domain, and the 3xFLAG affinity tag
(Figure 28(F) and Figure 33(C)). In certain cases, aswith the Cas9 protein, pre-complexation
with a cognate nucleic acid (sgRNA in this case) is sufficient (Figure 30(A)), asthe partialy
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exposed bound nucleic acid likely provides sufficient anionic charge to mediate complexation
with cationic lipids.

[00437] Others groups have reported the in vivo delivery of Cas9 expression constructs in
DNA or mRNA form.52's3 The present Example demonstrates that protein delivery is aviable
approach to in vivo genome editing. These results also demonstrate that cationic lipids can
efficiently deliver other proteins in vitro and in vivo, including natively anionic proteins or

proteins that can be fused or bound to polyanionic macromolecules.

Table 1.

EMX On GAGTCCGAGCAGAAGAAGAAGGG
(SEQ ID NO:209)

EMX Offl1 GAGgCCGAGCAGAAGAAagACGG
(SEQ ID NO:210)

EMX Off2 GAGTCCtAGCAGgAGAAGAAGaG
(SEQID NO:211)

EMX Off3 GAGTCtaAGCAGAAGAAGAAGaG
(SEQ ID NO:212)

EMX Off4 GAGTtaGAGCAGAAGAAGAAAGG
(SEQ ID NO:213)

VEGF On GGGTGGGGGGAGTTTGCTCCTGG
(SEQID NO:214)

VEGF_Offl GGaTGGaGGGAGTTTGCTCCTGG
(SEQ ID NO:215)

VEGF_Off2 GGGaGGGtGGAGTTTGCTCCTIGG
(SEQ ID NO:216)

VEGF_Off3 cGGgGGaGGGAGTTTGCTCCTGG
(SEQ ID NO:217)

VEGF_Off4 GGGgaGGGGaAGTTTGCTCCTGG
(SEQ ID NO:218)

CLTA On GCAGATGTAGTGTTTCCACAGGG
(SEQ ID NO:219)

CLTA_ Offl aCAaATGTAGTaTTTCCACAGGG
(SEQ ID NO:220)
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CLTA_Off2 cCAGATGTAGTalTcCCACAGGG
(SEQ ID NO:221)
CLTA_OfO CtAGATGaAGTGCTTCCACATGG

(SEQ ID NO:222)

PCT/US2015/058479

Table 1. On-target and known off-target substrates of Cas9:sgRNAS that target sitesin EMX,
VEGF, and CLTA. A list of genomic on-target and off-targets sites of the EMX, VEGF, and

CLTA are shown with mutations from the on-target sequence shown in lower case and bold.

PAMSs are shown in underline.

Table?2.

CLTA Sites
CLTA On
Indels

Total

Modified (%)
P-value

On:off specificity

CLTA Offl
Indels

Total

Modified (%)
P-value

On:off specificity

CLTA_Off2
Indels

Total

Modified (%)
P-value

On:off specificity

CLTA_OfO
Indels

Total

Modified (%)
P-value

On:off specificity

EMX Sites

EMX On

Indels

Total

Modified (%)
P-value

On:off specificity

EMX_Offl
Indels

Mock treatment
14

10000
0.140

41518
0.017

25338
0.020

41643
0.014

Mock treatment

3
10000

Plasmid transfection

1228
10000
12.280
<1.0E-300
1

29
205204
0.014
6.6E-01
869

11
83944
0.013
5.5E-01
937

22
189886
0.012
6.2E-01
1060

Plasmid transfection

930
10000
0.030
1.6E-264
1
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Protein: sgRNA délivery

1498
10000
14.980
<1.0E-300
1

14
125370
0011
4.5E-01
1341

54409
0.015
5.7E-01
1019

8

76863
0.010
5.8E-01
1439

Protein: sgRNA delivery

1140
10000
9.300
<1.0E-300
1
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Total

Modified (%)
P-value

On: off specificity

EMX_Off2
Indels

Tota

Modified (%)
P-value

On: off specificity

EMX_Off3
Indels

Tota

Modified (%)
P-value

On:off specificity

EMX_Off4
Indels

Tota

Modified (%)
P-value

On:off specificity

VEGF Sites
VEGF _On
Indels

Tota

Modified (%)
P-value

On:off specificity

VEGF_Offl
Indels

Tota

Modified (%)
P-value

On:off specificity

VEGF_Off2
Indels

Tota

Modified (%)
P-value

On:off specificity

VEGF_Off3
Indels

Tota

Modified (%)
P-value

On:off specificity

VEGF_Off4

24623

16
36061

20
32575

16

45548

M ock treatment

1

0.010

0.010

0.017

0.008

90935
<0.002
3.5E-01
1409

53
204068
0.044
6.4E-02
358

147
157848
0.061
8.1E-02
100

141
86586
0.035
2.8E-12
57

Plasmid transfection

989
10000
9.890
1.5E-285
1

4240
38625
2.297
<1.0E-300
4

727
30301
0918
4.7E-93
11

536
26379
0.483
2.0E-46
20
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100778
0.007
6.1E-01
1915

38
130084
0.026
18E-01
390

44
110878
0.093
13E-01
287

23
73451
0.163
7.4E-01
364

Protein: sgRNA déelivery

785
10000
7.850
5.7E-228
1

602
184554
0.394
3.7E-52
20

18
79164
<0.002
1.3E-04
3925

21
110902
0.022
2.0E-01
352
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Indels 0 1531 45
Totd 26012 122403

Table 2. Indel frequencies, P values, and on-target:off-target cleavage specificity ratios for
EMX, CLTA, and VEGF on-target sites and 11known off-target sites. CLTA sites: Total: total
number of sequence counts; only the first 10,000 sequences were analyzed for the on-target
site sequences. Modified: number of indels divided by total number of sequences as
percentages. Upper limits of potential modification were calculated for sites with no observed
indels by assuming there is less than one indel then dividing by the total sequence count to
arrive a an upper limit modification percentage, or taking the theoretical limit of detection
(1/49,500; see Results above), whichever value was larger. P-values: for mock treatment,
Cas9 plasmid transfection, and liposomal Cas9 protein:sgRNA delivery, P-values were
calculated asusing atwo-sided Fisher's exact test between each CL 7%targeted treatment
sample (either DNA transfection or protein:sgRNA delivery) versus the control sample (mock
treatment) treated with Cas9 protein and an sgRNA targeting EGFP. On:off specificity isthe
ratio of on-target to off-target genomic modification frequency for each site. EMX sites shows
the experimental and analytic methods of CLTA analysis applied to EMX target sites. VEGF
sites shows the experimental and analytic methods of CLTA analysis as applied to VEGF
target sites. Indel numbers in the mock treatment control were subtracted from both plasmid
transfection and protein:sgRNA delivery indel numbers for determining total number of indels
and for calculating on-target:off-target ratios in Figure 31in the main text and also for Figure
41.
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Q8WXI7 (MUC16;2,353,-426,-0.18)
Q8WXGY (GPR98;693,-412,-0.59)
Q8MJY 3 (PRUNE2;341 ,-348,-1.02)
Q8Wz42 (TTN;3,816,-344,-0.09)
P13611 (VCAN;373,-322,-0.86)
Q03001 (DST;861 ,-316,-0.36)
Q8NF9I (SYNEL:1,01 1,-315,-0.31)
Q8N3K9 (CMYAS;449,-312,-0.69)
Q8WN7 (RP1L1;261 -278,-1 .06)
Q8WXHO (SYNEZ2;796,-271 ,-0.34)
P16112 (ACAN;250,-269,-1 .07)
Q9MZW4 (DSPP;131 -266,-2.02)
QYUPN3 (MACF1 ;838,-263,-0.31)
Q14517 (FAT1;506,-256,-0.50)
Q685J 3 (MUC1 7;452,-255,-0.56)
P981 64 (LRP2;522,-243,-0.46)
QSTDW?7 (FAT3;506,-237,-0.46)
Q99996 (AKAP9;454,-233,-0.51)
Q6VOI7 (FAT4;543,-230,-0.42)
Q02952 (AKAP12;191 -226,-1.18)
Q9JKN1 (MUC12;558,-226,-0.40)
QYH251 (CDH23;369,-223,-0.60)
QO1 454 (ANK2;434,-212,-0.48)
P21817 (RYR1;565,-207,-0.36)
Q14789 (GOLGB1 ;376,-205,-0.54)
Q6V1PY (DCHS2;322,-202,-0.62)
QIMYQ8 (FAT2;479,-199,-0.41)
P48681 (NES;177,-199,-1 .12)
Q9MZR2 (LRP1 B;515,-196,-0.38)
Q9Y6R7 (FCGBP;572,-184,-0.32)
095359 (TACC2;309,-183,-0.59)
Q9MU22 (MDN1 ;633,-180,-0.28)
Q07954 (LRP1 ;505,-1 78,-0.35)
Q72627 (HUWEL1 ;482,-1 73,-0.35)
Q5VST9 (OBSCN;868,-1 73,-0.19)
P78559 (MAP1A;305,-170,-0.55)
P46821 (MAPI B;271 -169,-0.62)
P49454 (CENPF;368,-169,-0.45)
Q86XX4 (FRASI ;443,-168,-0.37)
Q8NFC6 (BOD 1L1;330,-162,-0.49)
Q96J QO (DCHS1 ;346,-1 62,-0.46)
094S54 (KIAA0754;135,-162,-1 .19)
E2RYF6 (MUC22;173,-161 ,-0.92)
015069 (NACAD;161 ,-160,-0.99)
Q5SZK8 (FREM2;351 ,-158,-0.44)
QaVF2 (AHNAK2;61 7,-157,-0.25)
P23327 (HRC;80,-157,-1 .95)
QaWu2 (LMTK2; 165,-156,-0.94)
P0O2549 (SPTA1;280,-153,-0.54)
014686 (KMT2D;593,-148,-0.24)
Q128BB (TP53BP1 ;214,-148,-0.69)
Q93V73 (CEP250;281 -144,-0.51)
P22105 (TNXB;464,-144,-0.31)
09561 3 (PCNT;378,-142,-0.37)
P46939 (UTRN;394,-142,-0.35)
P23471 (PTPRZ1 ;255,-139,-0.54)
QOVD83 (APOBR;1 15,-138,-1 .20)

Q8N4C6 (NIN;243,-1 38 -0.56)
Q13023 (AKAP6;257,-1 37,-0.53)
P35556 (FBN2;315,-137,-0.43)
Q5J RA6 (MIA3;214,-136,-0.63)
Q15413 (RYR3;552,-1 35,-0.24)
Q75N 90 (FBN3;300,-1 34 ,-0 44)
0e0494 (CUBN;399,-133,-0.33)
P35555 (FBN1 ;312,-132,-0.42)
Q70CQ2 (USP34;404,-131 ,-0.32)
Q8NDA2 (HMCN2;543,-128,-0.23)
P12270 (TPR;267,-127,-0.47)
Q3T8J 9 (GON4L;249,-126,-0.50)
P46531 (NOTCH 1;273,-1 25,-0.45)
A2VECY (SSPO;548,-125,-0.22)
QazL8 (PELP1;120,-122,-1.01)
04371 9 (HTATSF1 ;86,-122,-1 .42)
Q92736 (RYR2;565,-1 19,-0.21)
Q12802 (AKAP13;308,-1 18,-0.38)
Q9MRO9 (BIRC6;530,-1 18,-0.22)
P11137 (MAP2;200,-1 18,-0.59)
Q04721 (NOTCH2;265,-1 17,-0.44)
P49321 (NASP;85,-1 15,-1.34)
Q7Z5P9 (MUC19;598,-1 15,-0.19)
ABH8Y1 (BDP1 ;294,-1 14,-0.38)
QYHOE9 (BRDS;135,-1 14,-0.84)
P24821 (TNC;241 -114,-0.47)
B4DH59 (NBPF26;104,-1 14 ,-1.09)
P58107 (EPPK1 ;556,-1 13,-0.20)
Q5H9TY (FSCB;88,-1 13,-1.28)
Q4GOP3 (HYDIN;576,-1 13,-0.19)
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PODJD8 (PGA3;42,-21 ,-0.50)
Q8NFH3 (NUP43;42,-21 ,-0.49)
QaxXS6 (PALM2;42,-21 ,-0.49)
Q9HBYO (RRAGC;44,-21 ,-0.47)
P49354 (FNTA;44,-21 ,-0.47)
095810 (SDPR;47,-21 ,-0.44)
QYH4B7 (TUBBL ;50,-21 ,-0.41)

P 16870 (CPE;53,-21 ,-0.39)
Q8VWVUS (TCP1 1;56,-21,-0.37)
Q13596 (SNX1 ;59,-21 ,-0.35)
Q8N239 (KLHL34;71 ,-21,-0.29)
Q8N4 (GOLGA6L2;79,-21 ,-0.26)
QOZGT2 (NEXN;81 ,-21,-0.26)
Q8N5V2 (NGEF;82,-21 ,-0.25)
Q9JMQ6 (CAPN1 1;84,-21 ,-0.24)
POC869 (PLA2G4B;88,-21 ,-0.23)
P57737 (CORO7;101 ,-21,-0.20)
P401 89 (IL6ST;104,-21 ,-0.20)
Q9HBJ 7 (USP29;104,-21 ,-0.20)
Q93084 (ATP2A3; 114,-21 ,-0.18)
Q13797 (ITGAY;1 14 ,-21,-0.18)
Q711QO (C100rf71 ;156,-21 ,-0.13)
Q9HOJ 4 (QRICH2;181 ,-21 ,-0.1 1)
Q9HBAY (PCNXL3;222,-21 ,-0.09)
Q63HQO (AP1AR;34,-20,-0.58)
Q1301 7 (ARHGAPS5;1 72,-20,-0. 11)
Q9Y2YO (ARL2BP; 19,-20,-1 .06)
P2002D (ATP2B1 ;139,-20,-0. 14)
Q14692 (BMS1 ;146,-20,-0.13)
Q96Q07 (BTBDY;69,-20,-0.28)
014936 (CASK;105,-20,-0.19)
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Q14790 (CASP8;55,-20,-0.36)
P41180 (CASR;121 ,-20,-0.16)
Q9ULG6 (CCPG1 ;87,-20,-0.22)
Q6ZTQ4 (CDHR3;98,-20,-0.20)
Q7C6Y1 (CREB3L2;57,-20,-0.34)
Q99062(CSF3R;92,-20,-0.21)
Q9BQY9 (DBNDD2;28,-20,-0.72)
Oo 273 (DFFA;37,-20,-0.54)
QOVDDS8 (DNAH 14;400 ,-20,-0.05)
Q9BV94 (EDEM2;65,-20,-0.30)
Q3B7T1 (EDRF1;139,-20,-0.14)
QYHC35 (EML4;109,-20,-0.18)
Q8TC92 (ENOX1;73,-20,-0.27)
080/11 (EXOC3L1 ;82,-20,-0.24)
A1A51 9 (FAM170A;37,-20,-0.53)
Q9JLE4 (FAM184B;121 ,-20,-0.16)
Q6UN15 (FIP1L1;67,-20,-0.30)
Q92949 (FOXJ1;45,-20,-0.44)
QOD2H9 (GOLGAS8DP;48,-20,-0.41 )
QOB8%:F8 (GOLGASF;;48,-20,-0.41 )
Q9MPB8 (GPCPD1 ;76,-20,-0.26)
Q9HCN4 (GPN1 ;42,-20,-0.47)
Q86UP8 (GTF2IRD2;107 ,-20,-0.18)
Q15034 (HERC3;117,-20,-0.17)
Q5GLZ8 (HERC4;1 19,-20,-0.16)
014879 (IFIT3;56,-20,-0.35)
P146l6 (INSRR;144,-20,-0.13)
Q8TB93 (ITFG1 ;68,-20,-0.29)
QYUKP3 (ITGB1 BP2;38,-20,-0.52)
Q7Z5Y7 (KCTD20;47,-20,-0.42)
094889 (KLHL18;64,-20,-0.31)
Q9UJ P4 (KLHL21 ;67,-20,-0.30)
076009 (KRT33A;46,-20,-0.43)
07e01 3 (KRT36;52,-20,-0.38)
043283 (MAP3K13; 108,-20 ,-0. 18)
Q8lw19 (MGA;332,-20,-0.06)
Q13434 (MKRN4P;53,-20,-0.37)
ABMES4 (MROH2A;193,-20,-0. 10)
015394 (NCAM2;93,-20,-0.21)
Q14934 (NFATC4;95,-20,-0.20)
Q00653 (NFKB2;97,-20,-0.20)
Q8N2Q7 (NLGNL1 ;94,-20,-0.21)
Q8NFz3 (NLGN4Y;92,-20,-0.21)
Q96SU4 (OSBPLY;83,-20,-0.24)
Q9Y5B6 (PAXBP1;105,-20,-0. 19)
QeUXBS8 (PI16;49,-20,-0.40)
Q9?09 (PKD2L1 ;92,-20,-0.21)
Q13401 (PMS2P3;19,-20,-1 .06)
P61218 (POLR2F;14,-20,-1 .38)
Q93zL4 (PPP1R12C;85,-20,-0.23)
Q9MQV6 (PRDM10;130,-20,-0. 15)
Q9Y6C5 (PTCH2; 131 ,-20,-0. 15)
Q15185 (PTGES3;19,-20,-1 .06)
Q15269 (PWP2;102,-20,-0. 19)
Q9?0K7 (RAI14;1 10,-20,-0.18)
P78332 (RBM6;129,-20,-0.15)
014715 (RGPDS;199,-20,-0.10)

075056 (SDC3;45,-20,-0.43)
Q99574 (SERPINI 1;46,-20,-0.43)
Q9Y9 25 (SESN1 ;57,-20,-0.35)
Q96HUL (SGSM3;85,-20,-0.23)
Q8N1H7 (SIX60S1 ;68,-20,-0.29)
Q0J841 (SLC4A10;126,-20,-0.15)
Q8TBB6 (SLC7A14;84,-20,-0.23)
ABNFE 2 (SMC02;39,-20,-0.50)
Q93XP5 (SRRT;101 ,-20,-0.19)
Q8MFI4 (ST13P5;41 ,-20,-0.48)
Q5T4T6 (SYCP2L;94,-20,-0.21)
Q15545 (TAF7;40,-20,-0.49)
Q93Q87 (TBL1Y;57,-20,-0.35)
094842 (TOX4;66,-20,-0.30)
095361 (TRIM16;64,-20,-0.31)
Q8NB14 (USP38;1 17,-20,-0.17)
P19320 (VCAM1 ;81 ,-20,-0.24)
QIMNX9 (VCX3A;20,-20,-0.99)
QaWAO (WDR75;94,-20,-0.21)
Q9MQW?7 (XPNPEP1 ;70,-20,-0.28)
P25490 (YY1 ;45,-20,-0.44)
Q8TF50 (ZNF526;74,-20,-0.27)
ATE 2v4 (ZS\WIM8;197,-20,-0.10)
Q5MJ09 (SPANXNS; 16,-20,-1 .28)
Q9HCU9 (BRMS1 ;28,-20,-0.70)
PO6870 (KLK1 ;29,-20,-0.69)
I3L3R 5 (CCER2;30,-20,-0.65)
Q7Za0O(PRRT2;35,-20,-0.57)
Q8SYD5 (LDLRAD3;37,-20,-0.53)
Q5PSV4 (BRMSL L;38,-20,-0.53)
Q53T59 (HS1 BP3;43,-20,-0.46)
Q9JINH6 (SNX7;45,-20,-0.44)
Q98C92 (SDCCAG3;48,-20,-0.41 )
Q8TAK5 (GABPB2;49,-20,-0.41 )
P35557 (GCK;52,-20,-0.38)
P45452 (MMP13;54,-20,-0.37)
Q16322 (KCNA10;58,-20,-0.34)
P55259 (GP2;59,-20,-0.33)
Q9V6K 8 (AK5;63,-20,-0.31)
Q5TAAO (TTC22;63,-20,-0.31)
Q8WXK1 (ASB15;66,-20,-0.30)
Q6TGC4 (PADI6;78,-2