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FROTEIN ENRICHED MICROVESICLES AND METHODS OF MAKING
AND USING THE SAME

BACKGROUND

Cell modification finds use in a variety of different applications, including research,
diagnostic and therapeutic applications. Cell modification may be achieved using a number
of different approaches, including the introduction of exogenocus nuclelc acids andfor
proteing into a cell,

Protein delivery, which is known in the art as protein transduction, is the process by
which a peptide or protein motif is delivered across the plasma membrane inio the cell,
Frotein delivery methods include micro-injection and electroporation. Protein delivery
methods also include: transfection by forming complexes with lipid-based reagents;
transfection by forming complexes with polymer or peptide based reagents; direct addition
through inclusion of a peplide fransduction domain {(PTD) {o the protein of interest; virus like
particle mediated introduction; and exosome mediated protein introduction.

One drawback of the current methods of prolein delivery is the requirement to
produce a stock of purified proiein for iransfection info the desired target cell. Standard
methaods for the production of recombinant protein can present issues with solubility, vield,
correct folding and post-transiational modifications. These methods also do not allow for the
delivery of recombinant membrane proteins. Many of these factors are important because
they directly relate 1o the activity of the protein (o be transfected. The activity of the protsin
has the highest priority for direct delivery so that the delivered protein will exert an sffect on
a cell.

Ancther drawback to the current methods lies in the delivery itself. Both the lipid and
polymer/peptide based transfection methods have issues with protein specific packaging
efficiency due to unfavorable charge differences as well as inefficient delivery and toxicity.
Electroporation also has been shown 1o have issues with toxicity, high level of inconsistency
and a lack of conirol over the profein amount delivered. inclusion of a PTD is known to
cause aggregation and precipitation which can adversely affect delivery efficiency. Lastly,
delivery of proteins in virus like particles (VLFs) reguires that immune response-generating

viral capsid proteins are used for packaging.

Brier DESCRIPTION OF THE FIGURES
FIG. 1A is a schematic showing the workilow for producing microvesicles of the first
aspect of the invention. FiGs. 1B-1D show the vecior maps of the Cas8 microvesicle
packaging mix {(pDmrC Casf, 18; pCherry Picker DmrA, 1C; and pVEV-G, 1D}
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FIG. 2A illustrates the packaging of a cargo protein of inferest into microvesicles of
the invention in the presence of a dimer-/multimer-ization inducing compound (A/C
heterodimerizer). FIG. 2B Is a schematic iliustrating the packaging of a cargo protein of
interest into microvesicles of the invention in the absence of a dimer-/muitimer-ization
inducing compound.

Fic. 3 is a western blot showing how active packaging of a protein of interest into
microvesicies of the invention via compound-induced dimerization/multimerization increases
the amount of the protein of inferest that can be packaged.

FIG. 4A provides a schematic for a genomically integraled LacZ reporter cassetie in
which exprassion of the LacZ reporter is blocked by the presence of a translational stop
cassetie, flanked by LoxP sites. When Cre is provided o the cells, for example via
microvesicies of the invention, the Gre protein will induce removal of the stop cassetle via
recombination belween the flanking LoxP sites, thus allowing expression of the Lacd
reporter; tuming the cells blue in the presence of appropriate subsirate. FIG. 48 shows thai
rhabdomyosarcoma cell line harboring an integrated LacZ reporter cassetie as described
was treated with Cre containing microvesicles of the invention that had been produced sither
in the presence or absence of the dimer-/multimer-ization agent. Only in the case of cells
treated with microvesicles made in the presence of the dimer-/multimer-ization agent has
sufficient Cre present 1o cause activation of the LacZ cassetle, aliowing the cells {o tum blue
{see bollom panel).

FIG. 5A Is a schematic outlining a method for readily screening targeted knockout
induced by Cas8 using a cell ling engingerad 1o express a single copy of an AcGFP
exprassion cassette. Ordinarily, this csll lins will express the AcGFP fluorescent protein and
thus display a green fluorescenss signal by floweyiometry. When the cell contains a
CasB/sgRNA complex targeting the AcGFP reporter, this will cause a frameshift in the
ACGFP cassette, resulting in a loss of expression and hence loss of flucrescence. FIG. 5B
provides example flow cytometry profiles of cells either expressing AcGFP or not, showing
how the differences in expression can be detecied by flow cytometry.

FIG. 6 is a schematic iilustraling a gene targeting experiment in which the sgRNA
and CasY are provided fo the targst cell separately. While the sgRNA is provided via an
gxprassion plasmid, the Cas? is provided using microvesicles of the invention packaged in
the presence of the A/C heterodimerizer,

FiG. 7 shows the results of a flow cyiometry analysis of an AcGFP reporter cell line
before and gfter delivery of an sgRNA targeting AcGFP, wherein the sgRNA is provided via
plasmid fransfaction, and CasB-NLS-DmrC protein is provided via microvesicles.

FiG. 8A provides the nudeotide sequence (SEQ 1D NO: 1) of one sgRNA scaffold of

use in praclicing the invention. FIG. 8B provides the nuclectide sequence (BEQ 1D NO: 2) of
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a second sgRNA scaffold of use in praclicing the invention. in both cases the string of 20
‘N's represent the variable quide seguence — specific to the target gene of interest,

Fis. 8 shows the knockout efficiencies oblained using Cas protein, delivered via
the microvesicies of the invention, in conjunction with each of the two example sgRNA
scaffolds as depicted in FIG. 8A and FIG. 8B.

FIG. 10 illustrates the packaging of an RNA/protein complex {CasB/sgRNA) into
microvesicles of the invention using the A/C dimer- / multimer-ization compound.

FIG. 11 illusirates the delivery of a Cas8/sgRNA complex via microvesicles of the
invention into a target cell.

FIG. 12 shows the resulis of a flow cvtometry analysis of an AcGFP-reporter cell line
before (left panel} and after (right panel) delivery of a Cas8/sgRNA complex via
microvesicles of the invention; demonsirating the effective knock-out of the AcGFF gene.

FIG. 13 shows an experiment whereby knockout of the endogenous CD81 gene in
Hel.a cells was obtained using microvesicies of the invention containing an CasB/sgRNA
complex, whergin the sgRNA is targeting the CD81 gene.

FiG 14 Hllustrates the packaging of 2 RNA of interest containing a stem loop repeat
specifically interacting with the MS2 coal protein. This cargo protein/ RNA complex is
packagead into microvesicles in the presence of a dimer-/multimer-ization inducing compound

{(AC heterodimerizer).

DeETALED DESCRIPTION OF THE INVENTION

Protein enriched microvesicles and methods of making and using the same are
provided. Also provided are cells, reagents and kits that find use in making the
microvesicies, as well as methods of using the microvesicles, e.g., in research and
therapsutic applications.

The first aspsact of the invention is directed 10 a microvesicle comprising: (Y a
membrane-associated protein comprising at lsast one first dimerization domain, and (i) a
nuclease protein comprising at least one second dimerization domain. In a preferred
embodiment, the nuclease is selected from the group consisting of a Cas protein, and
Argonaute nuclease,

The present invention provides a nuclease-enriched microvesicles. By "nuclease-
gnriched microvesicle” is meant a non-csliular fusogenic siructure that includes an amount
of one or more nucieases inside a lipid bilayer envelope. As used herein, the term
"fusogenic® refers o the property of the microvesicle which provides for the fusion of the
membrane of the microvasicles 1o the membrane of the target cell. As the microvesicies are
fusogenic, they are capable of fusion with the lipid bilaver membrane of a targst cell i
deliver their contents, including the nuciease protein(s), into the cell
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Membrane-Associated Profein that includes a First Dimerization Domain

Cells employed in methods of making microvesicles include a membrane-associated
protein having a first dimerization domain. The cell may include any convenient membranse-
associated protein that includes a first dimerization domain. A membrane-associaled profein
is a protein that is capable of stably associating with, e.q., via a binding interaction, the
membrang of a microvesicle, where the membrane-associated protein, when assoclated with
a microvesicle membrane, may be configured so that the dimerization domain contacts the
cytosol of the microvesicle. Membrane-associated proteins may vary in size including
peplides, ranging in some instances from 500 Da fo 250k Da, such as 10k Da to 100kDa
and 12k Da to 50kDa.

The membrane-associated protein may be modified to include a single dimerization
domain or two or more dimerization domains {e.g., as described in greater detail below). In
SOmMe cases, two or more membrane-associated proteing may be included in the subject
cells and microvesicles. Each of the two or more membrane-associated proteins may
independently includs a dimerization domain for forming a dimerized complex with a
nuclease protein,

Membrane-associated proteins of interest include, but are not limited to, any protein
having a domain that stably associates, e.g., binds o, integrates into, eic., a cell membrane
{i.2., a membrane-association domain), where such domains may include myristoviated
domains, farmesylaled domains, fransmembrane domains, and the like. For example, a
protein can be localized at the plasma membraneg via myristoylation. Specific membrane-
associated proteins of interest include, but are not limited to: myristoylated proteins, e.g.,
pBa v-sre and the like; farnesylated proteing, e.¢., Ras, Rheb and CENP-EF, proteins
binding specific lipid bilayer components e.g. AnnexinV, by binding to phosphatidyl-serine, a
lipid component of the cell membrane bilayer and the like; membrane anchor protains;
transmembrane profeins, e.q., transferrin receptors and portions thereof and CherryPicker (a
transmembrane red fluorescent protein, Clontech); viral membrane fusion proteins, e.g., as
described below, VEV-G, and the like.

Membrane-gssociated proteins of inlerest, in addition o including a membrane-
association domain, aiso include a first dimerization domain. The first dimerization domain
may vary widely, and may be a domain that directly binds to a second dimerization domain
of a nuclease prolein or binds to a second dimerization domain via a dimerization mediator,
e.g., as described in greater detail below. A given membrane-associated protein may
include a single type of a given domain {e.q., dimerization domain, membrang associated
domain, etc.) or muttiple copiss of a given domain, €.g., 2 or more, 3 or more, eic.; andfor

muitiple different dimerization domains, as desired. Additional domains may be presentin a
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given membrane associated profein molecule, e.q., linker domains, detection domains (e.g.,
fiuorescent proteins, other enzymatic reporiers such as Luciferase and the like), sic., as
desired. In a given membrane associated protein, the membrane association domain and
dimerization domain{s) may be heterclogous {0 each other, such that they are not naturally
associated with sach other. As such, the membrane associated protein of such
embodimentis is not a naturally occurring protein.

The cell may include a single membrang-associated protein or two or more distingt
membrans-associated proteins, e.g., where two or more distinct nuclease proteins are
desired o be packaged into a microvesicle. As such, a microvesicle producing cell according
to aspects of the invention may include a single membrane-associated protein or two or
more different membrane-associated profeins of differing seguence, e.g., 3 ormore, 4 or
more 5 or more, elc., where in some instances the number of distinct membrane-associated

proteing of differing sequencs ranges from 1 1o 10, such as 1 1o 5, including 1 to 4.

Nuclease Protein

The microvesicles described hergin may include any desired nucleass. In some
instances, the nuclease is a nucleic acid guided nuciease. As used herein, a “nucleic acid
guided nucleaseg” is a nucleass that is quided {0 a target nucleic acid by a guide nuclsic acid.
The nucleic acid guided nuclease may have nuclease/deavage activity (e.g., calalyzes the
hydrolysis of a target nucleic acid {e.g., a target DNA, a target RNA, efc.) into two or more
products.

in ceriain aspects, the nudleic acid guided nuclease includes a nucleic acid guids
component and a nuclease componsnt, where these two components are stably associated
with each cther. Any suitable nuclease component may be emploved by a praciitioner of the
subject methods. The nuclease component may be a wild-type enzyme that exhibits
nuclease activity, or a modified variant thereof that may or may not retain its nuclease
activity. In other aspecis, the nuclease component may be a non-nuciesase protsin
operatively linked to a heterologous nuclease {or “cleavage”} domain, such that the protein is
capable of cleaving the target nucleic adld by virtue of being linked {o the nuclease domain.
Such a strategy has been successiully emploved o confer nuclease aclivily upon zine finger
and transcription-activator-like effector (TALE) proteins (o generate zinc finger nucleases
and TALENSs, regpectively, for genomic engineering purposes (ses, e.g., Kim et al. {1986)
PNAS 83(31:1156-1180, and US Palent Application Publication Numbers US2003/0232410,
US2005/0208489, US2006/0188087, US2006/0063231, and US2011/0301073). According
to certain smbodiments, the nuciease domain is derived from an endonuclease.
Endonucleases from which a nuclease/cleavage domain can be derived include, but are not

limited to: a Cas nudleass {e.9., a CasY nuclease), an Argonaute nuclease {e.g., Tth Ago,
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mammalian Ago2Z, etc.}, 31 Nuclease; mung bean nuclease; pancreatic DNase |
micrococcal nuclease; yeast HO endonuclease; a restriction endonuciease; a homing
endonucleass; and the like; see also Mishra (Nudleases: Molecular Biclogy and Applications
{2002} IBBN-10: 0471354610).

According o certain embodimenis, the nucleic acid guided nuclease includes a
CRISPR-associaled (or “Cas”) nuclease. The CRISPR/Cas system is an RNA-mediated
genome defense pathway in archaea and many bacteria having similarities to the eukaryotic
RNA interference {(RNAI) pathway. The pathway arises from fwo evolutionarily {(and often
physically) linked gene loch the CRISPR (clustered regularly interspaced short palindromic
repeats) locus, which encodes RNA components of the system; and the Cas (CRISPR-
associated) locus, which encodes proteins.

There are three types of CRISPR/Cas sysiems which all incorporate RNAs and Cas
proteins. The Type | CRISPR system carrias out double-strand breaks in larget DNA in four
seguential steps. First, two non-coding RNAs {the pre-crRNA array and tracrRNA), are
franscribed from the CRISPR locus. Second, tracrRNA hybridizes o the repeat regions of
the pre-arRNA and mediates the processing of pre-crRNA into mature crRNAs containing
individual spacer sequencas. Third, the mature orRNAtracrRNA complex directs Cas8 {o the
target DNA via Watson-Crick base-pairing between the spacer on the ¢rRNA and the
protospacer on the target DNA next io the protospacer adjacent motif (PAM), an additional
requirement for fargetl recognition. Finally, Cash mediates cleavage of target DNA 1o creale
a double-siranded break within the prolospacer.

CRISFR systams Types | and Il both have Cas endonucieases that process the pre-
crRNAs, that, when fully processed info orRNAs, assembie a multi-Cas protein complex that
is capable of cleaving nudieic acids that are complementary 1o the crRNA. In type
CRISPR/Cas systems, crRNAs are produced by a mechanism in which a frans-activating
RNA (fracrRNA) complementary (o repeat sequences in the pre-crRNA, triggers processing
by a double strand- specific RNase il in the presence of the Cash protein. Casd is then able
to cleave a target DNA that is complementary to the maturg orRNA in a manner dependent
upon base-pairing belween the ¢rRNA and the target DNA, and the presence of a short motif
in the orRNA referred to as the PAM sequence (prolospacer adjacent motif),

The requirement of a crRNA-tracrRNA complex can be avoided by use of an
engineerad fusion of crRNA and fracrRNA {o form a "single-guide RNA” {sgRNA) that
comprises the hairpin normally formed by the annealing of the orRNA and the tracrRNA.
See, 8.q., Jingk el al. (2012) Science 337:816-821; Mali et al. (2013) Science 339:823-826;
and Jiang et al. (2013) Nafure Biotechnology 31:233-238. The sgRNA guides Cas9 to cleave
target DNA when a double-stranded RNADNA heterodimer forms between the Cas-

associated RNAs and the target DNA. This system, including the Cas® protein and an
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enginesred sgRNA containing a PAM seguence, has been used for RNA guided genome
editing with editing efficiencies similar to ZFNs and TALENs. See, e.q., Hwang et al. (2013}
Nature Biotechnology 31 (3):227.

According to certain embodiments, the nucleass component of the nucleic acid
guided nuclease is 3 CRISPR-associated protain, such as a Cas protsin, Non-limiting
gxamples of Cas proteins include Casi, CastB, Cas?, Casl, Casd, Cash, Cash, Cas?,
Cas8, Cas¥ (alse known as Csnt and Csx12), Casi(, Ceyl, Csv2, Csy3, Csel, Csel, Cset,
CscZ, Csad, Csn2, Csm2, Csm3, Csmd, Camb, Csmé, Cmrt, Cmir3, Cmrd, Cmrd, Cmr,
Csb1, CsbZ, Csb3, Csx17, Csx14, Csxi(, Cax16, CsaX, Csx3, Csx1, Csx15, Csit, Csf2,
Csf3, Csfd, homologues thereof, or modified versions thergof. In ceriain aspecls, the
nuclease component of the nucleic acid guided nuclease is Cast. The Cas? may be from
any organism of interest, including but not limited to, Streplococcus pyogenes (“spCasy’,
Uniprot QO92ZW2) having a PAM sequence of NGG; Neisseria meningitidis (‘'nmCasb”,
Uniprot C65583) having a PAM sequence of NNNNGATT; streptococcus thermophilus
{“stCas8”, Uniprot Q5M542) having a PAM sequence of NNAGAA, and Treponema denticols
{"tdCas¥”, Uniprot M2B8UD) having a PAM sequence of NAAAAC. An exampie nucleic acid
guided nuclease thal includes a Cas® nuciease and a sgRNA guide component, in which the
sgRNA guide component is aligned with a complementary region of a gengralized target
nucleic acid.

in cerlain aspects, the nuclease component of the nucleic acid guided nuclease is an
Argonaute (Ago) nuclease. Ago proteins are a family of evolutionarily conserved proteins
central o the RNA interference (RNAJ) platform and microRNA (miRNA) function and
biogenesis. They are best known as core components of the RNA-induced silencing
complex (RISC) required for small RNA-mediated gene regulatory mechanisms. In post-
franscriptional gene silencing, Ago guided by a small RNA {(e.g., siRNA, miRNA, piRNA, elc.}
hinds [0 the complementary transcripts via base-pairing and serve ags platforms for recruiting
proteins to facilitate gene silencing.

Mammals have eight Argonaute profeins, which are divided into two subfamilies: the
Piwi clade and the Ago clade. Of the wild-type Ago proteins (Ago1-4, or EIFZ2C1-4), only
Ago?d has endonuclease activily. The orystal structure of full-length human Ago? (Uniprot
QOUKWVE) has been solved. See, e.q., Elkayam et al. (2012) Celf 150{1):100-110. Similar to
the bacteria counterpart, human AgoZ is a bilobular structure comprising the N-terminal (N},
FAZ, MID, and PIW! domains. The PAZ domain anchors the 3'end of the small RNAs and is
dispensable for the calalytic aclivity of Age2. However, PAZ domain delelion disrupls the
ability of the non-catalytic Agos 1o unwind small RNA duplex and to form functional RISC.

When the nucleass component of the nudlsic acid guided nuclease is an Ago

nuclease, the nuclease may be derived from any suitable organism, such as a prokaryotic or
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eukaryolic organism. In cerlain aspecls, the Ago is a prokaryolic Ago. Prokaryolic Agos of
interest include, but are not limited to, Thermus thermophiles Ago ("Tth Age”). DNA-guided
DNA interference in vivo using Tth Ago and 5-phosphorylated DNA guides of from 13-25
nucleotides in length was recently described by Swarts et al. (2014} Nature 507:258-261.

In some instances, the nuclease protein (5) is an endogenous protein. In some
instanceas, the nuclease protein is a heterologous protein. As used herein, the term
“heterologous” means that the protein is not expressed from a gene naturally found in the
genome of the celi used 10 produce the microvesicle. The nuciease protein may also be a
mutant of the wild-typs protein, such as a deletion mutant or a point mutant and may show a
gain of function or loss of function for example a dominant negative mutant of the wild-type
protein. Nuclease proteins may also be chimeras ¢f one of more protein domaing so as o
generate a nuclease protein of novel function — similar to other chimeric proteins — .., a
Tet Transactivator, which is a fusion of a tef repressor domain and a transactivation domain
{0 create a novel franscriptional regulator or proteins oblained via domain swapping efc. In
certain embodiments, the nuclease protein does not include any viral membraneg fusion
protein or any fragment of a viral membrang fusion protain or derivatives retaining fusogenic
properties.

In some instances, the nuclease component may include a nuclear localization
signal, NLE. A "nuclear localizing seguence” is an amino acid sequenoce which acts like a
‘tag” on the exposed surface of a protein. This sequence is used 1o target the protein (o the
ceil nucleus through the Nuclear Pore Complex and fo direct a newly synthesized protein
into the nucleus via ils recognition by cytosolic nuclear transport receptors. Typically, this
signal consists of one or more short seguences of positively charged lysines or arginines.
Different nuclear localized proteins may shareg the same NLS. An NLE has the opposite
function of a nuclear export signal, which targets proteins out of the nucleus. Functional
assays o determine whether a protein domain is capable of acting as a nuclear localizing
sequence arg known 1o the person skilled in the arl. For example, a protein that yields a
detectable signal, e.g. a fluorescent signal, such as green flucrescent protein and variants
thereof, may be expressed within a cell. In one experiment, said protein is expressed without
the potential NLS. In ancther experiment, said protein is expressed in a fusion protein with
the polential NLS. The subceliular localization of the proteins can be observed by using a
micrascope. If the fusion protein comprising the polential NLS is present in the nuclsus to a
higher degree as compared the protein lacking the potential NLS, the potential NLS is
indeed capable of acting as an NLS. Any convenient NLS may be employed which mediates
nuclear fransport into the nucleus, wherein deletion of the NLS prevenis nuclear transport. In
some embodiments, a NLS is a highly cationic peptide. Any convenient NLS sequence may

be emploved, including but not limited to, SV40 virus T-antigen. NLSs known in the arl
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include, but are not limited o those discussed in Cokol et al., 2000, EMBO Reporis,
1{5%411-415, Boulikas, T., 1893, Crit. Rev. Eukaryol. Gene Expr., 3:183-227, Collas, P. st
al., 1896, Transgenic Research, 5: 451-458, Collas and Alestrom, 1987, Biochem. Cell Biol.
75: 633-640, Collas and Alestrom, 1998, Transgenic Resarch, 7: 303-308, Collas and
Alestrom, 1956, Mol. Reprod. Davel., 45:431-438, all of which disclosuras of NLSs therein
arg incorporated by reference hergin.

The cell may include a single nuclease protein or two or more distinct nuclease
proteins of differing sequence which are desired 1o be packaged into a microvesicle. As
such, a microvesicle producing cell according 1o aspects of the invention may include a
single nuclease protein or two or more distinet nuclease proteins of differing sequence, 2.g.,
3 or more, 4 or more 5 or more, efc., where in some instances the number of distinct
nuclease proteins ranges from 1 to 16, such as 1 to 5, inciuding 1 to 4.

Nuclease proteins according o the smbaodiments of the invention include a second
dimerization domain. The second dimerization domain may vary widely, where the second
dimerization domain is a domain that dimerizes {e.q., stably associates with, such as by non-
covalent bonding interaction, either directly or through a mediator) with the first dimerization
domain of the membraneg associated protein, either directly or through a dimerization
madiator, €.q., as described in greater detail below. A given nuclease protein may include a
single type of a given domain (g.g., dimerization domain) or muitiple copies of a given
domain, e.g., 2 or more, 3 or more, etc. Additional domains may be present in a given
nuclease protein molecule, .g., linker domains, elc., as desired. In a given nuclease
protein, the protein domain and dimerization domain{s) may be heterciogous o each other,
such that they are not naturally associated with each other. As such, the nuclease protein of

such embaodiments is not a naturally occurring protein.

Dimerization Domains

in ong embodiment, the membrane-associated protein comprising at least one first
dimerization domain, and the nuclease protsin comprising at least one second dimerization
domain, are bound to each other through the first and the second dimerization domain and
form a multimerized complex. In the multimer complex, in general n=2-10, preferably n=2-3,
2-4, or 2-5. For exampis, the multimer is a dimer, trimer, or a tetramer.

The dimerization domains of the membrang-associated and nuclease proteins may
vary, where these dimerization domains may be configured o bind directly to each other or
through a dimerization mediator, e.g., as described in greater detail below. Since the
membrane-associated and nuclease protain each include both a membrane-associated
domain or nuclease protein domain, respectively, and a dimerization domain, they may be

viewed as chimeric proteins or fusion proleins having at least two distinct heterologous
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domains which are stably associated with each other. By "heterclogous’, it is meant that the
at least two distinct domains of these chimeric proteins do not naturally occur in the same
molecule. As such, these chimeric proteins are composed of at least two distinct domains of
different origin. As the two domains of these proteins are stably associated with each other,
they do not dissociate from each other under cellular conditions, e.g., conditions at the
surface of a cell, conditions inside of a cell, etc. in a given chimeric or fusion protein, the two
domains may be associated with each other directly or via an amino adid linker, as desired.
An amino acid linker may have any convenient amino acid sequence and length.

With respect {o the dimerization domains, these domains are domains thal participate
in a binding avent, either directly or via a dimerization mediator, wherg the binding event
resulis in production of the desired muitimeric, e.g., dimeric, complex of the membrane
assoclated and nuclease proleins. As such, the first and second dimerization domains are
domains that participate in the binding complex that includes the mambrane-associatad
protein and nuclease protein. The first and second dimerization domains specifically bind to
gach other or to a dimerization mediator, as desired. The terms “specific binding,”
“specitically bind,” and the like, refer to the ability of different domains, e.g., first dimerization
domain, second dimerization domain, dimerization mediator, o preferentially bind o each
other relative to other molecules or moieties in a cell. In certain embodiments, the affinity
between these binding pairs when they ars specifically bound to each other in a binding
complex is characterized by a K, (dissociation constant) of 10° M or less, 10° M or less, 107
M or less, 10° Mor less, 10° Mor less, 107 M or less, 107" M or less, 1074 M or less, 1077
M or less, 107 M or less, or 107" M or less (it is noted that these values can apply to other
speacific binding pair interactions mentioned slsewhere in this description, in certain
embodimenis).

As mentionad above, the first and second dimerization domains are domains that are
capable of binding each other in a multimeric, e.g., dimeric, complex. As such, any two
convenient polypeptide domains that are capable of forming a complex with gach other may
be selected for use as the first and second dimerization domains. The first and second
dimerization domains may be included as part of the membrane-associated protein and the
one or more nuclease proteins, respecifully, using any convenient method. In some cases,
the membrane-associated protein and/or the one or more nuclease profeing are fusion
proteins that have been engineered to include a dimerization domain. When presentin a
fusion protein, the dimerization domain may be separated from the membrane-associated
protein and/or the nuclease protein by a linking sequence. in other cases, the dimerization
domain may be a natural domain contained within the membraneg-associated protein and/or
the one or more nuclease protsins.

Any convenient set of dimerization domains may be employed. The first and second
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dimerization domains may be homaodimeric, such that they are made up of the same
sequence of amino acids, or heterodimeric, such that they arg made up of differing
sequences of amino acids. Dimerization domains may vary, where domains of interest
include, but are not limited to: Hgands of target biomaolecules, such as ligands that
speacifically bind to particular proteins of interest {8.q., prolein:protein interaction domains),
such as SH2 domains, Paz domains, RING domains, iranscriptional activator domains, DNA
binding domains, enzyme ¢atalytic domains, enzyme regulatory domains, enzyme subunits,
domains for iccalization o a defined cellular location, recognition domains for the localization
domain, the domains listed at:
pawsoniab.mshri.on.ca/index.php?oplion=com_content&iask=view&id=30&Hemid=63/, elc.

Dimerization domains of interest include, but are not Himited {g, protein domains of
the iDimerize inducible homodimer {e.g., DmrB) and helerodimer systems {(&.g., DmrA and
DmrC) and the iDimerize reverse dimerization system {e.g., DmrD) (see a.g., Clontech.com
Cat. Nos. 635068, 6350588, 635059, 635060, 635069, 835088, 635080 and 6350585) (See
Clackson et al. (1898), Proc. Natl. Acad. Sci. USA 85(18): 10437-10442; Crabireg, G. R. &
Schreiber, S. L. (1886}, Trends Biochem. Sci. 21(11}): 418-422; Jin et al. {2000}, Nal. Genet.
26(1) 84-66; Castellano et gl (1988), Curr. Biol. 9(7) 351-360; Crabires at al. {1097},
Embo. J. 16(18): 5618-5628; Muthuswamy et al. (1998), Mol. Cell. Bicl. 19{10): 6845-6857).

The first and second dimerization domains may be selected from DmrA and DnwC
domains, DmrB domains, DmrD domains, dimerization domains of the dihydrofolate
reductase system, dimarization domains of TAg and pb3, and dimerization domains of SH2
and a PTRK proiein.

Also of interest as dimerization domains are transcription activation domains.
Transcription activation domains of interest include, but are not limited to: Group M nuclear
recepior member transcription activation domains, steroid/thyroid hormone nudlear receptor
franscription activation domains, synthelic or chimeric transcription activation domains,
polyglutamine transcription activation domains, basic or acidic amino acid ranscription
activation domains, a VP16 transcription actlivation domain, a GAL4 transcription activation
domains, an NF-kB franscription activation domain, a BP84 transcription activation domain,
a B42 acidic transcription activation domain (B42AD), a p65 transcription activation domain
{(pB5ADY, or an analog, combination, or modification thereof.

As mentioned above, the first and second dimerization domains may also bind o a
dimerization medialor to produce the desired complexes of membrane-associated protein
and nuclease protein. in other words, a dimerization mediator may promote the
complexation of the first and second dimerization domains, &.9., where both the first and
second dimerization domains specifically bind to different regions of the dimerization

mediator. Any convenient dimerization mediator may be empioyed. A dimerization mediator
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is a compound that induces proximity of the membrane associated and nuclease proteins
under intraceliular conditions. A dimerization medialor can be a homodimerizeror a
heterodimerizer. By "induces proximity” is meant that two or more, such as three or more,
including four or more, molecules are spalially associated with gach other through a binding
event mediated by the dimerization mediator compound. Spatial association is characterized
by the presence of a binding complex that includes the dimerization medialor and the at
least membrane associaled and nuclease protein molecules. In the binding complex, each
member or component is bound (o at least one other member of the complex. In this binding
compiex, binding amongst the various componenis may vary. For example, the dimerization
mediator may mediate a dirgct binding event between domains of membrane associated and
nuclease protein molecules. The mediated binding event may be one that does not occur in
the absence of the mediator, or one that occurs 1o a lesser exient in the absence of the
mediator, such that the mediator results in enhanced dimer production as compared (o
control situations where the mediaior is absent. For exampls, in the presance of the
dimerization medialor, g first dimerization domain of a membrang associated profein may
bind to a second dimerization domain of a nuclease protein molecule. The dimerization
mediator may simultaneously bind {o domains of the membrane associated and nuclease
molecules, thereby producing the binding complex and desired spatial association. In some
instances, the dimerization mediator induces proximity of the membrane associated and
nuclease protein molecules, where these molecules bind directly {o each cther in the
presence of the dimerization mediator.

Any convenient compound that functions as a dimerization mediator may be
employed. A wide variety of compounds, including both naturally occurring and synthetic
substances, can be used as dimerization mediators. Applicable and readily observable or
measurable criteria for selecting a dimerization mediator include: (A) the ligand is
physiclogically acceptable (i.e., lacks undue toxicity towards the cell or animal for which it is
to be used); (B) it has a reasonabie therapeutic dosage range; (C) it can cross the cellular
and cther membranes, as necessary {(where in some instances it may be able to mediate
dirnerization from outside of the cell), and (D) binds o the nuclease domains of the chimeric
proteing for which i is designed with reasonable affinity for the desired application. A first
desirable criterion is that the compound is relatively physiologically inert, but for its
dimerization mediator aclivity. In some instances, the ligands will be non-peptide and non-
nucleic acid.

Dimerization mediator compounds of inferest include small molecules and are non-
toxic. By small molecule is meant a molecule having a molecular weight of 5000 dalions or
less, such as 2500 daltons or less, including 1000 daltons or less, 8.q., 500 dalions or less.
By non-toxic is meant that the inducers exhibit substantially no, If any, toxicily at

12



o

10

15

20

25

30

WO 2015/191911 PCT/US2015/035413

concentrations of 1 g or more/kg body weight, such as 2.5 g or more /Kg body weight,
including 5g or more/kg body weight. In one embodiment, the dimerization mediator is B/B
homodimerizer or A/C heterodimerizer (Clontech}.

One type of dimerization mediator of interest is a compound (as well as homo- and
heterg-oligomers (e.g., dimers) thereof), that is capable of binding o an FKBP prolein and/or
{0 a cyclophilin protein. Such compounds include, but are not limited to: cyclosporin A,
FKS06, FK520, and rapamyein, and derivatives thergof. Many derivatives of such
compounds are already known, including synthetic analogs of rapamycin, which can be
adapted for use in the subject methods as desired.

in some embodiments, the dimerization mediator is a rapamycin analog {L.e., a
rapalog). Any suitable rapalog may be modified for use as a dimerization mediaior in the
subject methods. As used herein, the term “rapalogs” refers {0 a class of compounds
comprising the various analogs, homologs and derivatives of rapamycin and other
compounds related structurally 1o rapamycin. Rapalogs include but are not limited to,
variants of rapamycin having one or more of the following modifications relative o
rapamycin: demethylation, elimination or replacement of the methoxy at ©7, C42 andfor
C29; elimination, derivatization or replacement of the hydroxy at C13, C43 and/or C28;
reduction, alimination or derivatization of the ketone at C14, C24 and/or C30; replacement of
the g6-membered pipscolats ring with a 5-membered proby ring; and elimination,
derivatization or replacement of one or more subslituents of the cyclohesyl ring or
replacement of the cyciohexyl ring with a substiluted or unsubstitiied cyciopenty ring.
Rapalogs, as thai term is used herein, do not include rapamycin itself, and in some
instances do not contain an oxygen bridge between C1 and C30. Rapalogs that may be
used as dimsrization mediators in embodiments of the invention include, but are not limited
to, those compounds described in: US 7,067,526; and US 7,196,192, the disclosures of
which are herein incorporated by referencea. Further illustrative examples of rapalogs are
disclosed in the following documents: US 6,693,189; US6,984,635, W09641865,
WOO710502, WOB418207, WOB304680, US 5527907, US 5225403, W(O8641807,
WO8410843, WOB214737, US 5484799, US 5221628, WOO635423, WO8408010,
WQOB205178, US 5457194, US 5210030, WOO603430, WO0404540, US 5604234, US
5457182, US 5208241, WO0600282, WO04(2485, US BBEY715, US 5,362,735, US
5200411, WO8516691, WO8402137, US 55883138, US 5324644, US 5198421, WOG5158328,
WOO402136, US 5563172, US 5318895, US 5147877, WOO5074868, WOB325533, US
5561228, US 5310803, US 5140018, WO8504738, W0B318043, US 5561137, US 5310801,
US 5116756, WOOH04060, WOB313663, US 5541103, US 5258388, US 5108112,
WO8428022, WOB311130, US 5541189, US 8252732, US 5093338, W(8421644,
WO8310122, US 5534632, US 5247076, and US 5091389, the disclosures of which are
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herein incorporated by reference.

Dimerization domains that may be incorporated into the membrane-associated and
nuclease proteins for use with such dimerization mediators may vary. In some instances, the
dimerization domains may be selected from naturally cccurring peplidyl-proivl isomerase
family proteins or derivalives, 8.q., mutants {including point and deletion), thereof. Examples
of domains of interast for these embodiments include, but are not limited to: FKBP, FRE, and
the like.

FKBF dimerization domains may contain all or part of the peplide sequence of an
FIKBP domain. Of interest are those domains that are capable of binding to a corresponding
dimerization mediator, 2.g., a rapalog, with a Kd valus of, e.q., 100 nM or less, such as
about 10 nM or less, or even about 1 nM or less, as measured by direct binding
measurement {.¢g. fluorescence guenching), compedition binding measurement (e.g. versus
FK&08), inhibition of FKBP enzyme aclivity (rotamase)}, or other assay methodology. The
peplide sequence of a FKBP domain of interest may be modified 1o adjust the binding
specificity of the domain for a dimerization mediator, e.g., by replacement, insgrtion or
deletion of 25 or less, such as 20 or less, 15 orless, 10 or less, such as § or less, or 3 or
less amino acid residues. A FRB domain of interest includes domains capable of binding to a
compilex of an FKBP protein and dimerization mediator, e.¢., rapalog. The FRB fusion
protein may bind o that complex with a Kd value of about 200 uM or less, such as about 10
uM or less, 2 uM or less, or even 1uM or less, as measured by conventional methods. The
FRB domain is of sufficient length and composition to maintain high affinity for a complex of
the rapalog with the FKBP fusion protein. For example, myrisiolated FKBPF in conjunction
with a rapamycin analog can transiocate a FRB fusion protein to a plasma membrane. (Naf.
Methods., 6:415-418, 2005}

Angther type of dimerization mediator compound of interest is an alkenyl substituted
cycloaliphatic (ASC) dimerization mediator compound. ASC dimerization mediatlor
compounds include a cycloaliphatic ring substituted with an alkenyi group. In certain
embodiments, the cycloaliphatic ring is further substituted with a hydroxyl and/or oxo group.
in some cases, the carbon of the cycdloaliphatic ring that is substituted with the alkenyi group
is further substituted with a hydroxyl group. The cycloaliphatic ring system may be an
analog of a cycichex-Z-enone ring system. In some embodiments, the ASC dimerization
mediator compound includes a cyclohexens or a cyclohexaneg ring, such asisfound in a
cycichexenone group {e.g. a cycichex-2-enone}, a cyclohexanone group, a hydroxy-
cyclohexane group, a hydroxy-cyclohexene group {e.q., a cyclohex-2-enol group) or a
methylenecyclohgxane group {e.g. a 3-methylenecyclohexan-1-0l group); where the
cycloaliphatic ring is substituted with an alkeny! group of about 2 to 20 carbons in length, that

includes 1,2, 3,4,5,6,7, 8, 9 or 10 unsaturated bonds. In ceriain embodiments, the alkenyi
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substituent includes a conjugated series of unsaturated bonds. in particular embodiments,
the alkenyl substituent may be 4 carbons in length and include 2 conjugated double bonds,
In another smbodiment, the alkenyl substituent is conjugated o the cyclosliphatic ring
system. Further details of such compounds are disclosed in W0/2011/163028; the
disclosure of which is herein incorporated by reference.

Where the dimerization domain is an ASC inducer compound, such as abscisic acid,
ASC binding dimerization domains of interest include, but are not limited to: the abscisic acid
binding domains of the pyrabactin resistance (PYR)}/ PYR1-like (PYL} / regulatory
component of ABA receplor (RCAR) family of intraceliular proteins, The PYR/PYL/RCAR
abscisic acid binding domains arg those domains or regions of PYR/PYL/RCAR proteins,
{e.g., pyrabactin resistance 1, PYR1-Like proteins, sic.} that specificaily bind to abscisic
acid. Accordingly, ASC inducer binding domains include a full length PYR1 or PYL protein
(e.q., PYLT, PYL 2, PYL 3, PYL 4, PYL 5, PYL 6, PYL, PYL 8, PYL 9, PYL 10, PYL11,
PYL12, PYL13), as well as portions or muianis thereof that bind o abscisic acid, ¢.g., amino
acid residues 33-208 of PYL1 from Arabidopsis thaliana. Addilional examples of suitable
ASC binding dimerization domains include PP2ZC inducer domains. The PP2C inducer
domains are those PYR/PYL binding domains found in group A type 2 C protein
phosphatasgs (PFP2Cs), where PP2Cs have PYL{+ABA) binding domains. Accordingly, ASC
inducer binding domains include the full length PRP2C proteins {s.g., ABI1), as well as
portions or mutanis thereof that bind o abscisic acid, e.g., amino acid residues 126-423 of
ABI1 from Arabidopsis thaliana. In some instances, the PP2C ASC inducer domainis a
phosphatase negative mutant, e.g., a mutant of PP2C that retains its ability to specifically
bind to PYR/PYL (+ABA) and vet has reduced if not absent phosphatase aclivity.

Ancther type of dimerization mediator compound of interest is an N-oxalvl-pipecolyt
or N-oxalyl-prolyi-type compound. N-oxalyl-pipecolyl and N-oxalyl-prolyl-type compounds
include immunophilin mullimerizing agenis described in WO 1896/06097, the disclosure of
which is herein incorporated by reference.

Another type of dimerization mediator compound of intergst is an oligonucleotide
figand containing compound. Oligonudleotide ligand containing compounds include muiti-
funclional oligonucieotide ligands described in WO 1893/03052, the disclosure of which is
herein incorporated by reference.

In some instances, the dimerization mediator is a modifiable dimerization mediator. In
some instances, the dimerization mediator is modifiable (e.g., a MDM). AMDM is a
compound that reversibly induces proximity of the membraneg-associated protein and the
niuclease protein in a sample under suitable conditions, where proximity may be reversed by
the application of a stimulus. Appilication of the stimulus to the sample modifies a modifiable
group of the MDM, thereby changing the nature of the MDM such that the modified MDM is
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no longer capable of inducing or maintaining proximity of the membrane-gssociated protein
and the nuclease protein.

By “reversibly induces proximity” or “reverse the induction of proximity” is meant that
the spatial association of membrane-associated protein and the nuclease protein, mediated
by a MDM, may be reversed upon application of a suitable stimulus {8.9., a pholon, &
chemical agent or an enzyme) that modifies the MDM. Application of a suitable stimulus
results in dissociation of the membrans-associated protsin and the nuclease protein
components of the dimeric complex. In some cases, the stimulus may be described as a
rodifying stimulus, 8.q., a stimulus that resulls in modification of the modifiable group. In
certain embodiments, application of a stimulus is not application of a competitive inhibitor of
binding of the MDM to domains of the membrane-associated protein and nuclease protsin.
In certain embodiments, application of 3 stimulus is not dilution of the sample.

Application of a suitable stimuius to the sample will modify the modifiable group o
result in modification of the MDM, e.g., a change in the nature of the MDM molecule that
alters its binding properties. In some embaodiments, the modified MDM has significantly
reduced affinity for the dimerization domains of the membrane-associated protein and/or the
nuclease protein, e.g., an affinity that is reduced by 2-fold or more, such as 3-fold or more, 4-
fold or more, 5-old or more, 10-fold or more, 30-fold or more, 50-fold or more, 100-fold or
more, or even 1000-fold or more, as compared {o the corresponding aflinity of the
unmaodified MDM. in some embodiments, the Kd value of a MDM (e.g., a rapalog-derived or
a ASC-derived MCIP), for a dimerization domain {e.g., a FKBP domain or a ASC binding
domain) may be raised from about 10 nM or less {e.q., about 3 nM or less or about TnMor
less) to about 20 nM or more, such as about 30 nM or more, about 40 nM or more, about 50
nM or more, about 100nM or more, about 200nM or more, about 500nM or more, or even
about 1 uM or maore.

In some embodiments, the MDM includes a cleavable group whare application of the
stimulus cleaves the cleavable group. Application of the stimulus may produce two cleaved
MDM products, where gach produdt indepsndently retains affinity for only one of the first and
second dimerization domains. In some embodiments, the MDM includes a cleavable linker
connecting a first binding molety that specifically binds the first dimerization domain, and a
second binding moiety that specifically binds the second dimerization domain, such that
cleavage of the linker leads {o dissociation of the membraneg-associated protein and the
nuclease protein. In other embodiments, application of the stimulus produces a modified
MDM where one of the first and second binding moieties is changed in nature such that it
has significantly reduced affinity {e.q., as described hergin) for a corrgsponding dimerization
domain. in such cases, the binding affinity of the other binding molety may be unaffected, or

alternatively, it may also be significantly reduced {(e.g., as described herein).

o
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The MDM may include a first binding moisty (A) that specifically binds to a first
dimerization domain and a second binding moiety (B} that specifically binds to a second
dimerization domain, and a modifiable group (X}, XmaybeapaiofAcorapartol B, or X
may be connecied to A and/or B via a linker. In some instances, the MDM specifically binds
the first and second dimerization domains independently, e.q., formation of a ternary
complex may occur via initial binding of the MDM to either the first or the second
dimerization domain. In other instances, specific binding of the MDM to the second
dimerization domain is dependent on prior formation of a MDM/Airst dimerization domain
compiex. in this contexi, by “dependent” is meant that the second nuclease moleculs has a
higher affinity for the complex of MDM/first dimerization domain than it has for the MDM
alone. In some embodiments, MDMs which form such ternary complexes include a first
binding moiety {A) that specifically binds a first dimerization domain (e.g.. a rapalog that
specifically binds a FKBFP domain, or an alkenyl substituted cycloaliphatic (ASC) inducer
compound that specifically binds an PYL ASC binding domain), and the second binding
maoiety (B) that specifically binds a second dimerization domain (e.g., a rapalog that
specifically binds a FREB domain, or an ASC inducer compound that specifically binds an ABI
ASC binding domain) where binding of the second dimerization domain is dependent on the
prior binding of A and the first dimerization domain. In certain cases, the complex of MDM/
first dimerization domain specifically binds the second dimerization domain without direct
contacis being formed between the MDM and the nuclease protein. In such cases, the MDM
mediates the binding of the membrane-associated prolein and the nuclease protein.

The modifiable group (X) may be included al any convenient position in the structure
of an MDM. In some cases, the modifiable group {(X) is part of the first binding moiety (A} or
is part of the second binding molety (B). In some cases, X may be included in that part of
the structure which specifically binds the first dimerization domain (.g., a FKBF domain or
ASC binding domain), or allernatively, may be included in that part of the structure which
specifically binds the second dimerization domain {e.g., a FRB domain or a ASC binding
domain). in other cases, X may be separate from the binding moieties A and B. As such, X
may be ocaled al a position of the siructure that is not invoived in specific binding
interactions with the first or second dimerization domains, €.q., in a linker that connects A
and B.

Of interest as MDMs are the MCIPs and dimerization systems described in US

Application Publication No. 2014/0080137, which is hersin incorporated by reference.

Microvesicle Inducer
As used herein, “‘microvesicie inducer” refers {0 an agent that promotes {i.e,,

enhances) the production of microvesicies from a cell. In some cases, the microvesicle
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inducer is a molecule thal does not become part of the microvssicles, but where the
presence of the microvesicle inducer resuits in the csll producing microvesicles. In other
cases, the microvesicle inducsr becomes part of the produced microvesicles. in soms
instances, the production of microvesicles can be accomplished through the overexpression
of a microvesicle inducer within a mammalian cell. In certain cases, overexpression of a
microvesicle inducer in a cell resulis in shedding of microvesicles into the medium
surrcunding the transfected call.

The microvesicle inducer may be a protein, small molecule inducer, endogenous
“celi-blebbing” .g., during apoptosis, and the like. Protein microvesicle inducers include, but
are not limited {o: proteins that induce membrane budding, viral membrane fusion proteins,
small molecule inducers of vesicle formation, eic.

In some cases, the microvesicle inducer is a protein that induces membrane budding
such that the production of microvesicles is enhanced. As used herein, the exprassion
"protein which induces membrang budding” refers {0 any protein that can promote the
deformation of lipid bilayers and mediate the formation of vesicles. Any convenient csliular or
viral proteins may be utilized to induce membrans budding. Cellular proteins of inlerest that
induce membrane budding include, butl are not limited to, proteclipid protein PLP1 (Trajkovic
et al. 2008 Science, vol 319, p 1244-1247), clathrin adapior complex ARP1 {Camus et al,,
2007, Mol Biol Cell vol 18, p3183-3203), proteins modifying lipid properties such as
flaippase, scramblase, proteins which facilitale secretion via a non-classical pathway such
as TSAPS (Yu el al. 2006 Cancer Res vol 68, pd795-4801) and CHMPAC (Yu et al. 2009,
FEBS J.vol 276, p2201-2212). Viral proteing of inferest that induce membrane budding
includs, but are not imited to, tetherin/CD317 antagonists such as the Vpu protsin of HIV
(Neil et al. 2008. Nature vol 451, pd25-4431) and varicus viral structural proteins such as
refroviral GAG (Camus et al., 2007. Mol Biol Cell vol 18, p3183-3203) and Ebola VP40
{Tirmmins et al., Virclogy 2001).

In some cases, the microvesicle inducer is a viral membrane fusion protein {s.q., viral
fusion glycoprotein). The viral membrane fusion protein may be a class | viral membrane
fusion protein such as the influenza-virus hemaggiutinin, a class I viral membrane fusion
protein or a class i viral membrane fusion prolein (e.g., as described in Backovic st al.,
Curr. Opin. Struct. Biol. 2008, 19(2): 188-88; Courtney st al., Virology Journal 2008, 5: 28).
In some embodiments, the viral membrane fusion protein is a class | viral membrane fusion
protein. Class | viral membrane fusion proteins of interest include, but are not limited to,
Baculovirus F proteins, F proteins of the nucieopoivhedrovirus (NPV) genera, such as
Spodoptera exigua MNPV (SeMNPV} F protein and Lymaniria dispar MNPV (LAMNPV) F
protein. The microvesicle inducer may be a class Hi viral membrane fusion protein, where

Class Il viral membrane fusion proteins of inlerest include, but are not limited to,

18



o

10

15

20

25

30

35

WO 2015/191911 PCT/US2015/035413

rhabdovirus G (such as the fusogenic protein G of the Vesicular Stomatatis Virus (VSV-G)),
herpesvirus gB (such as the glycoprotein B of Herpes Simplex virus 1 (HSV-1 gB)Y), EBV gB,
thogotovirus G, baculovirus gpb4 (such as Aulographa California multiple NPV {(AcMNPV}
gpé4), and the Bomna dissase virus {(BDV) glycoprotein (BDV G). In certain instances, the
viral membrane fusion protein is VSV-G or baculovirus gpéd.

In certain embodiments, the microvesicle inducer is VEV-G, such as the VEV-G
polypeptide as defined in CenBank AN: M35219¢.1, or any functional fragments or their
functional derivatives refaining fusogenic properties. As used herein with respect to viral
membrane fusion proteins, the term "fusogenic” refers o a viral protein that can induce the
fusion of the membrane of the microvesicles to the plasma membrane of the larget call,
VEV- fusogenic polypeptides of interest include but are not limited to, those described in
U.5. Patent Publication Nos. 7,323,337, 5,670,354, 5,512,421; 20100167377, and the like.

Also of interest are small moleculs inducers of vesicle formation. Small molecule
inducers of vesicle formation include, but are not limiled {o: Apoplosis inducer causing cell
blebbing e.g. Staurosporin, and the like.

Where desired, a microvesicle inducer may be provided in the cell using any
convenient protocol. For example, the cell may be configured {0 express the microvesicle
inducer from a coding seguence in the cell, or a microvesicle inducer may be added to the
ceils using any convenient method. Methods of adding a microvesicle inducer to a cell
include, but are not limited o, transfection or ransduction of the cell with a construct
encoding a microvesicle inducing protein, and contact of the cell with a chemical inducer

{e.g., a small molecule), etc.

Microvesicie Producing Celis

The present invention provides a method of preparing a microvesicle containing a
nuclease. The method comprises: (a) maintaining a packaging cell comprising: (i) a
membrane-associated protein comprising at lsast one first dimerization domain, and
{ii} 2 nuclease comprising at least one second dimerization domain, and (b) producing a
microvesicie that contains the nudlease from the packaging cell under sufficient conditions.
In a preferred embodiment, the nuclease is selecled from the group consisting of a Cas
protein, and Argonaute nuciease.

Any convenient cell capable of producing microvesicles may be ulilized. In some
instances, the cell is a eukaryotic cell. Cells of interest include sukaryolic cells, 2.g., animal
ceils, where specific types of animal celis include, but are not limited 10! insect, worm, avian
or mammalian cells, Various mammalian cells may be used, including, by way of exampile,
equine, bovine, ovine, canine, feline, murine, non- human primate and human cells. Amaong
the various species, various types of cells may be used, such as hematopoietic, neural, ghial,
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masenchymal, culaneous, mucosal, siromal, muscle (including smooth muscle cells),
splesn, reticulo- endothelial, epithelial, endothelial, hepatic, kKidney, gastrointestinal,
pulmonary, fibroblast, and other cell types. Hematopoietic cells of interest include any of the
nucleated cells which may be invoived with the eryvihroid, lymphoid or myelomonocytic
lineages, as well as mycblasts and fibroblasts. Also of interest are stem and progenitor cells,
such as hematopoigtic, neural, stromal, muscle, hepatic, pulmonary, gastrointestinal and
mesenchymal stem cells, such as ES cells, epi-ES cells and induced pluripotent stem cells
{(iPS cells). Specific cells of interast include, but are not limited to: mammalian cells, 8.q.,
HEK-293 and HEK-293T celis, COS7 cells, Hela cells, HT1080,373 cells elc.; insect cells,
a.g., High5 cells, 519 celis, 5121 and the like. Additional celis of interest include, but are not
limited to, those described in US Publication No. 20120322147, the disclosure of which cslls
are herein incorporated by reference.

As summarized above, the cells are ones that include a membrang-associated
protein, a nuclease protein and, where desired, a microvesicle inducer, .q., as described in
greater detail above. As such, the cells are cells that have been engineerad to include the
membrang-associated and nucleass proteins. The cells may comprise a first expression
cassetie comprising a first coding sequence for encoding the membrane-gssociated protein
comprising a first dimerization domain; and a second expression cassstle comprising a
second coding seguence for encoding the nuclease comprising a second dimerization
domain.

The protocol by which the cells are engineered o include the desired proteins may
vary depending on ong or more different considerations, such as the nature of the targst cell,
the naiure of the molecules, etc. The cell may include expression constructs having coding
sequences for the proteins under the control of a suillable promoter, where the promoter may
be an inducible promoter or constitutively active. The coding sequences will vary depending
on the particular nature of the protein encoded thereby, and will include at least a first
domain that encodes the dimerization domains and a second domain that encodes the
membrane associated or nuclease domains. The two domains may be joined directly or
linked {0 each other by a linking domain. The domains encoding these fusion proteins are in
opearational combination, L.e., operably linked, with requisite transcriptional mediation or
regulatory alement({s). Requisite transcriptional mediation elements that may be present in
the expression module include promoters (including tissue specific promoters), enhancers,
termination and polyadenylation signal elements, splicing signal elements, and the like. Of
interest in soms inslances are inducible expression systems.  The various sxpression
constructs in the cell may be chromosomally integraied or maintained episomally, as
desired. Accordingly, in soms instances the expression constructs are chromosomally

integrated in a cell. Allernalively, one or more of the expression consiructs may be

20



o

10

15

20

25

30

WO 2015/191911 PCT/US2015/035413

episomally maintained, as desired. The expression constructs may be expressed stably in
the cell or transiently, as needed/desired.

The cells may be prepared using any convenient protocol, where the protocol may
vary depending on nature of the cell, the location of the cell, e.q., in vitre or in vivo, sic.
Where desired, vectors, such as plasmids or viral vectors, may be employed io engineer the
cell 1o express the various system components, €.9., membrane-associated and nucleases
proteins, optional microvesicle inducer, elc., as desired. Protocols of interest include those
described in published PCT application WO 1998/041258, the disclosure of which protocols
are herein incorporaled by reference.

Depending on the nature of the cell and/or expression construct, protocols of interest
may include electroporation, particle gun technology, calcium phosphate precipitation, direct
microinjection, viral infection and the like. The choice of method is generally dependent on
the type of cell being transformed and the circumstances under which the transformation is
taking place (i.e., in vitro, ex vivo, or in vivo). A general discussion of these methods can be
found in Ausubel, et al, Short Protocols in Molecular Biology, 3rd ed., Wilsy & Sons, 1995, In
some embodiments, lipcfectamineg and calcium mediated gene transfer technologies arg
used. After the subject nucleic acids have been infroduced into a cell, the cell may be
incubated, normally at 37°C, sometimes under selection, for a period of about 1-24 hours in
order 10 allow for the expression of the chimeric protein. In mammalian target cells, a
number of viral-based expression systems may be utilized {0 express a chimeric protein{s).
In cases where an adenovirus is used as an expression vector, the chimeric protein coding
sequence of interest may be ligaled o an adenovirus transcription/transiation control
complex, &.q., the lale promoter and tripartile leader sequence. This chimeric gene may then
be inseried in the adenovirus genome by in vifro or in vivo recombination. Insertion in a non-
essential region of the viral genome {(e.g., region E1 or E3) will result in a recombinant virus
that is viable and capable of expressing the chimeric protein in infected hosts. (e.g., see
Logan & Shenk, Froc. Natl. Acad. Sci. USA 8§1:355-359 (1984)). The efficiency of expression
may be enhanced by the inclusion of appropriate iranscription enhancer elements,
franscription terminators, efc. (see Bitiner et al., Methods in Enzymol. 153:51-544 (1887)).

Where long-term, high-vyield production of the chimeric profeins is desired stable
expression protocols may be used. For example, cell lines, which slably express the
chimeric protein, may be engineered. Rather than using expression vectors which contain
viral origins of replication, host cells can be fransformed with chimeric protein expression
casselies and a selectable marker. Following the introduction of the foreign DNA,
engineered cells may be allowed to grow for 1-2 days in an enriched media, and then are
swiiched {0 a sslective media. The sslectable marker in the recombinant plasmid confers
resistance o the selection and allows cells to stably integraie the plasmid into a
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chromosome and grow to form foct which in turn can be cloned and expanded into cell lines.
In addition, the coding seguences can be inserted by means of zinc finger nucleases,
meganucleases, TAL effector nucleases, or RGEN mediated methods followed by HR or
homologous recombination inlo “safe harbor” regions of the human or other genomes. Safe
harbor regions of intergst include regions that are single copy, diploid or aneupioid and are
not near genes that regulate growth or are likely {0 cause cancerous transformation or other

non-therapeutic perturbations if not properly regulated.

FProduction of Microvesicles from Microvesicle Producing Cells

Aspacts of the methods include maintaining a microvesicle producing cell, 8.g., as
described above, under conditions sufficient 10 produce one or more microvesicles from the
cell, where the microvesicles include a dimerization compiex of a membrans associated
protein and a nucleass prolein. Any convenient methods of maintaining the cell under
conditions sufficient to produce a microvesicle may be utilized in the subject methods. in
some cases, the cell is maintained for a period of time ranging from 30 minutes to 1 wesk,
such as from 1 hour {¢ 3 days, 1 hour to 2 days, including 1 hour to 24 hours. In some
instances, the ceall is maintained for a period of lime ranging from 30 minutes to 72 hours,
suchas 21072, 81072, 121072, 241072, 3610 72, and 48 to 72 hours. The call may be
maintained at a temperature that supports microvesicle production from the cell, where
temperatures of interest include 4 {0 42°C, such as 18 t0 37°C The cell may be maintained in
a suitable culture medium, as desired, where culture media of interest include, but are not
limited to: DMEM, HAMs F12, RPMI1640, serum free conditions, and the like.

Deapending on the nature of the cell, aspects of the methods may include a step of
inducing expression of the one or more of the membrane associated protein, the nuclease
protein and the microvesicle inducer, if present. Expression of one or more of these proteins
may be controlied by an inducible promoter, such as an inducible promoter of a Lac-based
system or a Tet-based system. in such instances, the methods may include introducing into
the cell an expression inducer, e.g., by confacting the cell with a medium that includes the
inducer, eto.

Where desired, aspects of the methods may include contacling a cell with a
microvesicie inducer in a manner sufficient 10 cause microvesicle production from the cell.
For example, where the microvesicle inducer is a small molecule inducer, the methods may
include contacting the cell with a medium that includes a sufficient concentration of the
microvesicie inducer. In soms instances, microvesicle production may be induced by
modifying the cell culture conditions of the cell, such as modifying the temperature, e.g., o a
value ranging from 15 to 42°C, modifying the Ca** concentration, e.q., as described in
Biochemistry. 1898 Nov 3;37{44):15383-81, sic.
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Depending on the nature of the cell, aspecis of the methods may include a step of
infroducing into the cell a dimerization mediator. The dimerization mediator may be
introduced into the cell using any convenient protocol. The particular protocol that is
employed may vary, e.g., depending on whether the microvesicle producing cell is in vitro or
in vivo. For in vilro protocols, infroduction of the dimerization mediator into the cell may be
achieved using any convenient protocol. In some instances, the sample includes cells that
are maintained in a suitable culiure medium, and the dimerization mediator is introduced into
the culture medium. For in vivo protocals, any convenient administration protocol may be
employed. Depending upon the binding affinily of the dimerization medialor, the response
desired, the manner of adminisiration, e.g., i.v., 5.¢., L.p., oral, etc,, the half-life, the number
of cells present, various profocols may be employed.

in some embodiments, the method further includes separating the microvesicle from
the cell. Any convenient separation protocol may be emploved. Examples of suitable
separation protocols include, but are not limited to: filtration, centrifugation, precipitation,
surface and/or antibody based capiure and the like. In some cases, microvesicles arg
harvested from the cell supernatant post-transfection. In certain cases, the microvesicles
may be isolated by ultracentrifugation, e.g., at 110,000 g for 1.5 hours, or by cenirifugation,
a.g., at 7500 g for 16 hours | In certain instances, the microvesicles may be frozen and
stored at -80°C without losing their abiiity to transfer material to the target cell. in some
embodiments, the microvesides do not include any nuclsic acid coding for the nuclease
protein of interest. In certain embodiments, the microvesicles are virus free.

The amount of the nuciease protain in the microvesicle may be evaluated at any
convenient time during the subject methods, e.g., during the maintaining of cells step, or
before or after an oplional separating step, and utilizing any convenient method.

In certain embodiments, a given method only employs a single membrane associated
profein/nuclease protein pair. In vet other embodiments, given method may employ two or
more distinct membrane associated/nuclease protsin pairs, such as where the production of
microvesicles having two or more nuclease proteins packaged therein is desired. In vet other
ambodiments, two or more distinct nuclease proteins may be configured (o dimerize fo a
common dimerization domain of membraneg associated protein, such that one has a single

membrane associated protein with two or mors distinct nuclease proteins.

PROTEIN ENRICHED MICROVESICLES

Aspects of the invention further include protein-enriched microvesicles, e.g., such as
produced by the methods described above. The microvesicles may include ong or more
membrane-associated proteins and one or more nuclsase proleins, e.g., as described
above, inside of a lipid bilayer envelope. As the microvesicles are produced from
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microvesicle producing cells, e.q., as described above, the lipid bilayer component of the
microvesicle includes mambrane componenis of the cell from which the microvesicle is
produce, e.g., phospholipids, membrane proteins, selc. In addition, the microvesicle has a
cytoscl that includes componentis found in the cell from which the microvesicle is produced,
€.g., solutes, proteins, nucleic acids, etce., but not all of the components of a cell, e.g., they
lack a nucleus. In some embodiments, the microvesicles are considered 1o be exosome-
like. The microvesicles may vary in size, and in some instances have a diametier ranging
from 30 and 300 nm, such as from 30 and 150 nm, and including from 40 to 100 nm.

In some cases, in the microvesicle, the membrane-associated protein and the
nuclsase protein are prasent in a dimerized complex. In some instances, the first and
second dimerization domains are specifically bound to gach other in a dimsrized complex. In
other instances, the first and second dimerization domains are bound {o each cother by a
dimerization mediator, &.g., as described above. In some instances, the microvesicle
includes a microvasicle inducer, 2.g., a viral membrane fusion protein, such as VSV-G. In
some embodiments, the first dimerization domain of the membrane-associaled protein
contacts the cylosdal of the microvesicle.

A given microvesicle may be enriched with a single nuclease protein or two or more
distinct nuclease proteins, Where two or more distinet nuclease proteins are present in the
microvesicle, each of the nuclease profeinsg may dimerize with the same membrane-
associated protein or each nuclease protein may dimerize with its own membrane-
associated protein, as desired. As such, in some inslances a microvesicle may include a
population of dimerized complexas that have a common membrane-associate protein bul
two or more distinct nuclease proleins represented in the population. In other instances, the
population of dimerized complexgs may include two or more distinct nuclease proteins each
dimerized with a distinct membrane-associated protein. As such, the microvesicle may

further include a second nuclease protein comprising a third dimerization domain.

MICROVESICLE MEDIATED PROTEIN DELIVERY INTO A CELL

As summarized above, aspects of the invention include methods of introducing a
protein into a target cell. Such methods include contacting the target cell with a microvesicle,
&.g., as described above, wherg the microvesicle may be present in a composition of a
population of microvesicles (for example where the number of microvesicles ranges from 10°
to 10", such as 10% to 10", including as 10" to 10%), under conditions sufficient for the
microvesicle to fuse with the target cell and deliver the nucleass protein contained in the
microvesicle into the cell. Any convenient protocol for contacting the cell with the

microvesicle may be employed. The particular protocol that is employed may vary, 2.9.,
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depending on whether the target cell is in vitro or in vivo. For in vitro prolocols, targst cells
may be maintained with microvesicles in a suitable culture medium under conditions
sufficient for the microvesicles 1o fuse with the target cells. Examples of suitable culture
media include, but are not limited to: DMEM, Hams F12, RPMI16840and the like. The target
cells and microvesicles may be mainiained for a period of time sufficient for the
microvesicles o fuse with the ceils, whers the pericd of time ranges, in some instances, from
5 mins to 72 hrs, such as 30 mins to 2 hrs. The target cells and microvesicles may be
mainiained at a suilable temperature, 8.¢., a temperature ranging from 4°C 16 42°C, such as
15°C to 37°C. For in vivo protocols, any convenisnt administration protocol may be
employed. Depending upon the tropism of the microvesicle and the target cell, the response
desired, the manner of adminisiration, e.g. L.v,, s.c, L.p., oral, etc,, the hali-life, the number of
cells present, various profocols may be employed.

in some embodiments, the method further includes disrupling (i.e., dissociating) the
dimerized or multierized complex in the microvesicle. Dissociation of the dimerized or
multierized complex may lead 1o fasier releass of the nuclease protein in the cell resuiting in
a faster and or larger biological response in the ¢ell. The dimerized or multimerized complex
may be disrupted using any convenient protocol. In one embodiment, the dimerization
domains can be dissociated by reducing the conceniration of a dimerization mediator.
Typically microvesicles are formed in packaging cells in the presence of a dimerization
mediator in the culiure medium. When microvesicles are introduced to target celis that are
cuitured in the absence of the dimerization medialor, the concentration of the dimerization
mediator decrgases, thus causing dissociation of the dimerized or mullimerized complex.

in some embodiments, the method may include contacling the microvesicle with a
sclubilizer, L.e., dimerization disruptor, compound to dissociate the complex of the nuclease
protein and the membrane-associaled protein in the microvesicle. Any convenient solubilizer
compounds may be utilized. Solubilizer compounds of intersst include, but are not limited to,
the /D solubilizer compound {Clontech, Mouniain View, CA). The D/D solubilizer may
dissociats dimeric complexes that include DmrD dimerization domains, by binding {o the
DrmrD domain in 2 manner that disrupts (reverses) their self-association. The D/D solubilizer

also dissociales complexes thatl include the DmrB homodimerization domain.
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In those instances where the dimerization complex includes a dimerization mediator,
excess mediator may be introduced inio the microvesicles, e.g., as described above, in order
to dissociate the complex. Where the dimerization mediator is a modifiable dimsrization
mediator, dissociation of the complex may include applying a stimulus to the microvesicle to
modify a modifiable dimerization mediator to dissociate the dimeric complex of nuclease
protein and membrane-associated protein. In such embodiments, the target cells may be
maintained for any convenient period of time prior to application of a stimulus, such as a
photon, a chemical agent or an enzyms, o the cells. As such, further aspects of
embodiments of the method include application of a stimulus o a sample that includes the
target cells and the microvesicles to modify the modifiable dimerization domain and disrupt
dimerization complex of the membrane-gssociated protein and the nudlease protein,
respectively.

in certain instances, the method further includes assessing, i.e., evalualing, a
function of the nuclease protein in the cell. Once the nuclease protein of interest has been
intfroduced into a larget cell, the occurrence of a particular biclogical event triggered by the
introduction of the nuclease protein into the cell may be evaluated. Evaluation of the ¢slls
may be performed using any convenient method, and al any convenient time before, during
and/or after contact of the microvesicles with the cells. Evaluation of the cells may be
performed continuously, or by sampling at ong or more time points during the subjsct
method. In some embodiments, the evaluating step is performed prior 1o the contacting siep.
In certain embodiments, the evaluating step is performed prior (o application of a stimulus. In
cerlain cases, the evaluation is performed using a cell-based assay thal measures the
cccurrence of a biological event triggered by the nuclease protein. Any observable biological
property of interest may be used in the evaluating steps of the subject methods.

Embodiments of the methods are characterized by providing for transient activity of

the delivered protein in the farget cell. By transient is meant that the delivered protein
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remains active for a limited period of time, and in some smbodimenis the limited period of
time ranges from 10 min to 96 hr, including 2hr to 48 hr. It yet other embodiments, the
protein may remain active for longer period of time, e.q., 96 hr or longer, such as 100 hr or

fonger, inciuding 200 hr or longer.

in a second aspact, the present invention is direcied 10 a microvesicle comprising:

{i) a membrane-associated profein comprising at least one first dimerization domain, (i) a
carrier protein comprising at least one second dimerization domain, and {iil} a solute that
binds o the carrier prolein. The solute may be any molecule that is capable to bind to a
carrier protein. In general, the solute may be DNA, RNA, protein, lipid, carbohydrate, an
organelle such as ribosomes, mitochondria, and small molecules under molecular weight of
5000 dalions.

in one embodiment, the solute is g single guide RNA and the carrier protein is a
nuclease. Necleases have been described above in details. For example, the nuclease
may be CAS nuclease or Argonaute nuclease. In a preferred embodiment, the nuclease is
CASS, CASY mutant without nuclease activity {e.g., Cas8 D10A, HB40A double mutant), or
Nickase mutant of Cas8 (g.g. Cas8 D10A mutant or Cas8 HB840A). When the nuclease is
CAS 9 or its mutant, the single quide RNA for example, may comprise the scafioid nucleic
acid sequence of SEQ 1D NO: 1 or 2 as shown in FIGs. 8A and 8B.

in one embodiment, the solute is RNA and the carrier protein is a RNA binding
protein having one or more RNA binding domains. The RNA binding proteins including, but
not limited to, bacleriophage M32 coat protein (known 1o the person skilled in the art as M32
binding protein/domain), lambdaN22, PUMILIC1, and SRSF1 deletion mutants.

MS2 is a bacteriophags coat protein that specifically binds fo the stem-loop structure
of a particular viral RNA sequence. it has been shown, that any RNA, containing this stem-
loop structure, will be bound by the MS2-binding domain, independent which RNA sequence
it is part of. Fusion proteins of GFP and the MS2-binding domain have been used for live
cell imaging o locate an exogenous mRNA of interest containing repeats of the stem-ioop
structure; the GFP-MSZ fusion protein binds to the mRNA via the repesat stem-loop domains
{Tvagi 5., Nature Methods §: 331-338 {2008)}). This application of the MSZ-binding-domain
underlines its ability 1o specifically bind to RNA sequence containing this specific stem loop
sequance in live cells.

The present invention provides using the MB2-binding-domain to deliver a RNA of
inferest via microvesicles into target cells. As illustrated in FIG. 14, the mRNA of interest
containing the stem-loop sequence, which may be introduced into the 3'untransiated region
of a target mRNA, is co-expressed with the MSZ-binding-protein in the packaging cell line.

The carrier protein {(MS2-binding-domain) is expressed as a fusion protein with the di-imuiti-
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merisation domain. The complex of MS2-binding-domain and RNA of interest formed inside
the cell are actively located {0 the plasma membrang via the A/C Heterodimerizer compound
where microvesicle formation occurs. The formed microvesicles contain a specific RNA of
interest which can be delivered into target cells.

Other RNA binding domains besides the MS2 domain may also be used for RNA
delivery applications, applying the same principal idea. Ong example of a RNA binding
protein is PUMILIOT, which specifically binds a 16 nudlectide long RNA fragment (Ozawa ef
al., Nat Methods, 2007, 4:413-413). A second example is an arginine-rich peptide derived
from the phage lambda N protein, lambdaN22, which binds a unique minimal RNA molif and
can be used to tag any RNA molecule (Daigle and Ellenberg, Nat. Methods 2007, 4:633-
636).

Many RNA binding proteins have a function in splicing, regulating franslation or
localization. However, their structure often is separated info a RNA binding domain and the
actual functional domain, like a splicing domain for example. It is feasible to use functional
mutanis of such RNA binding proteins for spacific RNA targeting purposes. For example, the
SREF1 deletion mutants containing the protein RNA binding domains (RBDs) but not the
arginine serine rich activator domain (Paz et al, J.\Virol. 2015; 89: 8275-6286) may be used.

Examples for RNA delivery include the delivery of mRNAs encoding for proteins
involved in induction or inhibition of apoptosis in the target cells such as Cytochrome C, Bid,
Bax, p&3 etc; mRNAs encoding for protein factors like Octd, Sox, chMyc, Kif4 or others known
to induce the de-differentiation of somatic cells into pluripotent stem cells, or other
applications. This could be achieved, for example, by expressing the RNA(s) of interest
containing the stem-loop sequence together with the M&2 protein, tagged with an second
dimerization domain that causes the complex of M32 domain with the RNA(s) of interest to
be localized to the inner cell membrane of the cell, where the formation of the microvesicles
occurs. The formed microvesicles now contain the RNA(s) of interest that can be delivered
info target cells. The RNA may be a single RNA, multiple different RNA(s), bicistronic
RNA({s) containing for example an IRES seguence or a P2A (or similar) sequence. The
delivery of other types of RNA includes, but not fimited to, iong non-coding RNA, miRNA,
and shRNA/SIRNA,

The same, protein-based approach could be applied to DNA delivery as well, by
using DNA binding proteins and using them to bind a DNA of interest in a packing cell where
the complex would be Ioaded into forming microvesicles. For exampls, the delivery of a
DNA expression casselle containing a promoter followed by a DNA sequence of interest,
unmodified or modified DNA oligos, like bictinviated oligos or oligos modified with other
moieties. In one embodiment, the solute is DNA and the carrier protein is a DNA binding

protein. The DNA binding protein, for example, may be the tet repressor (TetR), which is a
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prokaryolic repressor and binds tightly to a well-known operator sequence; or Zinc Fingers
{ZFPs), inciuding those particularly engineered as described in for e.g. US 6,534,261, The
delivery of a variety of different types of DNA can be envisioned.

A microvesicle dependent delivery of other, non-nuclectide cargos, like but not
limited to lipids, sugars, peplidss, hormones, using a cargo approach as described above
can be envisioned as well.

In one embodiment, the solute is carbohydrate and the carrier profein is a lectin,

in one embodiment, the soiute is ribosomes and mitochondria, which binds to their
respective carrier proteins.

in the microvesicle, the mambrane-associaled protein and the carrier protein are
bound to each other through the first and the sscond dimerization domain and form a
multimerized compiex, in which n=2-10, preferably 2-3, 2-4, or 2-5 in the complex. For
gxample, the complex may be a dimer, Irimer, or a telramer.

In one embodiment, the first and second dimerization domains are bound to gach
other by a dimerization mediator. The dimerization mediator is optionally modifiable. The
microvesicle may further comprises a microvesicle inducer. The membrane-associated
protein, the first and second dimerization domain, the dimerization medialor, and the
ricrovesicle inducer are similar 1o those described above in the Tirst aspect of the invention.

The first and second dimerization domains may be homodimeric or heterodimeric.
Heterodimeric is preferred. The first and second dimerization domains may be selecied from
DmrA and DmrC domains, DmrB domains, DmrD domains, dimerization domains of the
dihydrofolate reductase system, dimerization domains of TAg and p53, and dimerization
domains of SHZ and a PTRK protsin.

In one preferred embodiment, the membrane-associated protein is selected from the
group consisting of a myristovlated protein, a famesviated protein, a membrane anchor
profein, a transmembrang protein, and membrans lipid protein.

in ong preferred embodimant, the microvesicle inducer is selscted from the group
consisting of a viral membrane fusion protein, a chemical inducer, proteoiipid protein PLP1,
the clathrin adaptor complex AP1, floppase, flippase scramblase, TSAFES, and CHMP4C.
For example, the microvesicle inducer is a viral membrane fusion protein such as VSV-G.

The present invention provides a method of preparing a microvesicle containing a
solute of interest. The method comprising: (a) maintaining a packaging cell comprising:

{i} a membrane-associated protein comprising at least one first dimerization domain, (i) a
carrier protein comprising al least one sscond dimerization domain, and {iil) a solute that
binds to the carrier protein, and (b} producing a microvesicle that contains the solute from
the packaging cell under sufficient condilions, wherein the soluie is selected from the group

of: protein, DNA, RNA, carbohydrate, ribosomaes, mitochondria, and small molecules.
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in the method, the microvesicle comprises a complex of the membrane-associated
protein, the carrier protein, and the solute, wherein the membraneg-associated protsin and
the carrler protein arg bound to each other, directly or indirectly, through the first and the
second dimerization domains.

in the method, the packaging cell may further comprise a dimerization mediafor that
binds to the Tirst and the second dimerization domains. The packaging cell may also
comprise a microvesicls inducer,

in one embodiment, the packaging cell further comprises: a first expression cassetie
comprising a first coding sequence for encoding the membrane-associated protein
comprising a first dimerization domain; and a second expression cassstte comprising a
second coding seguence for encoding the carrier protein comprising a second dimerization
domain. In ancther embodiment, the packaging cell further comprises g third expression
cassette comprising a third coding seguence for encoding the solufe selected from the group
of RNA, and protein.

in one embodiment, the carrier protein further comprises a nuclear localization signal.

Uriury

The microvesicles of the invention, e.g., as described abovs, find use in a varigty of
applications where the introduction of a protein or protgins of interest into a target cell is of
interest. Applications of inlerest include, but are not limited to: research applications,
diagnostic applications and therapeutic applications. Research applications of interest
include, but arg not imited 1o, genome maodification, inducing pluripotency, cell
differentiation, inducible expression systems, organelle targeting, apoptosis, cell cycle
synchronization, and membrane loading and cell-cell interactions.

The microvesicles can be used o convey a varisty of cargoes into targel celis. Thase
cargoss include, but are not limited {o, proteins, .g., recombinasegs, nucleases, transcription
factors, cell cycle proteins, enzymes, apoplosis inducing proteins, profsin hormones,
receptors & kinases; nucleic acids, e.g. DNA & RNA, as well as lipids, carbohydrates, other
macromolecules, and smali molecules.

Targel cells 1o which profeins may be delivered in accordance with the invention may
vary widely. Target cells of intergst includeg, but are not imilted to: cell lines, Hela, HEK,
CHG, 283 and the like, Mouse embryonic stem cells, human stem cells, mesenchymal stem
cells, primary cells, tissue samples and the like. The cells may be of various types, e.g.
clonal cell lines, isolated cells, tissues, slices, and organs as wall as being from various

organisms, .g. mammalian, insedi, and yeast.
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KiTs

Aspects of the invention further include Kits, wherg the kils includs one or more
components smploved in methods of making protein enriched microvesicles, e.g., as
described above. In some instances, the kits may include genstic constructs which can be
used to make a microvesicle producing cell. Such genetic constructs may include a coding
sequence for the membrane-associated protein, e.g., as described above, where the coding
sequence may be present in an expression cassetie, where the promoler of the expression
cassetie may or may not be inducible. Genetic constructs present in the kit may include &
coding sequence for the nuclease protein, e.¢., as described above, where the coding
sequence may be present in an expression cassette, wherg the promoter of the expression
cassetlle may or may not be inducible. In yet other embodiments, the genstic construct
provided in the kit may be an expression cassetle configured o receive a coding sequence
for a nucleass prolein, but that lacks the nuclease protein coding sequence. For example,
the genetic construct may include a promoter separated from a dimerization domain by a
rastriction site {s.g., 2 multiple cloning site). Genstic consiructs present in the kit may include
a coding sequence for the microvesicle inducer, 8.g., as described above, where the coding
sequence may be present in an expression cassetle, where the promoter of the expression
cassetie may or may not be inducible. The genetic consiructs may be present on separale
vectors, as desired, or may be combined onto a single vector, where vectors of interest
include, but are not imiled, plasmids, viral veciors, elc. In some instances, the kits include
microvesicie producing cells, e.g., as described above. Where desired, the kits may include
additional reagents, such as microvesicle inducers, dimerization medialors, dimerization
disruptors, etc. The varicus compongnts of the kits may be present in separate containers,
or some or all of them may be pre-combined into a reagent mixiure in a single container, as
desired. Reagents may also be provided in a lyophilized format — ready {0 use. Kils may
also include a guantity of control microvesicles expressing a detectable protein {(e.g.,
AcGFP, elc) as a conirol. Where desired, the kits may also include antibodies for detecting
the microvesicles, substrates for guantifying microvesicle conlaining reporier proteins like
luciferase or transfection reagents or purification systems or kits for purifying of
concgntrating the microvesicles.

in addition to the above components, the subject kits may further include (in certain
embodiments) instructions for practicing the subject methods. These instructions may be
present in the sublact kits in a varisty of forms, one or more of which may be present in the
kit. One form in which these instructions may be present is as printed information on a
suitable medium or substrate, ¢.¢., a piece or pleces of papser on which the information is
printed, in the packaging of the kit, in a package insert, etc. Yet another form of these
instructions is a computer readable medium, e.q., diskelle, compact disk (CD), portable flash
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drive, Hard Drive etc., on which the information has been recorded. Yeat another form of
these instructions that may be present is a websile address which may be used via the

internet to access the information at a removed site.

The invention is illustrated further by the following examples thal are not {o be

construed as limiting the invention in scope o the specific procedures described in them.

EXAMPLES
Example 1: Ligand induced dimerization/multimerization incrgases the cargo lead in
microvesicles of the invention

To show the increase in microvesicle packaging efficlency using ligand induced
dimer-/multimer-ization, iwo different sets of microvesicles were prepared. The Tirst set was
produced following the production scheme shown in FIG. 2A with A/C heterodimerizer
{Clontech), while a second set of microvesicles, was produced without the addition of the
A/C heterodimerizer component throughout any production step. Therefore no aclive
targeting of the AcGFP-DmrC fusion protein into microvesicles of the invention would occur
(FIG. 2B}

The microvesicles were generated according 1o the following protocol, which is
outlined schemalically in FIG. 1. Two sets of 4.5x10E6 HEKZ93T packaging celis were each
plated onto a 10cm tissue culture plate and incubated at 37°C overnight in a tissue culiure
incubator following standard tissue cullure procedures. 24 hours later, the A/C
heterodimerizer compound was added 10 the media of one plats of the HEK283T packaging
cell ling at a final concentration between 83-500nM. Both plates of packaging cells were then
transiently co-transfected with thres plasmids: 5.5ug of pVBVG {for expression of VEV-G
anvelope profein); 2ug of pCP-DmrA (for expression of the CherryPicker DimrA chimeric
protein}; and 22.5ug of a third plasmid expressing AcGFP fused in-frame t¢ a DmrC
dimerization/multimerization domain. The transfection of the plasmid mix into the packaging
cells can be performed using any standard transfection reagent, such as XFecl, Fugeng or
Lipofectamine following their respeciive transtfection protocols. 24 hours iater, the A/C
heterodimerizer compound was added again to oneg of the culture plates at a final
concentration between 83-500nM o maintain the presence of the A/C helerodimerizer in the
media, allowing for continuous loading of AcGFP into the forming microvesicles.

Two 1o three days after the transfection, the supematent containing the microvesicles
was collected and treated with DNaset (1.8ul of 5U/pL DNasel at 37C for 30 minutes) to
remove any irace of plasmid DNA that could remain in the media. Affer the DNase

treatment, the media containing the microvesicies was spun briefly at 500g for 10min to
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pellet any cell debris. The collected supernatani was then filiered through a 0.45 ym PVDF
filter 1o eliminate any cells.

Finally, the microvesicie containing filtrate was centrifuged at ~8000xg at 4°C for
16hrs using a swinging bucket rotor. Affer the overnight centrifugation, the supernatant was
discarded, and the pelleted microvesicies resuspended in 60 1o 100ui of PBS {phosphate
buffer saling pH 7.5).

The amount of AcGPF-DmrC in the two different microvesicle preparations
fliustrated in FIG. 2A and 2B was analyzed via westernblot {(as shown in FIG. 3} using an
anti-AcGFF monocional antibody. Varying amounis {0.625-5ul} of the two microvesicle
preparations, produced sither with or without the A/C hetercdimerizer, were separeted via
SBS gel slectrophoresis and anlyzed via westemnblot analysis. A dilulion serigs of
racombinant AcGFP control protein (1.56ng - 25ng) was run on the gel as a means {o
determine relative protein amounts.

The known amounts of recombinant AcGFP loaded onto the gel allowed
guantification of the amount of AcGFP-DmrC protein confained in the microvesicle samples.
The “A/C” samples contained ~0.6 ngful (comparing the intensity of the bands between
lanes 3 and 14 in FIG. 3). However, the “+A/C7 samples contained ~5ng/pl AcGFP
{comparing the intensity of the bands betwegen lanes 8 and 12 in FIG. 3). This eguates fo an
approximate 8-fold increase in packaging efficiency of AcGFP-Dmr( into microvesicles

produced in the presence of the dimer-/multimer-ization agent.

Example 2: Delivery of Cre-Recombinase protein via microvesicles of the invention

Active packaging of the protein of interest into microvesicles of the invention by the
packaging cell is especially important for proteins containing a subcellular localization
sequence, like for example a nuclear iocalization sequence (NLS). When a protein having an
NLS is expressed, it will ordinarily be translocated into the nucleus of the packaging cell line,
away from the site of microvesicle formation along the plasma membrane. Using the dimer-
/multimer-ization process of the invention, this effect of the NLS can be counteracted —
driving franslocation of the protein of interest o the site of microvesicle production. This was
shown by packaging Cre-recombinase into microvesicles of the invention either in the
absence or the presence of the A/C helerodimerizer compound,

Cre-recombinase recombines a pair of short target sequences called the Lox
sequences. The Cre enzyme and the original Lox site called the LoxP sequence are derived
from bacteriophage P1. Any DNA sequence, flanked by these LoxP sites will be precisely
excised via Cre-recombinase, and the generaled free DNA ends will be re-joined.

A commercially available rhabdomyosarcoma cell line harboring an integrated, loxP-

conditional LacZ expression casselte was used {0 invesligate the advantage of active
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foading of Cre-DmrC-NLS into microvesicles of the invention (FIG. 4A). Successiul delivery
of Cre-recombinase to this cell ling will cause the excision of the stop codon flanked by loxP
sites in the Lacd gene, resulting in the expression of the full-length, functional LacZ gene
product, bela-galactosidase. The presence of this enzyme in celis can then be detecled via
the substrate X-Gal, turning celis biue upon cleavage of the subsirate by the Lac? enzyme.

Microvesicles of the invention were produced following the microvesicle production
protocol outlined in Example 1 by fransfecting the packaging cells with the microvesicle
packaging mix {containing the V3V-G expressing plasmid and the Cherry Picker-DmrA
expressing plasmid) and a plasmid encoding for Cre-DmrC-NLS. The microvesicle
production was performed following the standard microvesicle production profocol as
outlined in Exampie 1 sither in the presence or the absence of A/C heterodimerizer in the
media.

The two different Cre microvesicle preparations were then separately added 1o the
rhabdomysarcoma cell line. Cells treated with Cre-microvesicles produced in the absence of
AIC heterodimerizer {-A4/C) compound showed no detectable beta-galaciosidase activity.
However, cells treated with Cre-microvesicles produced in the presence of A/C
heterodimerizer compound (+A/C) showed blue staining of many cells, indicating the
expression of full length beta galactosidase due o the excision of the stop codon by the Cre-

recombinase, successiully delivered via microvesicles of the invention (FIG. 4B).

Example 3: Delivery of functional Cas? via microvesicles of the invention for genome
aditing applications

The ability to deliver Cas9 via microvesicles of the invention was first evaluated on an
HT1080 cell ling enginesred 1o contain a stably integrated, single copy of an AcGPF green
fluorescent protein expression cassetie. In this model system, the AcGFF expression
cassetie was targeted via CasB/sgRNA, s0 as to cause inserlions or deletions (indels) at the
site of the doubls strand break created by the sgRNA fargeted Cas? endonucleasse (FIG BA).
Flow cytometer analysis for the green Hluorescence signal allowed a simple read-out to
determine the knockout efficiency in the targeted cell population (FIG. 5B).

Microvesicles of the invention were produced in the presence of the A/C
heterodimerizer compound, following the standard microvesicle production protocol outlined
in example 1 by co-transfecting the packaging cells with the microvesicle packaging mix and
a plasmid encoding for Cas8-NLS-DmrC.

The HT1080-AcGFP cell line was first transfected with a plasmid encoding for an
sgRNA fargeting the AcGFP gene. 8 hours after the transfection, the cells were treated with
the CasS-DmrC-NLS containing microvesicles of the invention following the standard

microvesicle freatment protocol (FIG. 8).
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Six days after microvesicle treatment, targset cells were analyzed via flow cytometry
to determing the AcGFP knockout efficiency oblained via delivery of Cas8 protein via
microvesicles of the invention.

The flow cylomelry data of the parental HT1080-AcGFP cell line showed a single cell
population exhibiling green flucrescence (FIG. 7A).

However, HT1080-AcGFP cells, transiently transfected with a plasmid encoding an
sgRNA targeting AcGFP and treated with CasB-NLS-DmrC microvesicles of the invention,
appear in two distinct populations. About 61% of the cell population had lost its green
fluorescence due o the AcGFP gene being knocked out by the sgRNA targeted Cas8-NLS-
DmrC (FIG. 7B).These data support the use of Cas? protein dslivery via microvesicles of the

invention as a method {o perform successiul gene ediling.

Example 4: Optimization of the sgRNA

The single quide RNA (sgRNA} contains two different functional domains. The actual
guiding domain, responsible for binding 1o the target DNA seguence and the scaffold
domain, responsible for loading the sgRNA onto the Cas8 endonuclsase.

Two different scaffold sgRNA sequences (FIG. 8A: SEQ 1D NC: 1 and FIG. 8B: SEQ
iD NO: 2) were tesied to determine potential funclional differences in creating Casb-
mediated indels on & target ssguence.

The two different sgRNA scaffolds were lested by performing the same experiment
cutlined in Exampie 3 and shown in FIG. 6 and FIG. 7.

The HT1080-AcGPF cell line was transfected with a plasmid encoding for a sgRNA
fargeting AcGFP designed using sither scaffold 1 (SEQ ID. 1) or scaffold 2 (SEQ ID 2). in
both cases the Cash was delivered via microvesicles of the invention using the standard
microvesicie treatment protocol.

As shown in FIG. 9, sgRNAs designed using scaffold 2 achieved consistently higher

target knockout efficiencies as compared o sgRNAS designed using scaffold 1.

Example 5 Dealivery of functional CasBisgRNA complexes via microvesiclas of the
invention for genomas editing applications

In the previous exampies, Cas® endonuclease was packaged into the microvesicles
of the invention using the A/C heterodimerizer compound, in the absence of the sgRNA,
which was provided io the target celi separately. To deliver both Cas? as well as the sgRNA
as g protein/RNA complex using microvesicies, the packaging cell line was transfected with
both the CasB-DmrC-NLS encoding vector as well as an sgRNA encoding expression vector,
Therefore both were expressed in the packaging csil line. The Cas9 protein then acls as a

carrier protein — carrying the sgRNA into the microveicles. This resulted in the production of
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microvesicles preloaded with the sgRNA of interest and Cas9 (FIG. 10). Microvesicie
production was performed following the microvesicle production protocol cut-lined in
Example 1 except that 10ug of sgRNA plasmid and 22.5pg of Cast plasmid were used
together with 5.5ug of VEBVG and 2ug of cherry picker.

By expressing both, Cas8-NLS-DmrC and the sgRNA in the packaging cells, the
sgRNA is lcaded onto the Cas? protein in the packaging cell ling. This protein/RNA complex
is then actively Inaded into forming microvesicles of the invention via the &/C
helerodimerizer compound as shown in FIG. 10.

The preloaded Casb/sgRNA microvesicles of the invention, targeting AcGFP, were
delivered into HT1080-AcGFP celis using the microvesicle treaiment protocol (FIG. 11),

Flow cytomstry analysis of the parental HT1080-AcGFP ¢ell ling showed a single cell
population exhibiling green flucrescence (FIG. 12, left panel). However, HT1080-AcGFP
cells, treated with microvesicles of the invention containing a Casb/sgRNA complex targeting
AcGFP showed two distinct populations when analyvzed via flow cytometry (FIG. 12, right
panel}). About 85% of the cell population was found o have lost iis green Tluorescence due to
the AcGFP gene being knocked out by the preformed CasB/sgRNA complex delivered via

the microvesicles.

Example & Knockout of an endogenous targset gene using microvesicles preicaded
with Cas? and an sgRNA targetling the sndogencus gene

Similar results were oblained when targeting the endogencus membrang receplor,
Cha1 of Hela cells via microvesicles of the invention. in this experiment, microvesicles were
generated that containgd CasB/sgRNA complex whergin the complexed sgRNA targeted the
CD81 encoding gene. As previously, the microvesicles were produced following the standard
microvesicie production protocoi, cutlined in Example 1, with A/C helerodimerizer, by co-
transfecling the packaging HEK293T cell line with the microvesicle packaging mix {(5.5ug of
VEVEG and 2uqg of cherry picker) as well as a vector expressing CasB-DmrC-NLS (22 85ug)
and a sgRNA encoding plasmid (10ug) targeting CD81.

500ui of a Hela cell suspension {8x10°cells/mi) was plated in wells of a 24 well
tissue culture plate 24 hours before microvesicle treatment. 24 hours after plating, protamine
at a final concentration of Sug/mi was added to each well followed by the addition of 30ul of
CasY/sgRNA microvesicles. The 24 well tissus culture plate was then centrifuged at
2500rpm for 30 minutes to allow for increased microvesicle-delivery efficiency. After
centrifugation, the plate was transferred back into the lissue culture incubator for 48h.

The cells were expanded inte a 10cm plate upon confiuency and analyzed for
knockout gfficiency after 5 1o 6 days {(depending on the half life of the target protein).

The loss of CD81 exprassion upon successful knockout was monitored via flow
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cvtomelry using a flucrescently labeled antibody against CD81.

Flow cytometry analysis dala of the parenial Hela cell line shown in Fig.13 show a
single population that is positive for the presence of CD81 on the csll surfacs.

However, Hela cells trealed with the CD81-targetling CasBisgRNA microvesicles
containing a preformed Casb/sgRNA complex largeting CD81, appear in two distinct
populations. As shown in FIG. 13, about 44% of the cell population was negative for
antibody staining due 1o the successiul knockout and loss of CD81 expression on the celi

surface.

The invention, and the manner and process of making and using it, are now
described in such full, clear, concise and exact terms as 1o enable any person skilled in the
art to which it perfains, to make and use the same. His {o be understood that the foregoing
describes preferred embodiments of the present invention and that modifications may be
made therein without departing from the scops of the present invention as set forth in the
claims. To particularly point out and distinctly claim the subject matter regarded as

invention, the following claims conclude this specification.

37



on

10

15

20

25

30

35

WO 2015/191911 PCT/US2015/035413

WHAT IS CLAIMED IS:

1. A microvesicle comprising:

) a membrane-associated protein comprising at least one first dimerization
domain,

(i) a carvier protein comprising at least one second dimerization domain, and

{ii) a solute that binds to the carrier protein, wherein the solute is selected from
the group of: DNA, RNA, protein, carbohydrate, ribosomes, mitochondria, and smali

molscules.

2. The microvesicle according to Claim 1, wherein the solute is single guide RNA and

the carrier protein is a nuclease.

3. The microvesicle according to Claim 2, wherain the nuclease is CASS, CASY mutant

without nuclease activity, or Nickase mutant of Casd.

4 The microvesicle according to Claim 3, whersin the single guide RNA comgprises the

nucleic acid seguence of SEQ 1D NO: 1 or 2, and the nuclease is CASE.

5. The microvesicle according to Claim 2, wherein the nuclease is Argonaute nuclease.

6. The microvesicle according to Claim 1, wherein the solute is RNA and the carrier

protein is a RNA binding protein.

7. The microvesicle according to Claim 6, wherein the RNA binding protein is
bacteriophage MS2 coal protein, lambdaN22, PUMILION, or SREF1 deletion mutanis.

8. The microvesicle according to Claim 1, wherein the solute is DNA and the carrier

protein is a DNA binding protein.

9. The microvesicle according to Claim 1, wherein the membrane-associated protgin is
selected from the group consisting of a myristoylated protein, a famesylated protein, a

membrans anchor protein, a transmembrane prolein, and membrane lipid protein.

10. The microvesicle according to Claim 1, wherein the membrane-associated prolein
and the carrier protein are bound to each other through the first and the second dimerization

domain and form a multimerized complex.
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11, The microvesicle according to Claim 10, wherein first and second dimerization

domains are bound {¢ each other by a dimsrization mediator.

12. The microvesicle according o Claim 1, wherein the microvesicle further comprises a

microvesicie inducer.

13. The microvesicle according to Claim 12, wherein the microvesicle inducer is selected
from the group consisting of a viral membrane fusion protein, a chemical inducer, proteolipid
protein PLP1, the clathrin adaptor complex AP1, floppass, flippase scramblase, TSAPS and
CHMP4C.

14. The microvesicle according to Claim 1, wherein the first and second dimerization
domains are selected from DmrA and DmrC domains, DmrB domains, DmrD domains,
dimerization domains of the dihydrofolate reductase system, dimerization domains of TAg

and p53, and dimerization domainsg of SH2 and a PTRK protein.

15, A method of preparing the microvesicle according to Claim 1, the method comprising:
(a) maintaining a packaging cell comprising:

{i) the membrane-associated protein comprising at least one first dimerization
domain,

(i) the carrier protein comprising at least one second dimerization domain, and

{ii) the solute that binds to the carrier protein, and

(b} producing the microvesicle from the packaging cell under sufficient conditions.

16. The method according o Claim 15, wherein the packaging cell further comprises:
a first expression casselle comprising a first coding sequences for encoding the
membrane-associated profein comprising a first dimerization domain; and
a second expression cassetle comprising a second coding sequence for encoding

the carrier protein comprising a second dimerization domain,

17. The method according to Claim 18, wherein the packaging cell further comprises a
third expression casselle comprising a third coding sequence for encoding the solute

selscied from the group of RNA, and protein.

18. A microvesicle comprising:

{i) a membrane-associated protein comprising at least one first dimerization
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domain, and
(it} a nuclease protein comprising at least one second dimerization domain,
wherein said nuclease is selected from the group consisting of a Cas protsin, and

Argonaute nuclease.

18. The microvesicle according to Claim 18, wherein the Cas protein is elected from the
group consisting of: Cas1, Cas1B, Cas2, Casd, Cas4, Cash, Cast, Cas?, Cas, Cash {(also
known as Csnt and Csx12), CasiG, Csyl, Csy2, Csy3, Tsel, Cse2, Csci, Csc2, Csab,
Csn2, CsmZ, Csm3, Camd, Csmb, Csmb, Cmrt, Cmr3, Cmrd, Crrwd, Cmir6, Csb1, CsbZ,
Csb3, Csx17, Caxi4, Csx10, Csx186, CsaX, Csx3, Csx1, Csx15, Csfl, Csf2, Csf3, Csf4,

homologues thereof, and modified versions thereof.
20. The microvesicle according to Claim 18, wherain the membrane-associaled profein

and the nuclease are bound to gach other through the first and the second dimerization

domain and form a multimerized complex.
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