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TRANSDUCTION BUFFER

TECHNICAL FIELD

This invention relates to transduction buffers amethods for introducing molecules into cells.
BACKGROUND ART

The ability to introduce small- or macromoleculewicells finds important applications in reseaacid
medicine. Unfortunately, the cell membrane presentmajor obstacle for the introduction of many
biologically active molecules.

While the ability to introduce proteins into celis many applications in research and medicine, a
reliable, non-toxic and efficient method to do saiill lacking.

Castellot JJ Jet al., (Proc Natl Acad Sci U S A. 1978 Jan;75(1):351ecBhtemplated a method for
introducing small molecules into cells using a medicontaining 4.2% (w/v) sodium chloride. They
demonstrated trypan blue uptake by immortalised steimBHK cells upon hypertonic treatment.
However, the authors did not demonstrate thatiygab blue was released into the cytoplasm or other
cellular compartments following uptake. Furthermdrgpan blue is a small molecule and it was neacl

it the procedure would allow uptake of macromolesuks well. From data presented in this application
in particular Figures 2G and 3E, we demonstrat¢ #fthough NaCl-mediated hypertonicity induces
uptake of macromolecules from the extracellulacepaa macropinocytosis, the addition of transdurcti
compounds such as Non-detergent sulfobetaines hmr aompounds described in this application is
required for release of the macropinosomes intartiacellular lumen. In addition, 4.2 grams of isod
chloride per 100 mL media translates to a mediaotsity of approximately 1727 mOsm/Kg, which is
not normally tolerated by primary cells. As sudte method described by Castellot and colleaguasotan
be applied for the transduction of macromolecutés primary cells and/or stem cell lines.

In 1982, Okada and Rechsteiner demonstrated ttgrtonic treatment induced by 0.5M Sucrose and
10% PEG1000 followed by a brief hypotonic treatmentuced the intracellular uptake of
macromolecules and proteins into immortalized eéis’. Unfortunately, this technique proved limited
to immortalized cell lines, and yields poor protgensduction efficiencies in primary cells. Wetégkthe
transduction of CRE recombinase protein into muengryonic stem cells (MESCs) using the Okada
method. We used a transgenic mESC line in whichR&-@ecombinase inducible reporter was stably
integrated in the ColA1 locus This reporter encompasses a CMV promoter folloted LoxP- flanked
Stop-casette and an eGFP reporter gene (FigureeBYjP expression is induced upon successful CRE-
recombinase mediated excision of the Stop casg€itgure 1A). As shown by flow cytometry,
transduction of mMESCs with 5uM CRE-recombinaseginogielded 6% GFP-positive mESCs, indicating
that the combined hypertonic/hypotonic transductinathod described by Okada and colleagues is
inefficient in transducing primary (stem) cellsd&ie 1B).
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A few years later, independent discoveries frome@rand Frankél® for the first time demonstrated that
the HIV TAT protein can transduce itself across ¢k membrane. The peptide sequence mediating this
self-transduction was subsequently identified dma to drive cell transduction when chemicallyeds

to heterologous proteifisFinally, Nagahara and colleagues demonstrated TtA3-peptide mediated
protein transduction also worked when the TAT miptivas cloned as an in-frame fusion to the ‘cargo’
protein of interest

A clear advantage of TAT-peptide mediated proteandduction is that the method appears to work with
all cell types, including primary cells, and is geally non-toxic. However, the strong positive genf

the TAT peptide severely hampers the productionative recombinant TAT-fusion proteins i coli,
with much of the recombinant protein ending upnoliusion bodies. In addition, subsequent research
demonstrated that some earlier reports on sel&tharing proteins were in fact the result of experital
artefact introduced during fixation of the céllsin addition, this technology requires the TATppée to

be fused to the recombinant protein and therefionésl the type and number of proteins that can be
transduced. The TAT peptide itself can disrupt filmgction or localization of the recombinant protein
leading to unexpected or unwanted results. Finallyd perhaps most importantly, the transduction
efficiency of TAT-fusion proteins is quite variald@d dependent on the nature and physical propertie
the protein cargo.

Significant effort has capitalized on the introdort of nucleotides (DNA, RNA, siRNA) and/or
therapeutic molecules into cells, and while primegyls still pose a challenge, progress has beatema
using cationic lipids, nanopatrticles or viral vastas transmembrane carriers.

For example, US 6124207 describes the use of antatamphipathic transfection agent with fusogenic
properties to create liposomes (detergent micellE@s@¢se liposomes are subsequently mixed with DNA
to form liposome-DNA complexes prior to transfentianto cells. When performedn vivo,
“physiological” saline (aqueous NaCl solution atgd), also known as “normal” saline and a close
approximation to osmolality of NaCl in blood, isdadl to the transfection formulation. This applicati
explains that transfection efficiency of “naked” BNs low.

Such “carrier” methods, have also been used fgetad gene modification, wherein DNA or mRNA
encoding the genetic modification proteins, e.gLENs, CRISPR/CAS and other gene editing systems,
is transfected into cells. Usually such gene modifon is performed by viral transduction. These
methods result in significant risk of adverse rigant, including acute immune rejection due to thghh
dose of injected virus and tumor formation resgltirom viral integration position effects. Furthemra,

the nucleic acid is expressed within the cell fresal days resulting in high expression of enzyares
greater likelihood of off-target effects, e.g. gemenodification of non-target sequences within ted.
Viral transduction also remains inefficient for t@én cell types. These difficulties hamper clihica
application of the gene editing systems mentioreEye.

The development of new technologies for the inftalee delivery of proteins has, by contrast, be¢m
virtual standstill. Nonetheless, the ability toroduce proteins into cells would have many apghboeat in
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vaccine development, genome editing, epigeneticoggpmming, (stem) cell differentiation and the
manipulation of intracellular processes. The degwelent of better technologies for the efficient
intracellular delivery of proteins and other macodecules, particularly in primary cells, is thenefo
much needed.

Thus there is a need for more efficient methodgromsducing proteins, and other molecules, intts.ce
Transduction of molecules into cells is desiralde & number of therapeutic and scientific purposes,
including gene therapy.

Here we describe that a combination of salt-indulbggdertonicity, a small molecule compound and
osmoprotectants drives the robust and efficienbéction of small- and macromolecules into primary
cells, without affecting cell viability. We providexamples of how protein, nucleotides, nanosphemes
macromolecules can be introduced in a wide vaoégrimary cells, stem cell lines and their derives.

In addition, we describe the simultaneous transdniaf protein and nucleotides into cells.

SUMMARY OF THE INVENTION

The invention provides a method for transducingdegule of interest into a cell, wherein the method
comprises contacting said cell with the moleculeirgérest and a transduction buffer, wherein the
transduction buffer comprises a salt, a transdoct@npound and preferably an osmoprotectant.

The “method for transducing a molecule of interedb a cell” is also referred to herein as the
“transduction method” or “method for transductiomhese terms are used interchangeably to reféreto t
same methods.

The invention also provides a transduction buffemprising a salt and a transduction compound. The
invention also provides a transduction buffer casipg a salt, a transduction compound and optignall
an osmoprotectant and/or a cell culture medium.

The invention also provides the use of the transoluduffer of the invention, for transducing a ealle
of interest into a cell.

The invention also provides the use of a transdadbuffer of the invention for genetic modificatidor
example genetic modification of specific target ismpes (also referred to herein as “gene editing”).
Examples of gene editing systems that can be intexinto cells using transduction compounds, losiffe
and methods of the invention generally involve at@n with nuclease activity, for example
endonuclease or exonuclease activity. The nucleetsgty may be present in the wild type versiortle
protein or it may be added, e.g. by recombinanhoug, to generate a fusion protein. Examples oé gen
editing systems that can be introduced into callagitransduction compounds, buffers and methods of
the invention include proteins that “inherentlyfgat a particular sequence, such as zinc fingeleases
(ZFNs) and TALENS, and also proteins that are “gdidto target sequences using nucleic acids (e.qg.
small guide RNAs [sgRNAS] or guide DNA [gDNA)), fexample as part of the CRISPR-Cas9 system,
the Cascade system, TtAgo and other Argonautersgstand other FOKI-nuclease associated proteins.
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By “inherently” it is meant that the protein doest mequire an additional guide molecule to reaeh it
target sequence.

The invention also provides a transduction buftaoading to the invention, for use in therapy.

The invention also provides a pharmaceutical coitipascomprising the transduction buffer of the
invention.

The invention also provides the use of an osmoptaté¢ for transducing a molecule of interest into a
cell. For example, the invention provides the ukglgcine and/or glycerol as an osmoprotectant for
transducing a molecule of interest into a cell.

The invention also provides the use of a transdnctiompound as described herein, such as a non-
detergent betaine or any compound described ineThMor transducing a molecule of interest intk

The invention also provides the use of a transdnatompound selected from Table 1 for transducing a
molecule of interest into a cell.

The invention also provides the following compountl0, #11, #164#42,#34,#41, #40, #39, #33, #15,
#11,#29,#36 and #46 (as numbered in Table 1).

The invention also provides a method for modifyangucleic acid, such as a genetic sequence, iil,a ce
wherein the method comprises contacting said détl avprotein capable of modifying a nucleic acndl a

a transduction buffer, wherein the transductiorfdsufomprises (i) a transduction compound, (iipk er

an activator/enhancer of a sodium-hydrogen tratspand preferably (iii) an osmoprotectant.

DETAILED DESCRIPTION OF THE INVENTION

Transduction is the internalisation of moleculetia cell, from the external environment. A small
number of proteins and peptides have the inhenamepty of being able to penetrate the cell memdran
Other proteins can have this transducing propestyfesred upon them by altering the environmental
conditions of the cell or by modifying the proteifinterest for transduction.

The invention provides improved methods and buffiers transduction of molecules into cells. In
particular the invention provides a novel buffermpmsition that allows efficient transduction of
molecules into cells, without the need to modify tholecule and with minimal loss of cell viability.

Specifically, the inventors have found that a tdamsion buffer comprising a salt, a transduction
compound and, preferably, an osmoprotectant, alkwgrisingly efficient uptake of proteins, and eith
molecules, into cells. The inventors were tryingniprove the efficiency of the transport of OCTddad
with a cell penetrating peptide (CPP) into stemiscelith the aim of generating iPS cells. They
unexpectedly discovered that they could achievprgimgly good efficiency with a transduction buffe
containing a salt in combination with a proteinbditaer, so much so that the CPP tag could be remov
and efficient transduction still occurred. The intggs have found that the level of transduction a@izo

be improved by the addition of an osmoprotectahickvincreases the efficiency of transduction asd a
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increases the viability and continued proliferatiinthe transduced cells. They have shown that the
method works for other molecules, such as smalemés, nucleic acids and proteins with a range of
sizes, charges and functions. They have also deérated that the method works for transduction aito
the tested cell types, including a variety of priynaells, stem cell lines and their derivatives.
Furthermore, they contemplate that the transdudbioffier can be useth vivo, in particular when a
viscosity enhancer is added to the transductiofehufhus the buffer has many uses for transduaing
range of molecules into a range of cells, bathtro andin vivo.

Without wishing to be bound by theory, the investbypothesise that a transduction buffer comprising
the combination of a salt and a transduction comgdas defined below) activates the macropinocgtosi
pathway. This hypothesis is supported by a numbexperiments by the inventors, involving inhibitio

of alternative transport pathways (see the Exaples instance, it is supported by Example 14,civhi
describes the use of a Galectin3-GFP reporter reyated demonstrates macropinosome vesicle leakage
during protein transduction. Example 14 therefodidates that the transduction buffer describeéiher
promotes uptake of proteins, and other moleculgsnécropinocytosis and induction of macropinosome
vesicle leakage to release the transduced moletigerest into the cytosol. Macropinocytosis ig/jpe

of fluid-phase endocytosis characterized by itepehdence of clathrin and formation of relativelsgk-
sized vesicles, with diameters ranging from 0.2 tom. Despite being generally poorly characterized
with few specific markers, macropinocytosis hasnbgieown to be important for immune surveillance in
dendritic cells. In other types of cells, macrogiytosis occurs at a low spontaneous rate but isllyap
induced in response to growth factors. The functbrmacropinocytosis in the cells outside of the
immune system remains elusive. The inventors hygsiéle that their transduction buffer activates the
macropinocytosis pathway and enhances uptake oéaulgls by this pathway into the cell. It also
enhances release of molecules from endosomeshiateell cytosol. The salt is hypothesized to penfor
two roles: firstly it generates hyperosmolality asetondly it binds and activates key membrane piahs
proteins involved in macropinocytosis. The transidiccompound is thought to enhance uptake of the
protein or other molecule of interest into vesickkss also thought to maintain the native struetand
stability of the molecule of interest and perhaijgsim the intracellular release from the macropirtotic
vesicles. The combination of the salt with the $daurction compound appears to be important foriefitc
transduction. To the best of our knowledge, thisilgimation has not previously been used to stimulate
transduction of proteins or other molecules intitsce

Methodsfor transduction

The invention provides a method for transducingdegule of interest into a cell, wherein the method
comprises the steps of contacting said cell withritolecule of interest and contacting said celhveait
transduction buffer comprising a salt and a tran8dno compound.

The molecule of interest and the transduction budfe contacted with the cell in combination, aithe
simultaneously, sequentially, or separately in arder. In a preferred embodiment, they are adnarest
simultaneously €g. from a container containing the combination). Thinssome embodiments, the
transduction buffer comprises the molecule of edgerin some embodiments, the method involves the
step of mixing the transduction buffer and the roole of interest.
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In some embodiments, the method comprises theo$teptaining and/or maintaining the cells in cuétur
medium prior to transduction. In some embodimethis,cell is plated in a culture medium, suitable fo
the particular cell, prior to transduction. In soerabodiments, the method further comprises comigcti
the cell with a culture medium during transductibnsome embodiments, the method includes the step
of mixing the transduction buffer with a culture anem.

In some embodiments, the method comprises the efeistaining the cells and maintaining the calls i
culture medium prior to transduction and contactimg cell with culture medium during transductitm.
some embodiments, the method includes the stepxafigrthe transduction buffer with a culture medium
prior to contacting the cell with the transductiouffer. In some embodiments, after transductios, th
transduction buffer is aspirated and/or the ceksvegashed, e.g. once or twice. Typically, a regaldiure
medium, suitable for the particular cell type, wile added to the cells at this stage. In some
embodiments, the method comprises the step ofrobtathe cells and/or maintaining the cells in grét
medium after transduction.

In some embodiments, the osmolality of the finahsduction buffer is adjusted to the desired oslihpla
by addition of salt. In a preferred embodiment, fihal transduction buffer, comprising the molecafe
interest and/or the culture medium, is hypertoritb wespect to the cell cytosol.

The method for transduction may be perforrimedvo orin vitro.

In some embodiments, the transduction method doegwmolve a transmembrane carrier, for example
selected from a viral plasmid, a nanoparticle,p@dome or other lipid vesicle (including micellek).
some embodiments, the transduction method is n@h-wneaning that it does not rely on a viral
transfection system and/or does not involve a \ptabmid, for example as a transmembrane carrier. |
some embodiments the transduction method does mailve cationic lipids, for example as
transmembrane carriers. In some embodiments, dnsduction method does not involve liposomes, for
example as transmembrane carriers. In some embotimée transduction method does not involve
nanoparticles, for example as transmembrane caurriBr some embodiments, the transduction method
does not involve outer membrane vesicles (OMVs), eicample as transmembrane carriers. In some
embodiments the methods does not involve cell patieg peptides.

In some embodiments, the method involves activatingnhancing macropinocytosis and/or enhancing
endosomal lysis, thus enhancing uptake of molecpladicularly the molecule of interest, into thedlc

In the context of this application, it is to be enstood that “endosomes”, which are internal
invaginations of the cell membrane involved in nopinocytosis, and comprising a complex mixture of
lipids, differ from “liposomes” or “micelles”, whit are synthetic lipid vesicles typically formedrfra
fewer types of lipid molecule, and from “OMVSs”, vdhi are bacterial vesicles which may be modified to
make them suitable as transmembrane carriers.

In one embodiment (the “first protocol” or “Protdct2/500), transduction is performed for about 12
hours at an osmolality of about 500 mOsm/Kg. Fa@meple, the day before (about 12 to 24 hours before)
transduction, cells are plated in the appropriateuce media without antibiotics. The following dée

day of transduction), 1x “transduction buffer 50Qfansduction buffer with an osmolality of 500
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mOsm/Kg) is prepared with the molecule of interggttransduction buffer and the molecule of interes
are mixed with cell culture media to obtain 1x sdnction buffer at an osmolality of 500 mOsm/KgisTh
mixture of media/transduction buffer/molecule dlerest is added to the cell. The cell is incubatéd
the molecule of interest in the transduction buffar about 12hrs, after which time, the transductio
media is removed and exchanged for regular cuinedia.

In another embodiment (the “second protocol” orotBeol 3/700"), transduction is performed for ab8ut
hours at an osmolality of about 700 mOsm/Kg. Fa@neple, the day before (about 12 to 24 hours before)
transduction, cells are plated in the appropriateuce media without antibiotics. The following dalx
“transduction buffer 500" is prepared with the nmolle of interest. NaCl or RbCl or another salt (see
below) is added to adjust the final osmolality 60 mMOsm/Kg. For example, 2ul of 5M NaCl is added to
98ul of 1x “transduction buffer 500” to obtain adl osmolality of 700 mOsm/Kg. The cell is inculzhte
with the molecule of interest in the transductiardfér for about 3hrs, after which time, the transtthn
media is removed and exchanged for regular cuihedia.

In another embodiment (the “third protocol” or “Rycol 2/1000), transduction is performed for ab®ut
hours at an osmolality of about 1000 mOsm/Kg. Faneple, the day before (about 12 to 24 hours
before) transduction, cells are plated in the appate culture media without antibiotics. The feliag

day, 4 volumes of 1x “transduction buffer 1000” anixed with 1 volume 5x “transduction buffer 500"
containing the molecule of interest. The cell isuibated with the molecule of interest in the tramcsion
buffer for about 2 hours, after which time the s@dmction media is removed and exchanged for regular
culture media.

In another embodiment (the “fourth protocol” or ‘€Qaadapted transduction protocol”), transduction is
performed for about 60 to 90 minutes at an osntglaf about 1250 mOsm/Kg. The transduction
compound is preferably used at a concentratiorbo@it250 mM. This protocol is particularly usefat f
transducing molecules with low solubility, includinfor example, the Cas9 nuclease protein which is
part of the CAS/CRISPR gene editing system. Formgte, the day before (about 12 to 24 hours before)
transduction, cells are plated in the appropriatuce media, preferably without antibiotics. The
following day, the molecule of interest is addedhe transduction buffer. The cells are incubatétth w
the molecule of interest in the transduction bufifar about 60 to 90 minutes, after which time the
transduction media is removed and exchanged falaegulture media.

In another embodiment, transduction is performedoabined osmolarities. For example, for about 2
hours at an osmolarity of about 2000mOsm/Kg folldvily about 10 hours at an osmolarity of about
500mOsm/Kg. For example, the day before (aboubtI24thours before) transduction, cells are plated i
the appropriate culture media without antibiotitfie following day, 4 volumes of 1x “transduction
buffer 1000” are mixed with 1 volume 5x “transdoctibuffer 500” containing the molecule of interest.
The cell is incubated with the molecule of inteiieghe transduction buffer for about 2 hours, raftbich
time the transduction media is removed and excldfgie 1x “transduction buffer 500” (transduction
buffer with an osmolality of 500 mOsm/Kg), with @rithout the molecule of interest. The cell is
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incubated with the molecule of interest in the isarfisduction buffer 500" for about 10-12hrs, after
which time, the transduction media is removed amhanged for regular culture media.

For the avoidance of any doubt, it is to be undedtthat these methods and protocols are compatible
and combinable with the transduction compoundsis,sabsmoprotectants, and other additional
components of the transduction buffer describedétail below. These protocols and methods can be
used to transduce various molecules of interesitidiing combinations of molecules of interest io&dls,

as described in detail below.

Transduction compound for transduction

Inclusion of a transduction compound in the tractida buffer is required for efficient transduction
Thus the invention provides buffers comprisingeatsk one transduction compound as described herein.

The inventors have found that various compoundgmwised in the context of the transduction buffer o
the invention, allow efficient transduction of a lexule of interest into a cell. Thus a “transductio
compound” as used herein, refers to any compouaidethhances transduction of a molecule of interest
into a cell, when used in the context of a transdadouffer of the invention. The beta-lactamassags

as described in the examples, can be used to detemrhether or not a compound is a transduction
compound. If a further assay is required to testdfiicacy of a transduction compound, particulady
demonstrate the involvement of the macropinocytosechanism, the Gal3-GFP assay described in
Example 14 can be used.

There is accordingly provided, in one aspect, ehowfor identifying a transduction compound, wherei
the method comprises

contacting a cell which has been modified to exprasgalectin-3-GFP (GAL3-GFP) fusion
protein with a candidate transduction compoundgisi transduction buffer or protocol described imere
(e.g. the first protocol, second protocol, thirdtpicol or fourth protocol described above); and

observing localisation of GAL3-GFP by green flumes emission;

wherein localisation of GAL3-GFP to intracellularesicles is indicative of an effective
transduction compound.

In some embodiments, the method for identifyingaadduction compound further comprises isolating
the effective transduction compound and, optiondltgorporating the transduction compound into a
transduction buffer described herein or using ttedduction compound in a transduction method
described herein. In some embodiments, the camdittahsduction compound replaces the known
transduction compound in the transduction buffeprotocol described herein. In other embodimehs, t

candidate transduction compound is additional tmewn transduction compound in the transduction
buffer or protocol described herein. In a preferemdbodiment, the green fluorescent emission is
compared to a control cell which has been treatethé same way except that it does not contain the
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candidate transduction compound. In some embodsn#ére transduction compound is any transduction
compound identifiable by this method.

The first transduction compound that the inventhssovered was a non-detergent sulfobetaine (NDSB;
e.g. NDSB-201). The inventors tested derivativethif compound (such as non-detergent carbobetaines
[NDCBs] and found a number of other related compisuthat are also transduction compounds.
Although there are a variety of compound structihes work, there are a number of common features
that can be drawn from the various different conmatsy as described in more detail below.

The inventors have found that transduction compswgsherally comprise at least one hydrophilic
functional group. In some embodiments the transdanacompound has only one hydrophilic functional
group; examples of such compounds include pentamiit(example compound #23 in Table 1) and
butylamine (example compound #24 in Table 1). ims@mbodiments, the transduction compound has
more than one hydrophilic functional group, e.g3.24, 5 or more.

While the transduction compound allows substafittieddom at its termini, it appears that a hydrdphil
group is preferred at either end of the carbonrchetierefore, in preferred embodiments, the tractioiu
compound is a compound having at least two hydtigpirioups, each separated by a short hydrophobic
group, such as C1-5 alkylene. An alkylene with &ore carbons in the chain is likely to be toxic¢te
cells. The hydrophilic groups may be the same fherdint.

In some embodiments, the transduction compounditaine. As used herein, the term “betaine” refers
to any neutral chemical compound with a cationiecfional group, which bears no hydrogen atom, and
with an anionic functional group. Non-limiting exphas of cationic functional groups include quateyna
ammonium cations. Non-limiting examples of aniohiactional groups include carboxylate, sulfonate
and phosphate anions.

In some embodiments, the transduction compoundtia betergent. In some embodiments, the
transduction compound is a non-detergent betaine t&rm “non-detergent betaine” (NDB) refers to a
betaine which does not form micelles in solutiohu3 transduction compounds that are not deterglents
not form liposomes or micelles in solution.

For example, in some embodiments, the transductompound is a non-detergent sulfobetaine (NDSB).
NDSBs are betaines having a sulfonate group sejmhfadm a quaternary nitrogen group, by a short
hydrophobic group, such as C1-5 alkylene.

In some embodiments, the transduction compoundisadl molecule compound. In some embodiments,
the transduction compound has fewer than 50 casbams, fewer than 30 carbon atoms, fewer than 25
carbon atoms or fewer than 20 carbon atoms. In santdiments, the transduction compound has a
mass of less than 1000 g/mol, less than 500 gless,than 400 g/mol, less than 360 g/mol, less 30an
g/mol, less than 200 g/mol.
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Without wishing to be bound by theory, the inveatbypothesise that these compounds can fold towards
each other creating a hydrophobic and a hydropkitie of the molecule allowing the compound to
function particularly well as a transduction compadufor example as shown below.

Oy 0
S
o 0)
R, (I) R, ©
l® |
Rz_’Tl_(CHz)n_ﬁ:O —— > Rz_,}l@
Rj o) R,

Folding

In some embodiments, the quaternary nitrogen asopait of an aliphatic or aromatic ring structure.
some embodiments, the transduction compound is &SBN selected from dimethylethyl-(3-
sulphopropyl)-ammonium salt (NDSB-195, Vuillarda#t(1994) FEBS Letters, 353, 294-296; Goldberg
et al (1995/1996) Folding & Design, 1, 21-27), 3pfiridino)-1-propanesulfonate (NDSB-201),
dimethylbenzylammonium propanesulfonate (NDSB-28&ethyl-t-butyl-(3-sulphopropyl) ammonium
salt (NDSB-222t), 3-(1-methylpiperidine)-1-propamésnate (NDSB221), dimethyl-(2-hydroxyethyl)-
(sulphopropyl)-ammonium salt (NDSB-211; Vuillard &t (1995) Anal Biochem, 230, 290-294). In a
preferred embodiment, the transduction compouNDSB-201.

It has also been found that non-detergent carbdairess (NDCBs) function as transduction compounds.
Thus in some embodiments, the transduction comp@uaidl NDCB. NDCBs are betaines having a
carboxylate group separated from a quaternarygetrgroup, by a short hydrophobic group, such as C1
5 alkylene. NDCBs may be able to fold up in solntés described above for NDSBs, enhancing their
transduction promoting capability. The inventorarid that substitution of the sulfonate group of an
NDSB for a carboxylate group to form an NDCB doetmegatively affect the transduction efficiency.
As shown in the examples below, many NDCBs workhaigreater efficiency and with reduced impact
on cell viability and/or cell proliferation than NEBs.

Non-betaine compounds which are zwitterionic irugoh across a broad range of pHs also function as
transduction compounds. For example, some amirs asiich as GABA (gamma-aminobutyric acid),
which are zwitterionic in solution, also functios taansduction compounds. Zwitterionic compounds
often comprise at least one acidic and at leasbasi functional group, which may become ionised i
solution. Acidic groups include carboxylic acidlfenic acid and phosphonic acid functional groups.
Basic groups include amino groups. Thus, in somgoeliments, the transduction compound is a
zwitterion, for example, a non-detergent zwitteripreferably comprising at least one acidic funwio
group and at least one basic functional groupehtain preferred embodiments the acidic functional
group is separated from the at least one basiggimua short hydrophobic group, such as C1-5 aiig/l

It has also been surprisingly found that non-zwitt@c compounds operate as transduction compounds.
Instead of having a negatively charged functiomalig (such as carboxylate or sulfonate as described
above), compounds comprising bioisosteric grouph si$ an amide or tetrazole also function as
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transduction compounds. Thus, in some embodimbatgansduction compound comprises an amide or
tetrazole functional group. In certain preferrechediments the transducing promoting agent (the
transduction compound) comprises an amide or w#danctional group separated from another
hydrophilic group, preferably amino or ammonium,gbghort hydrophobic group, such as C1-5 alkylene.

Thus in some embodiments, the transduction compsuadwitterion or a non-zwitterionic compound
with a group that is bioisosteric to a negativedtgrged functional group. It is thought that owinghe
bioisosteric group, in combination with a positiveharged functional group, these non-zwitterionic
compounds have some “zwitterionic properties”, mallow the folding mechanism described above.
Groups that can be bioisosteric to a negativelyggwafunctional group include, but are not limited
amide and tetrazole functional groups (for examge, compounds #43, #15, #29, #34, #30, #31 and
#45). Figure 6 shows the results of studies lookintpe structural-functional relationships of
transduction compounds.

In accordance with the above, the transduction camg may be a compound of formula |

wherein:

X is selected from NER?, NR'R’R*+, OH and COOR

Y is selected from S, SO;, COO, CONH,, COOR? CONRR®, tetrazole, OH, NKR™, and H;
nisl,2,3,4,5or6;

R', R and R, are each independently selected from H, C1-8,al&-10 aryl, C6-15 aralkyl, CORC1-

6 alkyl, C5-10 aryl and C6-15 aralkyl may optiogdie substituted with R OH or COOH;

or Rt and R may come together with the nitrogen to which taeyattached to form heterocyclyl;

or when X is NBR’R*+, R may be absent and'@nd R may come together with the nitrogen to which
they are attached to form heteroaryl;

R, R, R, R, RY, R, R are independently selected from H and C1-6 alkyl;

R’ and R are independently selected from H, C1-6 alkyl @it or R may come together with'Ro
form heterocyclyl;

heterocyclyl is a monocyclic ring which is satuthte partially unsaturated, containing where pdeslb
or 2 ring members independently selected from N®NRR“R™+ and O, and 2 to 5 carbon atoms;
heterocyclyl may optionally be substituted with C@-alkyl, C1-C6 carboxylic acid or C1-C6 alkyl
substituted with R

heteroaryl is a 5 or 6 membered aromatic ring éoimg, where possible, 1, 2 or 3 ring members
independently selected from N, FRNR"R*+ and O; heteroaryl may optionally be substituteith & 1-
C6 alkyl, C1-C6 carboxylic acid or C1-C6 alkyl stihged with R';
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R™ and R* are independently selected from H, C1-6 alkyl, @lcarboxylic acid and C1-C6 alkyl
substituted with R

alkyl is a linear or branched saturated hydrocarbon

R" is selected from S, SOy, COO, CONH,, COOR? CONRR®, tetrazole, OH and NER™;

C1-6 carboxylic acid means —COOH or a C1-5 alkgictsubstituted with COOH

and tautomers, solvates, zwitterions and saltedfier

Transduction compounds may in some embodiments Gsen@ quaternary or basic nitrogen group. Thus
in some embodiments the transduction compounctémgpound of formula | wherein X is NRPR*+ or
NR'R%.

In some embodiments'RR? and R, are each independently selected from H and Oky6 which may
optionally be substituted with"/ROH or COOH; or Rand R may come together with the nitrogen to
which they are attached to form heterocyclyl, praty piperidine, piperazine or morpholine, whichym
be optionally substituted; or®Rnay be absent and"Rnd B may come together with the nitrogen to
which they are attached to form heteroaryl, prdfigrayridyl, which may be optionally substituted.

In some embodiments the transduction compounct@ygound of formula | wherein Y is selected from
SOH, SO, COO, COOR? CONRR® and tetrazole, preferably selected froms80SQ;, COO,
COOR? andCONRPR®, and more preferably selected from COOOOH and CONFR®.

In some embodiments "Ris selected from S@I, SO, COO, COOR? CONRR® and tetrazole,
preferably R is selected from S@I, SQ°, COO, COOR? andCONRR®, and more preferably R is
selected from COQCOOH and CONRR®.

It has been found that when the carbon chain stpgrd and Y is three carbon atoms long transductio
is promoted more efficiently. Thus in some emboditagthe transduction compound is a compound of
formula | wherein nis 3. In other embodimentss &, 2, 3, 4, 5 or more. In some embodiments,;nas
less, 4 or less, 3 or less or 2 or less.

In some preferred embodiments, the transductionpoomd is a compound belonging to a subset of
formula I, according to formula I

TNy

(In

wherein

X is selected from NHR? and NRR?R®+:

Y is selected from Sgi, SOy, COO, CONH,, COOR?andCONRR®,

R', R’ and R, are each independently selected from H and Clk@ avhich may optionally be
substituted with OH or COOH; or'Rand R may come together with the nitrogen to which tlaeg
attached to form heterocyclyl, preferably piperaipiperazine or morpholine, which may be optignall
substituted; or when X is NR’R*+, R may be absent and*Rind B may come together with the
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nitrogen to which they are attached to form hetgtpgreferably pyridyl, which may be optionally
substituted,;
and all other groups are as defined in formulaovab

In some embodiments, the transduction compoundagtnts quaternary nitrogen group. Thus, in some
embodiments the transduction compound is a compo#ifiormula | or Il wherein X is NER’R%+. In
some embodiments the transduction compound is @aond of formula | or Il wherein X is Ni.

In some embodiments, the quaternary nitrogen mapaoe of an aliphatic or aromatic ring structure.
Thus, in some embodiments the transduction comp@suadompound of formula | or Il wherein X is

N

(@ ;

Z is selected from C(R),, NR, NR“R*+ and O;

each R® is independently selected from H, C1-6 alkyl, Od-€arboxylic acid and C1-C6 alkyl
substituted with &

R® is selected from H, C1-6 alkyl, C5-10 aryl, C6-dfalkyl, COR; C1-6 alkyl, C5-10 aryl and C6-15
aralkyl may optionally be substituted witd RFOH or COOH. Preferably /s —CH;;

R™ and R* are independently selected from H, C1-6 alkyl, @lcarboxylic acid and C1-C6 alkyl
substituted with R

In some embodiments the transduction compounc:@rgound of formula | or Il wherein X is (a), Z is
NR™ or NR®R"+ and R® is -CHCH,CH,R". Alternatively, in other embodiments the transdormti
compound is a compound of formula | or Il whereiiisXa), Z is CHand R is —CH..

In other embodiments the transduction compouncc@gpound of formula | or Il wherein X is

| 7

Z /
(b) ;
Zis selected from CRand NR+;
R™is selected from H, C1-6 alkyl and C1-C6 carboxgliid and C1-C6 alkyl substituted witH;R
R™ is selected from H, C1-6 alkyl, C1-C6 carboxyliidhand C1-C6 alkyl substituted with' R

In some embodiments the transduction compoundogound of formula | or Il wherein X is (b), Z is
NR™ and R® is -CHCH,CH,R". Alternatively, in other embodiments the transihrcicompound is a
compound of formula | or Il wherein X is (b) and<ZCH.
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In some embodiments the transduction compoundc@agound selected from the compounds in Table
1. "*Compound #” as used herein, refers to the camgs in Table 1 using the compounds numbers (#) in
the left-hand column.

In some embodiments the transduction compoundlésteel from compound #10, #11, #16, #4234,
#41,#40, #39, #33, #15, #11, #29, #46 andf36.

In some embodiments the transduction compound iscampound #32. In some embodiments, the
transduction compound is not any of the compoumetisceed from compounds #27, #07, #18, #09 and
#32. These compounds all display less than 30%drartion compared to control compound #1. Where
statements refer to “the compounds in Table 18 inderstood that in some embodiments, this réders
all compounds in Table 1 except for compound #32allbcompounds in Table except for compounds
#27, #07, #18, #09 and #32.

In some embodiments, the transduction buffer coseprione transduction compound. In some
embodiments, the transduction buffer comprises awaonore (e.g. 2, 3, 4, 5, 6 or more) transduction
compounds, for example two or more of the reciteghdduction compounds, in any possible
combination. Examples of combinations of transductiompounds are provided in Figure 6F. In some
embodiments, the transduction buffer comprises @wmg@ #1 and compound #18. In some
embodiments, the transduction buffer comprises cam@ #1 and compound #34. In some
embodiments, the transduction buffer comprises eamg@ #1 and compound #20.

In some embodiments, the concentration of the dwact®n compound is between about 0.1 mM and
about 500 mM, between about 1 mM and about 400 imdflveen about 1 mM and about 300 mM,
between about 1 mM and about 200 mM, between abou¥l and about 100 mM, between about 2 mM
and about 200 mM, between about 2 mM and 100 miivden about 2 mM and about 80 mM, between
about 3 mM and about 75 mM, between about 4 mMadrwdit 70 mM, between about 5 mM and about
60 mM, between about 10 mM and about 50 mM, betvabent 25 mM and 40 mM, or about 30 mM. In
some embodiments, the concentration of the tratissucompound is about 25 mM, for example the
concentration of the transduction compound is,ame embodiments, between about 10 and about 25
mM, or about 25 mM. In some embodiments, the camaan of the transduction compound is at least 1
mM, at least 2 mM, at least 3 mM, at least 4 mMeast 5 mM, at least 10 mM, at least 20 mM, adtlea
30 mM, at least 40 mM, at least 50 mM, at leastr®d, at least 70 mM or at least 80 mM, at least 90
mM, at least 100 mM, at least 150 mM, at least 200, at least 300 mM, at least 400 mM or 500 mM.

In some embodiments, the concentration of the diweiton compound is about 100 mM to about 500
mM, about 200 mM to about 400 mM, 200 mM to abo00 3nM, or about 250 mM. These higher
concentration ranges are particularly useful, faingple, when transducing proteins of low solubility
such as Cas9. It is to be understood that the aptirmoncentration of transduction compound will also
depend on the compound and its efficiency, butbeadetermined readily by the person skilled inatig
for example using the experiments and assays tescir the examples.
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The invention provides compound #10. The invenatso provides compound #11. The invention also
provides compound #16. The invention also providempound #42. The invention also provides
compound #34. The invention also provides compatdid The invention also provides compound #40.
The invention also provides compound #39. The itiganalso provides compound #33. The invention
also provides compound #15. The invention also igesscompound #11. The invention also provides
compound #29. The invention also provides compagtB&l The invention also provides compound #46.
These compounds appear to be new. The inventionpateszides a transduction compound, as described
anywhere herein, for use in a method for treatroéttte human or animal body by therapy. In particul
there is provided compound #10, compound #11 ormpomumd #16 for use in a method for treatment of
the human or animal body by therapy.

In some embodiments, the transduction compounarngpound #15 (BU-2026-05). This compound is
advantageous because it results in high efficieofcyransduction, whilst maintaining good cellular
viability, even when used at high concentratiores (fable 1).

In some embodiments, the transduction compoundoimpound #10. In some embodiments, the
transduction compound is compound #11. In some dmisnts, the transduction compound is
compound #16. In some embodiments, the transductimmpound is compound #42. In some
embodiments, the transduction compound is compatB#l In some embodiments, the transduction
compound is compound #41. In some embodimentstramsduction compound is compound #11. In
some embodiments, the transduction compound is contp #40. In some embodiments, the
transduction compound is compound #39. In some dmisnts, the transduction compound is
compound #33. In some embodiments, the transduatimmpound is compound #29. In some
embodiments, the transduction compound is compgtifd In some embodiments, the transduction
compound is compound #36. In some embodimentstramsduction compound is compound #46. In
some embodiments, the transduction compound is conth#20. Compound #20 has been shown to
result in particularly good cell survival rates qmemed to other transduction compounds (for instasee
Figure 18B).

In some embodiments, the transduction compoundyicampound that has 20% or more, 30% or more,
40% or more, 50% or more, 60% or more, 70% or m&@8» or more, 90% or more, 100% or more,
110% or more, 120% or more, 150% or more, 200% @rem300% or more, 400% or more, 500% or
more, 600% or more, 700% or more, 800% or moreQ¥)Or more transduction efficiency compared to
reference compound #1 in Table 1 (NDSB-201), asrdehed by the methods described in Example 1.

Similarly, in some embodiments, the transductiorthoé (as a whole) has 20% or more, 30% or more,
40% or more, 50% or more, 60% or more, 70% or m8d&p or more, 90% or more, 100% or more,

110% or more, 120% or more, 150% or more, 200% arem300% or more, 400% or more, 500% or

more, 600% or more, 700% or more, 800% or moreP¥0Or more transduction efficiency, using the

method comprising compound #1 as shown in Tabkea@mtrol (i.e. as 100% transduction efficiency).
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Non-limiting examples of transduction compounds hwihore than 100% transduction efficiency
compared to reference compound #1 in Table 1 irechefierence compounds #30, #17, #15, #38, #35,
#11, #10, #28 and #37. These compounds are parnticidffective transduction compounds. Thus in
some embodiments that transduction compound isteeldrom compounds #30, #17, #15, #38, #35,
#11, #10, #28 and #37.

Other preferred transduction compounds include #42#45, #43, #44, #15, #10, #11, #28, #3746
Thus in some embodiments the transduction compdagisélected from compounds #42, #1, #45, #43,
#44, #15, #10, #11, #28, #37 aWd6 These are compounds that have or are expectdthite
transduction efficiency of 50% or more relativecantrol compound #1 and/or 75% or more viability
relative to control compound #1.

In some situations it may be advantageous to usanaduction compound in the buffer that causes a
reduction in cell proliferation or viability. Foxample, in the case of vaccine development, soxieity
may be an advantage. Antigens transduced into ee#sdisplayed to the immune system. If the
displaying cells are ill or dying, the immune respe can be enhanced. Transduction compounds suitabl
for such purposes include compound®##41, #25, #35 and #38hus in some embodiments, the
transduction compound is selected from compoun@s#4l, #25, #35 and #38.

In other embodiments, the transduction compourskliscted from the compounddO, #11, #16#42,
#34, #41, #40, #39, #33, #15, #11, #29, #36 and#46. These are the transduction compounds believed to
be new compounds.

The transduction compounds described herein ca @imonomers, dimers or multimers. For example,
compound #42 is active as a dimer. Thus in someodmignts, the transduction compound is used in its
monomeric, dimeric or multimeric form. In some erdloents, the transduction compound is the dimeric
form of compound #42.

The invention also provides the use of a transdoatompound as described above for transducing one
or more molecule into a cell.

GABA agonists

As mentioned above, one of the compounds foundetcaltransduction compound was a gamma-
aminobutyric acid (GABA, compound #20) which an orant neurotransmitter in the brain. GABA acts
by stimulating the activation of GABA-receptors,wich three classes have been identified: GABA-A,
GABA-B and GABA-C GABA receptors are stimulated by a remarkably widage of chemical
structures ranging from simple structures like etthaand GABA itself, to seemingly unrelated
benzodiazepines, muscimol, baclofen. As the chdnstaicture of effective protein transduction
compounds also displays a degree of freedom, theniors hypothesise that GABA signalling might
play an active role in the transduction effect.ded, the inventors found that addition of GABA agtm

to the transduction buffer comprising a salt artdaasduction compound (such as NDSB-201), resulted
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in increased transduction pflactamase into mouse embryonic fibroblast (MEF&us GABA agonists
can be included in the transduction buffer to fertenhance transduction efficiency.

Methods for identifying GABA agonists are knowntire art. For example, GABA agonists suitable for
use in the transduction buffer can be identifiecabyassay which measures activation of GABA regspto
by a given compound by measuring changes in meralpatential using patch clamp technology on
brain slices (Patch Clamp Techniques, Springeroeoté Handbooks, 2012, pp 71-83). There are also
commercial assays available for identifying GABA&gonists (e.g. “Ready-to-assay” by Millipore).
Suitable GABA agonists for use in the transductiaffers described herein can be identified usirghsu
assays.

Thus, in some embodiments, the transduction bufigther comprises a GABA agonist. A GABA
agonist includes any compound that activates th8/&#8ignalling pathway, for example any compound
that binds to and/or activates a GABA recepty.(GABA-A, GABA-B and/or GABA-C receptors), for
example, as identified using the patch clamp assalye Millipore assay referenced above. Examepfes
GABA agonists include, but are not limited to, SBEF541, acamprosate, barbiturates, benzodiazepines,
ethanol, methaqualone, muscimol, nonbenzodiazep{makeplon, zolpidem, zopiclone), picamilon,
progabide, tiagabine, baclofen, 1,4-Butanediol, GBButyrolactone), GHB y-Hydroxybutyric acid),
GHV (y-Hydroxyvaleric acid), GVL |-Valerolactone), lesogaberan, phenibut, (Z)-4-Arr2abutenoic
acid, (+)-cis-2-aminomethylcyclopropane carboxylacid, N4-Chloroacetylcytosine arabinoside,
GABOB (y-Amino-beta-hydroxybutyric acid), and progabide.

In some embodiments, the transduction buffer cogepria salt and a transduction compound and
additionally comprises muscimahd/or SKF-97541.

In some embodiments, the GABA agonist is includedhe transduction buffer at concentrations in
micro- or nanomolar ranges. For example, in someogliiments, the GABA agonist has a concentration
of about 0.1 uM and about 100 uM, between aboumlapd about 90 uM, between about, 2 UM and
about 80 puM, between about 3 UM and about 75 pMyden about 4 uM and about 70 pM, between
about 5 pM and about 60 UM, between about 10 uMahodt 50 uM, between about 25 pM and 40 puM,
or about 30 pM. In some embodiments, the GABA agjdms a concentration of about 10 uM, of about
25 puM or of about 50 pM. In other embodiments, 88BA agonist has a concentration of between
about 0.1 nM and about 100 nM, between about 1 nMabout 90 nM, between about 2 nM and about
80 nM, between about 3 nM and about 75 nM, betvedmut 4 nM and about 70 nM, between about 5
nM and about 60 nM, between about 10 nM and ab@ut\b, between about 25 nM and 40 nM, or about
30 nM. In some embodiments, the GABA agonist hesrecentration of about 10 nM, of about 25 nM or
of about 50 nM.

Other neurotransmitters may similarly enhance ttacson. Therefore, in some embodiments, the

transduction buffer comprises a salt, a transdoct@mpound and additionally comprises a
neurotransmitter.
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Salt for usein thetransduction buffer

The salt for use in the transduction buffer of thigention is any salt that works in the contexttlod
method of the invention,e. any salt that allows transduction of molecules itells when combined with
a transduction compound.

As shown in Figure 5A, all Na-related salts teq@ctording to the periodic table) including LiCICK
CsClI, RbCI had protein transducing activity, witla ldnd Rb demonstrating the highest activity. In
addition, it was tested whether other Na-salts ¢aotuce protein uptake. As shown in Figure 5A,
sodium gluconate effectively mediat@d_actamase transduction with efficiency similar NaCl and
RbCI. Finally, it was tested whether increasingidity using unrelated compounds would also trigger
protein transduction. As shown in Figure 5A, suerdactulose, sorbitol and mannitol all failed nauce
protein transduction at 700 mOsm/Kg, suggesting pinatein transduction is specifically dependent on
hypertonicity induced by sodium or sodium-relatedtss Assays for identifying hypertonicity-inducing
salts suitable for use in the transduction bufferthee invention are provided in the examples (see
Example 6). Thus preferably, the salt can incrdasécity across a cell membrane, i.e. the salt is a
“hypertonic” salt. Tonicity is explained in moretdi below.

Thus in some embodiments, the salt is a sodiurhiufit, potassium, caesium, or a rubidium salt,
preferably a sodium or rubidium salt. In some eniimedts, the salt is a chloride, gluconate, carlbmnat
sulphonate, sulphate, sulphide, bromide, iodidélumride, preferably the chloride or gluconate. Non
limiting examples include sodium chloride, sodiuducgnate, lithium chloride, lithium gluconate,
potassium chloride, potassium gluconate, caesiulridb, caesium gluconate, rubidium chloride and
rubidium gluconate. In some embodiments, one saihé¢luded in the transduction buffer. In some
embodiments, more than one salt is included inrdwesduction buffer, for example, two, three, four
five salts.

Interestingly, protein transduction was strongliyiloited by specific inhibitors of Na+/H+ exchangehk

as EIPA or DMA, specific inhibitors of a family @odium-hydrogen antiporter (Nhe) proteins (Figure
5B). These data suggest that the transduction gsoitwolves active cellular uptake of exogenously
applied compounds through macropinocytosis. This fuether confirmed by comparing the transduction
of mouse embryonic fibroblasts (MEFs) from Nhel ¢iaut embryos with Nhel heterozygous and wild-
type MEFs. As shown in Figure 5C, protein transiunctvas almost completely abrogated in Nhel null
fibroblasts. Fibroblasts from Nhel+/- heterozygambryos displayed reduced protein transduction
activity compared to wild-type littermates (Figus€). These results demonstrate that Nhel is an
important mediator of protein transduction, buteaidual protein transduction activity remains ie th
absence of Nhel expression. Without wishing to bend by theory, the inventors hypothesise that
activation of such Nhe transporters leads to atitimeof the macropinocytosis pathway, which is fingt
step in the transduction process.

Thus, in a preferred embodiment, the salt is attyakde to bind to and/or activate a sodium/ hyerog
(Na+/H+) transporter, such as an Nhe transporberexample an Nhel transporter. Nhel is a ubigsitou
membrane-bound enzyme involved in volume- and pitHegion of vertebrate cells.
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In some embodiments, the transduction buffer cosegrian activator and/or enhancer of a
sodium/hydrogen transporter, such as the Nhelgoates, as a replacement for, or in addition toghlée
For example, several growth factors have been shiowrduce macropinocytosis by activating Nhel and
enhancing Na+/H+ exchange. Accordingly, in some adithents, the activator or enhancer of an
sodium/hydrogen transporter is a cytokine or gro¥attor. In some embodiments, the activator or
enhancer of a sodium/hydrogen transporter is emidegrowth factor (EGF), Fibroblast growth factor
(FGF), Platelet-derived growth factor (PDGF), Imsulnsulin-like growth factor (IGF). Small moleeul
agonists of cytokine or growth factor signallingncalso induce Nhel activity. Other examples of
activators of NHEL1 include, but are not limited $opall molecule agonists of cytokine or growth dact
signalling, angiotensin Il, glucocorticoids and mones (Alexander RT, J Exp Biol 212, 1630-1637,
2009). In some embodiments, the transduction bafierprises more than one activator and/or enhancer
of a sodium/hydrogentransporter, for example ome, three, four or five. Any combination of the abo
activators and/or enhancers is contemplated, withithout a salt, as described above.

In one embodiment, the invention provides a traogdo buffer comprising an activator and/or enhance
of a sodium/hydrogen transporter, such as an Nimsporter and a transduction compound.

Other activators and/or enhancers of macropinoytos endosomal lysis can also be useful in the

context of the invention. For example, a short dTAA2 fusion peptide, previously shown to enhance

macropinosome escape of proteins, was demonstiatethe present inventors to enhance protein

transduction, and was particularly effective in m@@mbryonic stem cells (MESCs). Therefore, in some
embodiments, the transduction buffer additionallpmprises an activator and/or enhancer of

macropinocytosis or a facilitator of macropinosoreatape. In some embodiments, the transduction
buffer additionally comprises dTAT-HA2 fusion pejgi In some embodiments, the transduction buffer
additionally comprises a lysogenic peptide. Foma, in some embodiments, the transduction buffer
additionally comprises an activator and/or enhanfendosomal lysis.

There is also provided the use of a lysogenic defdr enhancing transduction of a molecule ofrgge
into a cell, preferably as part of a transductiaffdr described herein.

Inhibition of transduction

The inventors have shown that transduction by tethods described herein occurs via macropinocytosis
and requires actin remodelling. Thus, specifichitbrs of these processes can prevent transduction.

In some embodiments, the transduction methods eantibited by Cytochalasin D or Latrunculin A, or
other specific inhibitors of actin polymerizationcavesicle transport. Similarly, the transductioetiods
can be inhibited by specific inhibitors of Na+/Htchange by Nhe transporters, such as EIPA or DMA.

Osmolality Ranges

The salt, as defined above, is added to the tratistubuffer in appropriate quantities to achieke t
desired osmolality. The osmolality of the transdutbuffer can be determined by methods known én th
art using an osmometer or can be calculated,felge bsmolar pressure of the media which makehep
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remaining volume of the buffer is known. Thus, 8#t can be added to adjust the osmolality of the
buffer to the desired level (see for instance, Exard).

Osmolality is the concentration of a solution inmie of osmoles of solutes per kilogram of solvéint.
differs from osmolarity which is the concentratiafi osmoles of solutes per volume of solvent.
Osmolarity is temperature dependent because wagnges its volume with temperature. Therefore,
osmolality is the preferred measure because itoistemperature dependent. If the concentration of
solutes is very low, osmolarity and osmolality eoasidered equivalent.

Tonicity, by contrast, is defined by the concembraibf all solutes that do not cross a cell membérae.
the concentration of solutes that result in osmpt&ssure across a cell membrane. In the contetkieof
transduction buffer, hyperosmolality is achievethgsypertonic salts, such as the salts describedea
For the transduction method to work, it is impottéimat there is osmotic pressure across the cell
membrane. Thus, whilst the transduction bufferlmamlefined by osmolality (in isolation of the cethe
method of transduction requires the transductidfebto be hypertonic with respect to the cell csgb A
cell placed in a hypertonic solution, such as aslaction buffer described herein, will lose wdbgr
osmosis. This causes the cell to shrink and temdisctease the space in between cells in a populati
To compensate for the loss in cell volume, thescelttivate macropinocytosis.e. the influx of
macromolecules from the extracellular environm#ns to be understood that the optimum osmoladity
the transduction buffer is cell-type specific andiefined, in part, by the osmolality of the cuttunedia
used to maintain the cell prior to transduction/anthe osmolality of the cell cytosol.

Thus in some embodiments, the method for transduximolecule of interest into a cell involves theps

of increasing the osmotic pressure outside of #k I some embodiments, there is osmotic pressure
across the cell membrane. In some embodimentstahsduction buffer is hypertonic with respecthe t
culture media in which the cell was maintained iptio transduction and/or with respect to the cell
cytosol. In other words, in some embodiments, Braaality of the transduction buffer is greatenthie
osmolality of the culture media in which the celsvmaintained prior to transduction and/or gretizn

the cell cytosol.

Normal osmolality of human serum is about 275-299sm/kg. While temporary elevation of serum
osmolality has been used to reduce brain edemtrakespatients, prolonged elevated global osmeglalit
in a human can lead to complications and in ser@@ses can be fatal. For this reason, pharmackutica
compositions are typically isotonic (have approxihathe same osmolality as serum). Individuals;ell
however, can survive at much higher osmolaliteeg. (p to about 1000 mOsm/kg). Thus, live organisms
are able to tolerate moderate elevation of osntplédir several days and temporary high osmolalities
locally.

Hyperosmolality refers to an abnormal increaséhendsmolality of a solution, especially a bodydloir

culture medium. The osmolality at which human celle maintained is typically about 275-295

mOsm/Kg but, for example, preimplantation embryos grown at an osmolality of about 250-260

mOsm/Kg. Therefore, in the context of a typical lamnctell, hyperosmolality refers to an osmolality of

more than about 250 mOsm/kg. Thus a transductidferbwith an osmolality of more than about 295

mOsm/kg is likely to be hypertonic with respectatdypical human cell, whereas a transduction buffer
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with an osmolality of more than about 260 mOsm/&dikely to be hypertonic with respect to early
embryos. Hypo-osmolality refers to an abnormal éase in the osmolality of a solution, especially a
body fluid. Therefore, in the context of typicalrhan cells hypo-osmolality refers to an osmolalityess
than about 295 mOsm/kg. Thus a transduction buffér a tonic salt-mediated osmolality of less than
about 295 mOsm/kg is likely to be hypotonic witlspect to a typical human cell. In the context of a
typical embryo, hypo-osmolality refers to an osrtifaof less than about 260 mOsm/kg. Thus a
transduction buffer with a tonic salt-mediated oktity of less than about 260 mOsm/kg is likelyb®e
hypotonic with respect to a typical early embryo.

Osmotic shock is a sudden change in the soluteecdration around a cell, causing a rapid chandbken
movement of water across its cell membrane. Inedepred embodiment, the method for transduction
does not require or involve hypo-osmotic shockhef tells or a hypo-osmotic environment at any stage
In some embodiments, the method for transducingllairovolves hyperosmotic shock. However, any
osmotic shock or stress is preferably kept to amum (see section below on osmoprotectants).

In some embodiments, the transduction buffer isismtonic and/or not iso-osmolar with respect te th

culture media in which the cell was maintained iptio transduction and/or with respect to the cell
cytosol. In some embodiments, the transductionebu$f not hypotonic with respect to the culture raed

in which the cell was maintained prior to transdurctand/or with respect to the cell cytosol. In a
preferred embodiment, the transduction buffer ipdnionic and/or hyperosmolar with respect to the
culture media in which the cell was maintained iptio transduction and/or with respect to the cell
cytosol.

In some embodiments, the transduction buffer hassamolality of more than 250 mOsm/kg, for example
more than 300 mOsm/kg. For example, the transduttidfer may have an osmolality of more than 350
mOsm/kg, more than 400 mOsm/kg, more than 450 mkggmiore than 500 mOsm/kg, more than 550
mOsm/kg, more than 600 mOsm/kg, more than 650 mkasmiore than 700 mOsm/kg, more than 750
mOsm/kg, more than 800 mOsm/kg, more than 850 mkgsmiore than 900 mOsm/kg, more than 950
mOsm/kg, more than 1000 mOsm/kg, more than 1100mA&kas more than 1200 mOsm/kg, more than
1300 mOsm/kg, more than 1400 mOsm/kg or more tB&0 InOsm/kg, more than 1600 mOsm/kg, more
than 1700 mOsm/kg, more than 1800 mOsm/kg, or rimare 1900 mOsm/kg, more than 2000 mOsm/kg,
more than 2100 mOsm/kg, more than 2200 mOsm/kg.entimean 2300 mOsm/kg, more than 2400
mOsm/kg, more than 2500 mOsm/kg, more than 2500nmiKas more than 2600 mOsm/kg, more than
2700 mOsm/kg, more than 2800 mOsm/kg, more thaf g80sm/kg, or about 3000 mOsm/kg.

In some embodiments, the transduction buffer hassamolality of less than 3000 mOsm/kg, for example
less than 2500 mOsm/kg. For example, the transmuttiffer may have an osmolality of less than 2000
mOsm/kg, less than 1900 mOsm/kg, less than 1800mi@s less than 1700 mOsm/kg, less than 1600
mOsm/kg, less than 1500 mOsm/kg, less than 1400mfi@s less than 1300 mOsm/kg, less than 1200
mOsm/kg, less than 1000 mOsm/kg, less than 900 M@shess than 800 mOsm/kg or less than 700
mOsm/kg, less than 600 mOsm/kg, less than 500 mi@sn¥ss than 400 mOsm/kg, or about 400
mOsm/kg.
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In some embodiments, the transduction buffer haesamolality of at least 250 mOsm/kg, at least 300
mOsm/kg. For example, the transduction buffer mayehan osmolality of at least 350 mOsm/kg, at least
400 mOsm/kg, at least 450 mOsm/kg, at least 500 mikds at least 550 mOsm/kg, at least
600 mOsm/kg, at least 650 mOsm/kg, at least 700 mikgs at least 750 mOsm/kg, at least 800
mOsm/kg, at least 850 mOsm/kg, at least 900 mOsmatdgast 950 mOsm/kg,at least 1000 mOsm/kg, at
least 1100 mOsm/kg, at least 1200 mOsm/kg, at E2B0 mOsm/kg, at least 1400 mOsm/kg at least
1500 mOsm/kg, at least 1600 mOsm/kg, at least H708m/kg, at least 1800 mOsm/kg, at least 1900
mOsm/kg, at least 2000 mOsm/kat least 2100 mOsm/kg, at least 2200 mOsm/kdeadt 2300
mOsm/kg, at least 2400 mOsm/kg, at least 2500 mK¥sndt least 2600 mOsm/kg, at least 2700
mOsm/kg, at least 2800 mOsm/kg, at least 2900 mKsnat least 3000 mOsm/kg, or about 3000
mOsm/kg. In some embodiments, the transductiorebiiis an osmolality of at least 1250 mOsm/kg.

In some embodiments the osmolality is in the raofy@about 250 mOsm/kg to about 1500 mOsm/kg,
about 300 mOsm/kg to about 1500 mOsm/kg, aboutrd8m/kg to about 1500 mOsm/kg, about 500
mOsm/kg to about 1500 mOsm/kg, about 600 mOsm/laptmt 1500 mOsm/kg, about 700 mOsm/kg to
about 1500 mOsm/kg, about 800 mOsm/kg to about D8068m/kg , about 900 mOsm/kg to about 1500
mOsm/kg, about 1000 mOsm/kg to about 1500 mOsna#kopit 1100 mOsm/kg to about 1500 mOsm/kg,
about 1200 mOsm/kg to about 1500 mOsm/kg, abou® B30sm/kg to about 1500 mOsm/kg or about
1400 mOsm/kg to about 1500 mOsm/kg, about 300 mkysrtd about 1000 mOsm/kg, about 300
mOsm/kg to about 800 mOsm/kg, about 300 mOsm/kabtmuit 600 mOsm/kg, about 400 mOsm/kg to
about 600 mOsm/kg, about 450 mOsm/kg to about 588mikg, about 400 mOsm/kg to about 800
mOsm/kg, about 500 mOsm/kg to about 800 mOsm/kgita®00 mOsm/kg to about 800 mOsm/kg, or
about 700 mOsm/kg to about 800 mOsm/kg, about 75Imiky to about 850 mOsm/kg. In some
embodiments, the osmolality is in the range of al@&00 mOsm/kg to about 900 mOsm/kg, about 850
mOsm/kg to about 950 mOsm/kg, about 900 mOsm/laptut 1000 mOsm/kg, about 950 mOsm/kg to
about 1050 mOsm/kg, about 1000 mOsm/kg to abou® MOsm/kg, about 1050 mOsm/kg to about
1150 mOsm/kg, about 1100 mOsm/kg to about 1200 nikdsnabout 1150 mOsm/kg to about 1250
mOsm/kg, about 1200 mOsm/kg to about 1300 mOsnatkarit 1250 mOsm/kg to about 1350 mOsm/kg,
about 1300 mOsm/kg to about 1400 mOsm/kg, abou® 188sm/kg to about 1450 mOsm/kg, about
1400 mOsm/kg to about 1500 mOsm/kg, about 1600 nikasto about 1800 mOsm/kg, or about 1700
mOsm/kg to about 1800 mOsm/kg, about 1750 mOsn/kdpbut 1850 mOsm/kg, about 1800 mOsm/kg
to about 1900 mOsm/kg, about 1850 mOsm/kg to ah®50 mOsm/kg, about 1900 mOsm/kg to about
2000 mOsm/kg, about 1950 mOsm/kg to about 2050 nikgsnabout 2000 mOsm/kg to about 2100
mOsm/kg, about 2050 mOsm/kg to about 2150 mOsnafkoit 2100 mOsm/kg to about 2200 mOsm/kg,
about 2150 mOsm/kg to about 2250 mOsm/kg, abou® 280sm/kg to about 2300 mOsm/kg, about
2250 mOsm/kg to about 2350 mOsm/kg, about 2300 niksmo about 2400 mOsm/kg, about 2350
mOsm/kg to about 2450 mOsm/kg, about 2400 mOsn/kdpbut 2500 mOsm/kg, about 2600 mOsm/kg
to about 2800 mOsm/kg, or about 2700 mOsm/kg taiaB800 mOsm/kg, about 2750 mOsm/kg to
about 2850 mOsm/kg, about 2800 mOsm/kg to abou® 280sm/kg, about 2850 mOsm/kg to about
2950 mOsm/kg, about 2900 mOsm/kg to about 3000 nikgsm

In some embodiments the osmolality is in the raofyj@about 250 mOsm/kg to about 3000 mOsm/kg,
about 300 mOsm/kg to about 3000 mOsm/kg, about368m/kg to about 3000 mOsm/kg, about 400
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mOsm/kg to about 3000 mOsm/kg, about 450 mOsm/ledpomt 3000 mOsm/kg, about 500 mOsm/kg to
about 3000 mOsm/kg.

In one embodiment, the osmolality of the transdurctbuffer is about 800 mOsm/kg. It has been
demonstrated that this osmolality is appropriate fmuse embryonic fibroblasts (MEFs). In another
embodiment, the osmolality of the transduction &ufs about 500 mOsm/kg. It has been demonstrated
that this osmolality is appropriate for mouse erobig stem cells (MESC), human induced pluripotent
stem cells (hIPSC) and murine and human neural s&dls. However, as explained above, the skilled
person will appreciate that, depending on the tacgk type, nature of the transduced molecule ttued
osmolality of cell environment prior to transductjdhe preferred osmolality of the transductionféuf
will change.

Higher osmolalities may also be preferable whenntlodecule of interest is a poorly soluble protéior
example, an osmolality of about 1000 mOsm/kg isfegpred for poorly soluble proteins. In some
embodiments an osmolality of about 1250 mOsmol/Kgiieferred, for example, for poorly soluble
proteins, e.g. for transduction of the Cas9 nuelga®tein, e.g. in the context of CRISPR-Cas9 gene
editing.

In general, the greater the osmolality of the tdaction buffer, the more efficient the buffer i%.ithe
less time required for transduction. However, thisralso a trade-off because high osmololalities ca
cause osmotic stress and reduce cell proliferatiatior viability (see below).

The inventors have developed assays to optimisdirtiee for transduction (the “incubation time” or
“transduction time” — see below) and the osmolatifythe buffer (see Figure 10 and the Example 6).
Therefore, the skilled person could use these assayptimise the time for transduction and/or the
osmolality of the buffer.

Osmoprotectant for transduction

The salt in the transduction buffer increases tsmadality of the transduction buffer such that dgri
transduction methods the transduction buffer isehiymic with respect to the cell. This can causeaik
stress to cells and in certain circumstances tmsreduce cell proliferation or viability (for exafe, as
measured by BrdU incorporation; see the Examplesiosg. The inventors found that addition of
osmoprotectants can protect against these effects.

Osmoprotectants are small molecules that act a®lggs and help protect cells and organisms from
osmotic stress. Chemically, osmoprotectants candibiled into three types: betaines and allied
compounds, polyols and sugaesg( glycerol, mannitol and trehalose), and amino acilgaines are
methyl derivatives of glycine in which the nitrogatom is fully methylatedi.e. they are quaternary
ammonium compounds. Other methyl derivatives oftigly useful in the context of this invention
include, but are not limited to, sarcosine and dhylglycine. It will be clear to the skilled persadmat
some of the transduction compounds described heainthus function as osmoprotectants. A non-
limiting example of a transduction compound thatoafunctions as an osmoprotectant is GABA.
However, not all osmoprotectants enhance transmluctsimilarly, not all transduction compounds
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function as osmoprotectants. Therefore, in someoeiments an osmoprotectant is added to the
transduction buffer in addition to the transductimompound (which may or may not function as an
osmoprotectant in this context).

The inventors found that a number of different g/pd osmoprotectants and a number of different
combinations of osmoprotectants could increaseveatlility (see for example, Figure 4), when useai
method of transduction.

In some embodiments, the osmoprotectant is a leetairallied compound, polyol or sugar, and/or an
amino acid, for example, selected from glycine titlise, alanine, isoleucine, arginine, asparagine,
leucine, aspartic acid, lysine, glutamic acid, eys, methionine, phenylalanine, glutamine, threeni
tryptophan, proline, valine, ornithine, selenocyste serine, tyrosine and proline. In some embodime
the osmoprotectant is glycine or a derivative tberén some embodiments the osmoprotectant is a
methyl derivative of glycine such as sarcosine,efiwlglycine or betaine.

In other embodiments, the osmoprotectant is selefittem glycine, glycerol, taurine, glycinebetaine,
myo-inositol, glutamine, glutamate, arginine, maoinand trehalose. In a preferred embodiment, the
osmoprotectant is glycine or glycerol.

In some embodiments, the transduction buffer coseprimore than one type of osmoprotectant, for
example, glycine and glycerol. Glycine and glycesoh preferred combination because it provided the
best protection in murine embryonic fibroblast €€ks shown in Figure 4B), embryonic stem cells and
human iPS cells. However, any combination of osmgatants may be suitable for use in the
transduction buffer of the invention. For examaley combination of osmoprotectants described herein
for example any combination of 2, 3, 4, 5, 6, 7atrof glycine, glycerol, taurine, glycinebetaimayo-
inositol, glutamine, glutamate, arginine, mannéod trehalose.

The type (or combination of types) of osmoprotectaiected for use with the invention may depend
upon the type of cell to be transduced. The sditaluif an osmoprotectant can be easily determimed
the skilled person by assay (IV) described in EXantp

The concentration of osmoprotectant selected ferwith the invention may depend upon the type 8f ce
to be transduced but can be easily determined dgkhied person by methods well known in the kart.
some embodiments, the osmoprotectant is at a coaten of between about 5 and about 500 mM,
between about 1 and about 500 mM, between abood AlBout 400 mM, between about 1 and about 300
mM, between about 1 and about 200 mM, between abautd about 100 mM, between about 10 and
about 50 mM, between about 15 and about 50 mM, dmtvabout 20 and about 40 mM. For example, in
some embodiments, the osmoprotectant is used ah@ewtration of about 15 mM or about 20 mM or
about 30 mM. In some embodiments, the osmoprotegarsed at a concentration of at least 15 mM, at
least 20 mM, at least 30 mM, at least 40 mM, atl®® mM at least 60 mM, at least 70 mM, at le@st 8
mM, at least 90 mM, at least 100 mM, at least 200, it least 300 mM, at least 400 mM or about 500
mM. In some embodiments, the osmoprotectant is asadconcentration of 500 mM or less, 400 mM or
less, 300 mM or less, 200 mM or less, 100 mM 8,188 mM or less, 40 mM or less, 30 MM or less or
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20 mM or less. For example, in a preferred embodimeglycine and/or taurine are used at a
concentration of about 15 mM and/or glycerol isdugea concentration of about 30 mM.

The invention also provides the use of one or nfexg 1, 2, 3, 4, 5, 6, 7, 8 or more) osmoprotectants,
such as any osmoprotectant or combination of osotegiants described herein, for transducing a
molecule into a cell. For example, the inventioroyies the use of glycine and/or glycerol as
osmoprotectants for transducing molecules intdla ce

Other components of the transduction buffer

It is to be understood that the any of the addii@mamponents of the transduction buffer descrhmein
may be part of the transduction buffer. Alterndiiyéhey may be added simultaneously or sequentiall
the cells in any combination as a step in the neetifdransduction.

The transduction buffer may additionally comprisenponents that make it particularly suitable fog us
with live cells or live cell culture or applicatiom vivo. For example, in some embodiments the
transduction buffer comprises one or more of (&,&, 4, 5, 6 or 7) of a biological pH buffer, scosity
enhancer, and/or one or more growth factor(s)s,safhino acids, vitamins and nutrients.

A transduction buffer of the invention will normalbe formulated in deionized, distilled water, alilgh
suitable alternatives may be used including, baifinoted to cell culture media or therapeutic dimns.

It will typically be sterilized prior to use to prent contamination, e.g. by ultraviolet light, hiegt
irradiation or filtration. It may be frozere.§. at between -20°C or -80°C, for examples at -20f@to
80°C) for storage or transport. The transductioffdoumay contain one or more antibiotics, such as
doxycycline or tetracycline, to prevent contamioatiHowever, some antibiotics, particularly nonl-cel
permeable antibiotics (such as penicillin and/ocegbmycin), can be toxic to the cells when tracedu
into the cells. Therefore, in some embodiments ttéwesduction buffer does not comprise an antibjoti
for example the transduction buffer does not cosgpra non cell-permeable antibiotic. In some
embodiments, the transduction buffer does not caapenicillin.

The transduction buffer may be buffered by a bimlalgpH buffer at a pH of between about 6 and about
8, for example a pH of between about 7.2 and aBd&uobr a pH of about 7.4. A pH outside of this mng
(i.e. higher than 8 or lower than 6) might be appiaie for administration to particular tissueswemsild
easily be determined by the person skilled in theFr example, stomach pH can drop to as lowas 1
2. Therefore, a transduction buffer for administratto the stomach may have a pH of less thanss, le
than 6, less than 5, less than 4, less than 3,tihess 2, for example a pH of 7, 6, 5, 4, 3, 2 0Al.
biological pH buffer is a pH buffer that is suitabibr use with live celld,e. which has minimal negative
impact on cell viability. The biological pH buffenay be a carbonate based buffer or any other $mitab
buffer. A number of biological pH buffers are knownthe art (see for example the biological buffers
provided in Plant Microtechnique and Microscopy,f@& University Press, Steven E. Ruzin, ISBN: O-
19-508956-1; and www.sigmaaldrich.com/life-scienoed-bioreagents/biological-buffers/biological-
buffer-products.html). Examples of biological pHffieus include, but are not limited to PBS, TES, SRl
PIPES, MOPS, MES, Good'’s buffers, Trizma or HEPERuUS in some embodiments the transduction
buffer additionally comprises PBS, TES, TRIS, PIPE®PS, MES, Good'’s buffers, Trizma or HEPES.
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Some of the transduction compounds are also ertetlaffering compounds, so can act as buffers
instead of, or in addition to, the biological buffe

The transduction buffer may be supplemented wittifipd, natural, recombinant, semi-synthetic and/or
synthetic growth factors (see for instance, Exam)le Any suitable growth factor or combination of
growth factors may be used. Non-limiting examplésuwtable growth factors include EGF, FGF, HGF,
PDGF, BDNF, VEGF or IGF. Any combination of suitatijrowth factors may be used. Non-limiting
examples of growth factor combinations include ang or moredg. 1, 2, 3, 4, 5 or 6) of the growth
factors in the list consisting of: EGF, FGF, HGBG&F, BDNF, VEGF or IGF. The growth factors added
may, in some circumstances depend on the cell teabeduced, and it is known in the art how tocele
appropriate growth factors for a particular cell.

The growth factor or growth factors is preferabiided at a concentration of between allband about
500 ng/ml or of at least 5 and not higher than B0nl. A preferred concentration is at least 15,210,

20, 25, 30, 40, 45, 50, 60, 70, 80, 90, 100, 200, 300 ng/ml and not higher than 600, 500, 480, 4
350, 300, 250, 200, 150, or 100 ng/ml. A more preficoncentration is at least 10 ng/ml and nabérig
than 500 ng/ml. An even more preferred concentmaigoabout 50 ng/ml or is 50 ng/ml. The skilled
person will be aware that the optimal concentratiba growth factor is both dependent upon the gnow
factor and the cell to be transduced. The optiroatentration can be determined by methods known in
the art and by the methods described in the exanfygeein.

In some embodiments, the transduction buffer ipkupented with a cytokine. Similarly, to growth
factors, different cytokines are suitable for théture of different cell types and suitable cytasnare
known in the art. Other cell type specific facterown in the art can also be added to the transxuct
buffer, such as, but not limited to LIF (for maiimiag the stem cell state of embryonic stem cedls)l
GM-CSF for dendritic cells.

The invention also provides the use of growth festaytokines and/or neurotransmitters and/or small
molecule agonists of those signalling pathwaysefunancing transduction of a molecule of interetst in
cell, preferably when used in or with a transduttoffer as described herein.

In some embodiments the transduction buffer aduilly comprises a viscosity enhancer. This is
particularly preferred when the transduction bufierfor usein vivo because it prevents unwanted
dispersion of the transduction buffer. This, theref helps to keep the buffer in contact with tkeésc
being transduced. In some embodiments, the visceshancer is polyvinylpyrrolidone (PVP), polyvinyl
alcohol, methylcellulose, hydroxypropylmethylcetisé, hydroxyethylcellulose, sodium carboxymethyl
cellulose (NaCMC), propylene glycol alginate (PGé) sodium alginate (SA). A preferred viscosity
enhancer is non-toxic and suitable for use with tells and/oim vivo.

In some embodiments, the transduction buffer amtbfily comprises an antioxidant, such as
ethylenediaminetetraacetic acid (EDTA), sodium [t sodium metabisulfite, ascorbic acid or
thiourea.
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In some embodiments, the transduction buffer anlthfly comprises a basal culture medium. Suitable
culture media are available commercially, and idelubut are not limited to, Dulbecco's Modified Eag
Media (DMEM), Minimal Essential Medium (MEM), Knookt-DMEM (KO-DMEM), Glasgow
Minimal Essential Medium (G-MEM), Basal Medium Eag{BME), DMEM/Ham’'s F12, Advanced
DMEM/Ham’s F12, Iscove’s Maodified Dulbecco’s Medsad Minimal Essential Media (MEM), Ham's
F-10, Ham’s F-12, Medium 199, and RPMI 1640 Media.

In some embodiments, the transduction buffer aoithifly comprises serum. However, in a preferred

embodiment, the transduction buffer does not cosepan undefined component such as fetal bovine
serum or fetal calf serum. Various different semaplacement formulations are commercially available

and are known to the skilled person. Where a segplacement is used, it may for example be used at
between about 0.1% and about 50% by volume of #dium, according to conventional techniques.

Transduction is typically performed in culture medithat is appropriate for the regular maintenasfce
the particular cell type. As with any of the fagatescribed herein, this culture medium may be qfart
the transduction buffer or it may be added to thdscseparately in the transduction method. In a
preferred embodiment, there is no serum or a retlacacentration of serum in the culture medium used
during transduction.

The concentration ranges provided for all companerftthe buffer are final concentrations when the
buffer is in use for transduction (e.g. concentragiwhen the buffer is formulated in deionizedfiltizsl
water, cell culture medium or a therapeutic contpms).

Proteins for transduction are typically providedaiBX or 10X concentrate, which when added to #ike c
culture media gives the concentrations describegitne

Molecule of interest for transduction

In a preferred embodiment, more than one molectiiaterest (i.e. multiple copies of the molecule of
interest) is transduced into a cell. For examplégast 2, at least 10, at least 20, at leasttdeaat 100, at
least 500, at least 1000, at least 2000, at |e330,5t least 10,000 molecules of interest, at [&&s at
least 16, at least 1f) at least 1§ or more than 10molecules of interest are transduced into the cell

The transduction buffer and methods of the inventian be used to transduce many different types of
biological and synthetic molecules into cells. example, the molecule of interest may be a protein
(including peptides and polypeptides), nucleic apmlysaccharide (such as dextran), vesicle (sacina
exosome), nanoparticle, small molecule, virus bepbrganism.

In some embodiments one or more (e.g. 1, 2, 3,8, B, 8, 9, 10 or more) different types of moleswof
interest are transduced into a cell. In some enmbedis, multiple molecules of interest are transduce
into the cell, for example in the form of complexxtares. Non-limiting examples of complex mixtures
include cell and/or tissue extracts. For exampktsaets from murine embryonic stem cells have been
shown to initiate partial reprogramming of the sfammed 293T cell line, which was permeabilisechgsi
Streptolysin, which creates large pores in the e&mbrane. While this method is obviously not well

tolerated by cells, it does allow the diffusionmblecules into the cells. The inventors hypothetise
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the efficient transduction of cell- or nuclear extis of murine embryonic stem cells or human pbigpt
stem cells into somatic cells such as for examfpla fbroblasts, will allow efficient and complete
reprogramming of these cells into pluripotent swetfis. Similarly, extracts of other cell types msties
may confer the identity or functional propertiestbbse cells or tissues onto the transduced cpd.ty
Accordingly, the invention provides a method fopnegramming a cell, such as a somatic cell, to a
pluripotent cell (i.e. an iPS cell). This is alsa anportant tool for identifying new pathways or
transcription factors that mediate cell fate orclion. Thus in some embodiments, there is proviaed
method for identifying new pathways or transcriptiactors that mediate cell fate or function, wirere
the method comprises transducing cell and/or tiesdeacts into a cell using the transduction meshod
described herein.

In some embodiments, the molecule of interestnmmaromolecule.

In some embodiments, the molecule of interest fisatiein. Non-limiting examples of proteins include
monoclonal antibodies, cytokines, tissue growthdiscand therapeutic proteins. In some embodiments,
the molecule of interest is a biological drug (dtsown as a biologic). In some embodiments thegimot

is an enzyme. For example, the enzyme may be amenthat targets and modifies nucleic acids, ssch a
a restriction enzyme, an endonuclease, Cre-reca@s®iror flippase. In some embodiments the
endonuclease is a modified endonuclease, sucil At affector nuclease (TALEN) (Boch, J "TALEs of
genome targeting"Nature Biotechnology 29 (2): 135-6, 2011). Such endonucleases can be tased
modify nucleic acids in the cell. For example, tliay be designed to target specific DNA sequerxes t
introduce mutations or deletions for gene silen@ngactivation €.g. by exon skipping). The inventors
have shown that TALENs can be transduced into @elts that they can introduce genetic mutations,
including insertions and deletions. In addition, TEADNA binding domains can be coupled to other
effector domains, such as a DNA methyltransferaseaain (which will methylate cytosine residues in
DNA at specific sites), histone modifying domairsjch as for example methyltransferase- or
acyltransferase domains, which modify histones radothe TALE target site, or other protein effector
domains. Beta-lactamase is another example of aymwhich can be transduced by the buffers and
methods described herein. Thus in some embodim#rgsmolecule of interest is beta-lactamase. In
some embodiments, the protein is a transcriptiatofa Transduction of transcription factors intdlce
can be used to drive gene expression and to reelldate, phenotype or identity. For example, OCT2
OCT3, OCT4, SOX2, KLF4, C-MYC, N-MYC, NANOG, ESRRad LIN28 have all been used for the
generation of induced pluripotent stem (iPS) cellBypically, they are introduced into cells by Vira
vectors. However, the transduction method of thention could replace this method. Thus, in some
embodiments the molecule of interest for transducis a transcription factor involved in the regida,
definition or change in the cell cycle and/or ¢ééintity. In other embodiments, the transcriptiaatér is

a transcription factor involved in the maintenancaifferentiation of stem cells. For example, ome
embodiments, the transcription factor is selectechfOCT2, OCT3, OCT4, SOX2, KLF4, C-MYC, N-
MYC, NANOG, ESRRB and LIN28.

A number of transcription factors are also assediatith certain diseases and disorders (see tgble A
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Table A:

Condition

Description

References

Rett syndrome

Mutations in the MECP2
transcription factor are associated
with Rett syndrome, a
neurodevelopmental disorder.

Moretti P, Zoghbi HY (June 2006%urr.
Opin. Genet. Dev. 16 (3): 276-81.

Chadwick LH, Wade PA (April 2007).
Curr. Opin. Genet. Dev. 17 (2): 121-5.

Diabetes

A rare form of diabetes called
MODY (Maturity onset diabetes of
the young) can be caused by
mutations in hepatocyte nuclear
factors (HNFs) or insulin promoter
factor-1 (IPF1/Pdx1).

Maestro MA, Cardalda C, Boj SF, Luco
RF, Servitja JM, Ferrer J (200Bndocr
Dev 12: 33-45.

Al-Quobaili F, Montenarh M (April 2008).
Int. J. Mol. Med. 21 (4): 399-404.

Developmental

Mutations in the FOXP2

Lennon PA, Cooper ML, Peiffer DA,

verbal transcription factor are associated | Gunderson KL, Patel A, Peters S, Cheung
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Replacement of errant transcription factors by ddaiction could be useful for therapy or research
purposes. Therefore, in some embodiments, thechigtien factor is a transcription factor assoaiate
with a disease or disorder. In some embodimentdibease or disorder is selected from a cancer, a
metabolic disease, a cardiovascular disease, adegenerative disease, an autoimmune diseasani so
embodiments, the disease or disorder is an indedisease. For example, in some embodiments, the
transcription factor is selected from MECP2, HNIF;1/Pdx1, FOXP2, FOXP3, p53, STAT and HOX.
In some embodiments, two or moeg( 2, 3, 4, 5, 6, 7 or more) transcription factors acluded in the
transduction buffer or methods of the inventiorr, dsample 2, 3, 4, 5, 6, 7 or all of the transaipt
factors in the list consisting of MECP2, HNFs, IFFdx1, FOXP2, FOXP3, p53, STAT and HOX.

In some embodiments, when the molecule of intaseat protein, it is protein that can modify nucleic
acids, e.g. part of a gene editing system. Protdialscan modify nucleic acids typically have nasle
enzyme activity, for example endonuclease or exease activity. Thus in some embodiments, the
molecule of interest has nuclease enzyme activiig a nuclease. The nuclease activity may be ptese
in the wild type version of the protein or it mag bdded, e.g. by recombinant methods, to generate a
fusion protein. Thus in some embodiments, the nubdeof interest is a fusion protein, for example a
fusion protein with nuclease activity, for exampléranscription factor fused to a domain with nasée
activity. In some embodiments, the molecule ofriggé is a gene editing system or is part of a gene
editing system. In some embodiments, gene ediyistes1s comprise a protein that can modify a nucleic
acid as discussed above and optionally comprighdumolecules, such as guide molecules. In some
embodiments the gene editing system comprises msigts of proteins that target a specific sequence,
such as zinc finger nucleases (ZFNs) or TALENS.sétme embodiments, the gene editing system
comprises a protein that is guided to its targgusaces by a (separate) guide molecule. Examples of
such proteins that are guided to their target ssgpienclude but are not limited to Cas9 nuclease,
proteins from the Cascade system, TtAgo and othgyodaute proteins, and other FOKI-nuclease
associated proteins.

In some embodiments, the guide molecule is a guiséeic acid, such as an sgRNAs or gDNA. Guide
nucleic acids, such as sgRNA or gDNA can be desidnyemethods known in the art to target a specific
sequence in the target nucleic acid (see for examdhli, P., et al., RNA-guided human genome
engineering via Cas9. Science, 2013. 339(6121928-6 for sgRNA; and Swarts, D. et al, DNA-guided
DNA interference by a prokaryotic Argonaute. Nafu2814. 507, 258-261 for gDNA). Thus, in some
embodiments, the molecule of interest is a guiddenu acid, for example an sgRNA or a gDNA (see
further comments below in connection with nucletida). Examples of small guide RNAs suitable for
use with the invention include sgRNA #1, sgRNA 8gRNA #3, sgRNA #4, sgRNA #5, sgRNA #6 or
sgRNA #7 as shown in Figure 19. The following sngalide RNAs were shown to result in particularly
efficienct gene editing: sSgRNA #2, sgRNA #3, sgRX#\ sgRNA #6 and sgRNA #7 (see Figure 19B).

In some embodiments, the protein is a signallingemde. In some embodiments, the protein activates
inhibits a specific signalling pathway or a netwark signalling pathways. For example, in some
embodiments the protein activates or inhibits amginofactor-induced signalling pathway, a cytokine
signalling pathway or a hormone-induced signalfiaghway. In some embodiments the protein activates
or inhibits a signalling pathway selected from Wi¢dgehog, BMP, SMAD, Hippo, Notch, JAK/STAT,
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NF-kB, cAMP, PLC or other signalling pathway knownthe art €.g. see Cell Signalling Biology,
Michael J. Berridge, Module 2, Cell Signalling Ra#tys, Portland Press Limited 2012).

In some embodiments, the molecule of interest istibody. Typically, antibodies are extracellular
molecules. Therefore, when found associated witdeta within cells they are targeted for destrugtio
together with any target molecule that they arenbaw. Thus, the inventors hypothesise that byetarg
antibodies to intracellular targets and transdudimgm into the cell using the transduction buffansl
methods of the present invention, said intracelltdegets could be specifically targeted for detan.
Antibodies targeting intracellular targets are stmes called “intrabodies”. Internalization of canc
fighting antibodies may support cancer therapy Wgcling of tumour-specific protein—protein
interactions (Bitler, B. G. and Schroeder, J. Ac&# Patents on Anti-Cancer Drug Discoveér9-108,
2010).

In some embodiments, the protein of interest is than 10, less than 20, less than 40, less thales®
than 100, less than 150, less than 200, less tB@nl&ss than 750, less than 1000, less than 18669,
than 2000, less than 5000, less than 10,000 antidg & length. In other embodiments, the protdin o
interest is 5 or more, 10 or more, 20 or more, #hore, 70 or more, 100 or more, 150 or more, 200 o
more, 300 or more, 750 or more, 1000 or more, 200More, 5000 or more amino acids in length. In
some embodiments, the protein of interest may lerange in length selected from any of the above
values. In some embodiments, the protein is 1@500-1800, 30-1200, 35-800, 40-500, 5-200, 5-50, 5
30, 5-20, 5-12, 2-50, 2-30, 2-20, or 2-12 amindsdn length.

In a preferred embodiment of the invention, thegdaction compound, buffer or method is suitable fo
transduction of a protein into a cell. In a furteeferred embodiment, the transduction compounfieb

or method is suitable for transduction of a protaid nucleic acid into a cell, either simultanepusl
sequentially or separately.

In embodiments in which the molecule of interestisucleic acid, the nucleic acid is DNA, cDNA,
RNA, miRNA, siRNA or any modified version theredh some embodiment, the nucleic acid is an
oligonucleotide or a polynucleotide. In some embuits the nucleic acid is an antisense
oligonucleotide. In some embodiments, the nuclail as a two-dimensional or three-dimensional
nucleic acid structure, such as a DNA cagg.(for drug delivery). The DNA may be synthetic,
recombinant, foreign or native to the cell thaisitransduced into. In some embodiments the DNA is
plasmid DNA. Plasmid DNA is usually taken up by eagtosis. However, the inventors have surprising
shown that, using the transduction buffer, they sfaft the mechanism of nucleic acid uptake fronmge
primarily by endocytosis to primarily by macropitasis. This means that nucleic acids and enzymes
targeting nucleic acids for recombination and miodifon can be transduced into cells simultaneoigsly
genetic modification and gene therapy. In some elimbents, the nucleic acid has a region of homology
to a sequence of interest with the cell, for examm allow homologous recombination. In some
embodiments, the nucleic acid is small guide RNgRA), for example, for use with the CRISPR/Cas9
gene editing system or other gene editing systema,small guide DNA (gDNA), for example, for use
with the TtAgo gene editing system or other gergrggsystems. In some embodiments, the molecule of
interest is not a nucleic acid.
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In some embodiments, the nucleic acid of intere$ss than 10, less than 20, less than 40, lags7b,
less than 100, less than 150, less than 200, hass300, less than 750, less than 1000, less th@, 1
less than 2000, less than 5000, less than 10,0€)8atides, less than 15,000 nucleotides, less202000
nucleotides, less than 50,000 nucleotides, legs 168,000 nucleotides, less than 200,000 nuclextide
less than 250,000 nucleotides (or equivalent basdength. In other embodiments, the nucleic axfid
interest is 1 or more, 5 or more, 10 or more, 2@nore, 40 or more, 70 or more, 100 or more, 150 or
more, 200 or more, 300 or more, 750 or more, 100thare, 2000 or more, 5000 or more, 10,000 or
more, 20,000 or more, 50,000 or more, 100,000 aen00,000 or more, 250,000 or more nucleotides
(or equivalent bases) in length. In some embodisghe nucleic acid of interest may be any range in
length selected from any of the above values.omesembodiments, the nucleic acid is 10-10,000, 10-
5000, 12-1800, 30-1200, 35-800, 40-500, 2-50, 583P0, or 5-12 nucleotides (or equivalent bases) in
length. In some embodiments, the molecule of istésea whole or a part of a chromosome.

In some embodiments, the molecule of interest twéen about 30 kDa to about 500 kDa, for example
between about 30 kDa and about 200 kDa. For exatimpé®@me embodiments, the molecule of interest is
about 30, about 40, about 50, about 60, about @ta80, about 90, about 100, about 110, about 120,
about 130, about 140, about 150, about 160, abodit dbout 180, about 190, or about 200 kDa. The
inventors have demonstrated that molecules ranfgorg about 30 kDagg. Oct-4) to about 140 kDa
(e.g. a TALEN protein) can be transduced into cells gdime buffer and methods of the invention. In
some embodiments, the molecule of interest is rtfaae 30, more than 40, more than 50, more than 60,
more than 70, more than 80, more than 90, morexB8nmore than 110, more than 120, more than 130,
more than 140, more than 150, more than 160, nf@me 170, more than 180, more than 190, or more
than 200 kDa. These sizes are particularly appkcaihere the molecule of interest is a protein or
peptide. Where the molecule of interest is a nackid molecule, such as an oligonucleotide or a
polynucleotide, the size is typically defined by thumber of nucleotides. In some embodiments, the
molecule of interest is a small molecule. A smatllesule is typically a low molecular weight (<800
Daltons) organic compound that may serve as anneazybstrate or regulator of biological processes.

Transduction of small molecules is useful for ddedjvery.
In some embodiments, the molecule of interestnmaromolecule.

In some embodiments, the molecule of interest hastgpositive charge. In another embodiment, the
molecule of interest has a net negative chargesdme embodiments, the molecule of interest is
zwitterionic. In some embodiments, the moleculeirdkrest is polar. In another embodiment, the
molecule of interest is non-polar. In some embodiisiethe molecule of interest is predominantly
hydrophobic. In another embodiment, the moleculeyidrophilic. In another embodiment, the molecule
is neutral. In some embodiments, the molecule &f@st is soluble at about pH 7. The solubility rbay
improved by the transduction buffer.

In some embodiments, the transduction buffer coseprithe molecule of interest for transduction. In
other embodiments the transduction buffer compmsee than one molecule of interest for transdugtio
for example two, three, four, five or more molesuté interest.
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Any combination of molecules of interest describedein may be included in the transduction buffer o
used in the methods for transduction disclosedimeF®r example, in one embodiment, the transdaoctio
buffer comprises a nucleic acid and a protein, sashan endonuclease or Cre-recombinage {or
genetic modification of said nucleic acid) as males of interest for transduction. In some emboditsie
the transduction buffer comprises a protein andlgspccharide as molecules of interest for transoluc

In some embodiments, the transduction buffer cosepria nucleic acid and a lipid as molecules of
interest for transduction. In some embodiments, tthasduction buffer comprises a nucleic acid, a
protein and a lipid as molecules of interest fansduction.

In some embodiments, the methods for transductieolve the following non-limiting examples of
combinations of molecules of interest: two or mdit#erent proteins (such as TALEN pairs), two or
more nucleic acid molecules, nucleic acid and mofguch as DNA and protein), polysaccharides (such
as dextran) and protein, nucleic acid and lipidhtgin and lipid, nucleic acid, and protein anddipi
Specific examples of nucleic acid and protein piaictude guide nucleic acids and proteins with easé
activity, for example sgDNA and Cas9, or gDNA artégdo, In some embodiments, the nucleic acid and
protein are present as nucleic acid-protein congaex

The same principle applies for the methods of tivention,i.e. the cell may be contacted with two, three,
four, five or more molecules of interest. For exéenp TALEN protein and a nucleic acid and optignal
a lipid may be transduced into a cell simultanepusl

The concentration of the molecule of interest fansduction depends upon the molecule of intetiest,
cell, and the purpose of transduction. The skifledson can determine the appropriate concentrdtion.
some embodiments, the molecule of interest forsttantion is added at millimolar, micromolar or
nanomolar concentrations. In some embodimentspiblecule of interest is added to the transduction
buffer at a concentration of between about 1 nM @mout 1 mM, between about 10 nM and about 500
UM, between about 10 nM and about 100 pM, betwbental0 nM and about 50 uM, between about 10
nM and about 10 uM, between about 10 nM and abqu¥ilbetween about 10 nM and about 500 nM,
between about 10 nM and about 100 nM, between d®atM and 100 nM, between about 100 nM and
about 500 nM, between about 100 nM and about 1hdtyeen about 100 nM and about 5 uM, between
about 100 nM and about 10 puM, between about 10@&nilabout 50 yuM, or between about 100 nM and
about 100 uM. Where the molecule of interest isaen, the concentration may be between about 10
nM and about 1 mM, for example between 10 nM an@ LM, or between about 100 nM and about 1
KM. In some embodiments, the concentration of tiséeaule of interest is between about 1 uM and
about 5 pM, for example about 1 uM or about 5 uM.

In some embodiments, the molecule of interest tsnmadified. For example, in some embodiments, the
molecule of interest is not associated with a eamolecule and/or does not comprise a tag, whehnein
tag facilitates transduction into the cell. For rexde, in one embodiment, the protein of interestas
tagged with a cell penetrating peptide or TAT piratén a further example, in one embodiment nucleic
acid is naked nucleic acid. It is surprising thsing methods of the invention, any molecule ofriedé
can be transduced into a cell without modificatitnsome embodiments, the molecule of interesots n
in a complex with the transduction compound. In s@mbodiments, the molecule of interest is notrin o

associated with a micelle or a liposome. In soméagiments, the molecule of interest is not in a
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complex with the transduction compound. In some adithents, the molecule of interest is not in or
associated with a viral vector.

The inventors have shown that the methods and fdsufiescribed herein can be used to transduce siruse
into cells (for example, see Example 9). Therefanesome embodiments, the invention provides a
method for transducing a virus into a cell or pagioh of cells, wherein the method comprises cdimgc

a cell or population of cells with a transductiarffer and contacting the cell or population of sellith a
virus. In one embodiment, the invention providesnathod for transducing a virus into a cell or
population of cells, wherein the method comprisesatacting a cell or population of cells with a
transduction buffer according to the present ineentand contacting the cells with a virus. The
transduction buffer may be mixed with the virusdsefadministration to the cells or may be admineste
simultaneously, sequentially or separately fromvings.

In addition, the inventors have also observed ithdhe presence of transduction buffer a populatibn
cells shrinks creating space between the cellsnaaking the cells more accessible. This could furthe
enhance the transduction of viruses into cells.sTiusome embodiments, the method of transducing a
molecule of interest into cells involves reductiorthe size of the cells and/or increase in spateden
cells. Without wishing to be bound by theory, thgdntors hypothesise that the shrinking is a result
the hyperosmolality induced by the salt in the $rarction buffer. Nevertheless, the macropinocytosis
mechanism already described above is still likelplay an important role in enhancing transductdn
viruses into cells.

Cdll for transduction

The transduction method can be used to transduoedecule of interest into any cell, including arpairy
cell or a stem cell (including their derivativesick as progenitor cells), a normal healthy cellaor
diseased cell.

In a preferred embodiment, the cell involved in thesduction method is a mammalian cell. This is
because the transduction buffer and method areggtitda be particularly well suited to the mammalian
macropinocytosis system (see below for more degtaii®wever, it is also envisaged that in some
embodiments, the methods might be useful for tnacisd molecules into other animal cells, plantell
yeast cells, insect cells, or bacterial cells. Thosome embodiments, the cell is an animal eepllant
cell, a yeast cell, an insect cell or a bacterdll ¢n some embodiments, the cell is not a baates!l.

In preferred embodiments, the mammalian cell isumdn, primate, rodent (e.g. mouse or rat), rabbit,
dog, cat, horse, cow or pig cell. These mammalsiseéul for research purposes and/or may benefi fr
treatment or diagnosis comprising transduction dmsffand methods of the invention. In some
embodiments, the cell is a non-human cell.

In some embodiments the celliisvivo, optionallyin situ. For example, when treating or diagnosing a
medical condition, the molecule of interest couddaolministered directly and locally in combinatweith
the transduction buffer to an organism or tissuesiad thereof.
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In an alternative embodiment, the cellimsvitro. For example, the cell may be in a culture medium,
wherein the culture medium optionally supports ritentenance, differentiation and/or expansion ef th
cell.

In some embodiments, the cell is derived from aab#ished cell line, such as an established huredn c
line. In some embodiments, the established ceadlibran immortalised cell line. In other embodinsahie
cell line is a primary cell line. Several prior arethods for transduction do not work in primariicésee
background section). Therefore, it is surprisingt tthe transduction buffers and methods of theemtes
invention can be used to transduce molecules irtagpy cells.

Examples of established human cell lines suitateu§e in the context of the invention include are
not limited to HeLa, ESTDAB database, DU145 (presteancer), Lncap (prostate cancer), MCF-7
(breast cancer), MDA-MB-438 (breast cancer), PC®qfate cancer), T47D (breast cancer), THP-1
(acute myeloid leukemia), COS7 (immortalised CVéllscfrom kidney tissue), U87 (glioblastoma),
SHSY5Y human neuroblastoma cells, cloned from alomya, Saos-2 cells (bone cancer). The ESTDAB
database (www.ebi.ac.uk/ipd/estdab/directory.htamid National Cancer Institute (NCI-60) provide
further examples of cancer cell lines which ardadlie for use with the present invention. In some
embodiments, the established cell line is a prinwk line, such as Vero (African green monkey
Chlorocebus kidney epithelial cell line initiatad 1962). In some embodiments, the establishedinell

is a rodent cell line, such as GH3 (pituitary tupp&C12 (pheochromocytoma) or MC3T3 (embryonic
calvarium). Other mammalian cell lines suitable fge with the transduction buffer and methods
disclosed herein include the Madin-Darby caninen&id (MDCK) epithelial cell line, Chinese hamster
ovary (CHO) cell line and Caco-2 cells. In some etitments the cell is a KBM7 cell.

In some embodiments, the cell is a primary celprénary cell or cell line is derived from a celké&m
directly from a living organism, and has not bemmiortalized. In other words, a primary cell or digle
is genetically and phenotypically stable.

In some embodiments, the cell is a stem cell celderived by differentiation of a stem cell. lanse
embodiments the stem cell is a pluripotent sterl) seth as an embryonic stem cell, optionally a &ioim
embryonic stem cell. In some embodiments, the iselhot a human embryonic stem cell. In some
embodiments, the stem cell is not obtained by nuthiat involve the use of human embryos for
commercial or industrial purposes. In some embodimdhe stem cell is not obtained by methods that
necessarily involve the destruction of a human gmbin some embodiments the stem cell is a murine
embryonic stem cell. In other embodiments, the stethis an adult stem cell, such as a neural,cagip
or hematopoietic stem cell. In some embodimentxéieis a murine or human neural stem cell, neuron
cell or glia cell. In some embodiments the stem telan induced pluripotent stem cell. In some
embodiments the cell is a somatic cell or a gerin ce

In some embodiments, the cell is a cell belongmghe immune system, such as a T cell, B cell or
leukocyte, including but not limited to a phagocgteacrophage, neutrophil, or dendritic cell), nmaet,
eosinophil, basophil, and natural killer cell. bmse embodiments, the cell is a dendritic cell.
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In some embodiments the cells for transductioncafeired in an atmosphere comprising between about
4% and about 10% GQabout 5% and about 9% g@bout 6% and about 8% G@referably about 5%
CO..

In all embodiments, where the disclosure refera toell”, it refers to a single cell and also apglito a
“cell population”, for example of 2 or more, 10more, 100 or more, 1000 or more.* 0 more, 10 or
more, 16 or more, 1600r more, 1&or more cells.

Thus, the invention also provides a transducedargbiopulation of cells obtained or obtainable gdime
transduction buffer and/or the methods describediheThe invention provides a cell or populatidn o
cells comprising a molecule of interest whereinrtta@ecule of interest has been transduced inta¢he
using the transduction buffer and/or methods dieedrherein.

Cdl viability

In a preferred embodiment, the transduction budfet methods of the invention have minimal impact on
the viability of the cells. Cell viability is imptant for many applications of the transduced cells,
including but not limited to transplantation of rtsgluced cells; the use of transduced cells to gener
genetically modified embryos for research modefg] the use of transduced cells in reseaich(see
section on “Uses of the invention”). One measureddf viability is cellular proliferation€g the BrdU
incorporation assay, as described in Example 5Shti@aing cellular proliferation demonstrates tha t
normal cell cycle is still functioning.

Assays to measure proliferation, viability and ¢gkicity are known in the art and available
commercially €g. from Sigma Aldrich). Such assays can be used toitorothe response and health of
cells in culture after treatment with various stimilihe proper choice of an assay method dependben
number and type of cells used as well as the eggemitcome. Assays for cell proliferation may monit
the number of cells over time, the number of calldivisions, metabolic activity or DNA synthes@ell
counting using viability dyes such as trypan bluealcein-AM can provide both the rate of prolitéva

as well as the percentage of viable cells. 5(6 @& fluorescein diacetate N-succinimidyl ester (EFS
is a popular choice for measuring the number ofulzel divisions a population has undergone. Upon
entering the cell, CFSE is cleaved by intracelldaterases to form the fluorescent compound and the
succinimidyl ester group covalently reacts withnary amines on intracellular proteins. Upon divisio
the fluorescence intensity of each daughter ceflalyed which allows for the simple detection of th
number of cell divisions by flow cytometry. Assaffsat measure metabolic activity are suitable for
analyzing proliferation, viability, and cytotoxigit The reduction of tetrazolium salts such as MTid a
XTT to coloured formazan compounds or the bioreduacbf resazurin only occurs in metabolically
active cells. Actively proliferating cells increaeir metabolic activity while cells exposed taites will
have decreased activity.

An example of an assay that measures proliferafahe BrdU incorporation assay, which measures
BrdU incorporation into cellular DNA during cellgiferation.
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In a preferred embodiment, when the cells beingestéd to the transduction methods of the invention
are subjected to the BrdU incorporation assay, nitome 50%, more than 55%, more than 60%, more
than 65%, more than 70%, more than 75%, more tQ&f, 8nore than 85%, more than 90%, more than
95%, more than 99% or all cells demonstrate inaatien of BrdU into cellular DNA of the cells.

Viability of cells can also be assessed by stairforgmarkers of apoptosis (e.g. annexin V, caspases
activators etc) or by assessing propidium iodidiakg as a sign of cell death. Cells that do nahsta
positive for such markers of apoptosis (e.g. Ann¥xicaspase activation) or that do not take up
propidium iodide are viable cells.

In a preferred embodiment, more than 50%, more ®&a, more than 60%, more than 65%, more than
70%, more than 75%, more than 80%, more than 8586e than 90%, more than 95%, more than 99%
or all cells are viable after one, two, three, foufive rounds of transduction, as assessed wBingxin

V staining.

Transduction of certain molecules can trigger ahth pathways in cells. For example, foreign
DNA/RNA introduced into cells can trigger the irffegon response pathway which can result in cell
death. In some embodiments, the methods and/aduation buffer of the invention uses/comprises one
or more inhibitors of cell death. Inhibitors of lceleath, such as inhibitors of the interferon reseo
pathway, can help to prevent the apoptotic respansethus improve cell survival. Such inhibitors ca
act at several levels of the interferon responstawey, for example, they may be inhibitors of
extracellular binding of interferon to its receptanhibitors of intracellular interferon signalling
inhibitors of downstream effectors of the Interfem@sponse (e.g. RNasel, PKR, Jak/STAT signalling,
Mx inhibitors). Other types of inhibitors that mhg used include proteins or small molecule compsund
that can ameliorate detection of foreign RNA/DNAti cell, such as the Influenza A NS1 protein. A
combination of inhibitors can also be used. Exasé such inhibitors are known in the art. The
inventors, for example, used interferon inhibitootpin B18R (Nat Protoc. 2013 Mar;8(3):568-82. doi:
10.1038/nprot.2013.019. Epub 2013 Feb 21. Repragiagrhuman fibroblasts to pluripotency using
modified MRNA. Mandal PK1, Rossi DJ; and Cell. 198&y 19;81(4):551-60. Vaccinia virus encodes a
soluble type | interferon receptor of novel struetand broad species specificity. Symons JA1, Aloam
Smith GL.). Therefore, in some embodiments, thesalaction buffer further comprises one or more
inhibitor of cell death, preferably an inhibitor tife interferon response pathway. In some embodsnen
the inhibitor is added before, during and/or aftansduction. In some embodiments the inhibitarssd

at a concentration of about 10 ng/ml to about 1@§nl, about 100 ng/m to about 500 ng/ml, about 200
ng/ml to about 400 ng/ml, about 200 ng/ml to ab800D ng/ml, or about 250 ng/ml. In some
embodiments, the inhibitor is B18R, which is prafdy used at about 250 ng/ml, before (e.g. 3 hours
before) transduction, during transduction and &key. 48 hours after) transduction. Such inhikitare
particularly useful when transducing nucleic acidlecules into cells (for example when transducing
small inhibitory RNAs (siRNAs) or small guide nuidecid molecules, such as sgRNAs or gDNAs, into
cells with a nuclease, such as Cas9, in the comteatgene editing system) but may be useful fbr al
types of molecules of interest, particularly thésat might activate cell death pathways, partidulaia

the interferon response pathway. They are compgatiith all transduction buffers and protocols
described herein.
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Efficiency / Timefor transduction

In order to transduce a molecule of interest intel the molecule of interest and cell are intachfor a
sufficient length of time for the molecule to trdose into the cell.

Generally, the amount of uptake into the cell dates with the amount of time the cell is in cohtaith
the transduction buffer and molecule of interestisTis known herein as the “incubation time” or the
“transduction time”.

In a preferred embodiment, the incubation time esMeen about 1 and about 24 hours, for example
between about 2 and about 12 hours or between @&auatl about 5 hours. In some embodiments the
incubation time is at least 30 minutes, at leasbdr, at least 2 hours, at least 3 hours, at keasturs, at
least 5 hours, at least 6 hours, at least 7 hatiteast 8 hours, at least 9 hours, at least 18shatileast

11 hours, at least 12 hours, at least 13 hoursooe tinan 13 hours. In some embodiments the incubati
time is less than 48 hours, less than 24 hours,tte 20 hours, less than 15 hours, less tharod h
less than 12 hours, less than 11 hours, less thdnodrs, less than 9 hours, less than 8 hourstHass7
hours, less than 6 hours, less than 5 hours, hess4 hours, less than 3 hours, less than 2 houtsss
than 1 hour. In some embodiments the transductioe s 3 hours. In some embodiments the
transduction time is 12 hours. In some embodiméhésincubation time is between about 30 minutes an
about 1 hour. In some embodiments, the incubatime is between about 1 minute and about 30 minutes,
between about 30 minutes and about 60 minutes,eeetvabout 30 minutes and about 90 minutes,
between about 60 minutes and about 90 minutessarthan about 90 minutes, or less than about 60
minutes.

The rate of transduction will depend upon the tgle (and the efficiency of transduction mechanjsms
and the molecule of interest to be transducedsiits, charge, hydrophobicistc). The inventors have
also shown that the higher the osmolality of tlEms$duction buffer, the greater the rate of transolc
Thus, at higher osmolality, the rate of transducti® typically higher and shorter incubation tinses
required. Conversely, at lower osmolality, the ratdransduction is lower and longer incubationetim
are required to achieve equivalent levels of traosdn.

However, as mentioned elsewhere in this discloduperosmolality can negatively affect cell viatyili
and therefore, the incubation time must be balanegtd osmolality and cell viability. By adding
osmoprotectants, the cell viability is protected éimus higher osmolalities and shorter incubatiores
can be used. The optimum osmolality, incubationetiamd concentration of osmoprotectants can be
determined by the skilled person using trial andreand optimisation tests (for example, see Fi@)re
For example, in some embodiments in MEF cells,gisim osmolality of between 650 and 800 mOsm/kg
and including glycerol and glycine in the transdtuctuffer, the incubation time for transductionbefta-
lactamase may be 3 hours. In an alternative emtdim MEF cells, using an osmolality of only 480 t
650 mOsm/kgi(e. a lower osmolality) and including glycerol and ghe, the incubation time required
for optimal transduction may be longem. closer to 12 hours. Similarly, in some embodimeénts\ES
cells, using an osmolality of between 450 and 6@sm/kg and including glycerol and glycine in the
transduction buffer, the incubation time for optinb@nsduction of beta-lactamase may be about 12
hours.
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Transduction can be detected qualitatively or gtatitely using reporter constructs known in theaard
available commerciallye.g. a luciferase or a GFP reporter construct, whelewels of fluorescence
correspond to levels of expression (see the Exanggletion for more details).

In some embodiments, the method comprises one roimdnsduction. However, in other embodiments,
multiple rounds of transduction may be desirabte.éxample, in some embodiments 2, 3, 4,5, 6,9, 8
10 or more rounds of transduction are carried outhee same cells. Each round of transduction may
involve transduction of the same molecule or ofedént molecules of interest.

In between each round of transduction, there may fsecovery period” of at least 1, at least deast 3,
at least 4, at least 5, at least 6, at least[@aat 8, at least 9, at least 10, at least 11 lmast 12 hours. In
some embodiments, the recovery period is at le@shatlleast 20, at least 30, at least 40 or at Bas
minutes.

In some embodiments there is no recovery periothere is a recovery period of less than 24 hdess,
than 12 hours, less than 6 hours, less than 3 hiegissthan 1 hour, less than 30 minutes or less 10
minutes.

During the recovery periods, the transduction buaemoved from the cells and the cells are Bipic
cultured in cell culture medium suitable for thetmalar cell type.

Exemplary transduction buffers and methods

Non-limiting examples of transduction buffers andthods are provided below. It is to be understood
that any combination of compatible embodiments idesd herein can be used for a transduction buffer
or method for transduction comprising a transduchaoffer. Some examples of combinable embodiments
are provided below.

In some embodiments, there is provided a methodrésrsducing a molecule of interest into a cell,
wherein the method comprises contacting the cel @imolecule of interest and contacting the céth w

a transduction buffer comprising a salt which bindsand/or activates a sodium/hydrogen transporter
protein, a transduction compound and optionalligly and/or glycerol as osmoprotectants, wheren th
transduction compound is a small molecule compound.some embodiments, the transduction
compound is a small molecule compound and is rdgtargent. In some embodiments, the transduction
compound is a small molecule compound and is rd#targent and is a zwitterion or a non-zwitterionic
compound with a group that is bioisoteric to a tiegly charged functional group. In some
embodiments, the transduction compound is a smaliéecule compound and is not a detergent and is a
zwitterion. In some embodiments the transductiompound is a small molecule compound and is a
zwitterion or a non-zwitterionic compound with aogp that is bioisoteric to a negatively charged
functional group.

In some embodiments, there is provided a methodrésrsducing a molecule of interest into a cell,
wherein the method comprises contacting the cel @imolecule of interest and contacting the céth w
a transduction buffer comprising a salt which bindsand/or activates a sodium/hydrogen transporter
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protein, a transduction compound selected from &dbland optionally glycine and/or glycerol as
osmoprotectants.

In some embodiments, there is provided a methodréorsducing a molecule of interest into a cell,
wherein the method comprises contacting the ceh wimolecule of interest and contacting the céth w

a transduction buffer comprising a salt, whereia #alt is sodium, lithium, potassium, caesium or
rubidium chloride or gluconate, a transduction commql selected from Table 1, and optionally glycine
and/or glycerol as osmoprotectants.

In some embodiments, there is provided a methodréorsducing a molecule of interest into a cell,
wherein the method comprises contacting the ceh wimolecule of interest and contacting the céth w

a transduction buffer comprising sodium chlorideraamsduction compound selected from Table 1, and
optionally glycine and/or glycerol as osmoprotetdan

In some embodiments, there is provided a methodrésrsducing a molecule of interest into a cell,
wherein the method comprises contacting the cel @imolecule of interest and contacting the céth w

a transduction buffer comprising rubidium chloridetransduction compound selected from Table 1, and
optionally glycine and/or glycerol as osmoprotettan

In some embodiments, there is provided a methodréorsducing a molecule of interest into a cell,
wherein the method comprises contacting the ceh wimolecule of interest and contacting the céth w

a transduction buffer comprising a salt which binolsand/or activates a sodium/hydrogen transporter
protein, a transduction compound according to Fdéeinhwor Formula Il, and optionally glycine and/or
glycerol as osmoprotectants.

In some embodiments, there is provided a methodréorsducing a molecule of interest into a cell,
wherein the method comprises contacting the ceh wimolecule of interest and contacting the céth w

a transduction buffer comprising a salt, whereia #alt is sodium, lithium potassium, caesium or
rubidium chloride or gluconate, a transduction comq according to Formula | or Formula 1l, and
optionally glycine and/or glycerol as osmoprotetdan

In some embodiments, there is provided a methodréorsducing a molecule of interest into a cell,
wherein the method comprises contacting the ceh wimolecule of interest and contacting the céth w

a transduction buffer comprising sodium chlorideramsduction compound according to Formula | or
Formula Il, and optionally glycine and/or glycees osmoprotectants.

In some embodiments, there is provided a methodrésrsducing a molecule of interest into a cell,
wherein the method comprises contacting the cel @imolecule of interest and contacting the céth w

a transduction buffer comprising a salt which bindsand/or activates a sodium/hydrogen transporter
protein, GABA as a transduction compound and optigrglycine and/or glycerol as osmoprotectants.

In some embodiments, there is provided a methodrésrsducing a molecule of interest into a cell,
wherein the method comprises contacting the cel @imolecule of interest and contacting the céth w
a transduction buffer comprising a salt, whereia Halt is sodium, lithium, potassium, caesium or
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rubidium chloride or gluconate, GABA as a transducttcompound and optionally glycine and/or
glycerol as osmoprotectants.

In some embodiments, there is provided a methodréorsducing a molecule of interest into a cell,
wherein the method comprises contacting the ceh wimolecule of interest and contacting the céth w
a transduction buffer comprising sodium chloridéBA as a transduction compound and optionally
glycine and/or glycerol as osmoprotectants.

In some embodiments, the transduction buffer haesamolality of at least 250 mOsm/kg, at least 300
mOsm/kg, or at least 700 mOsm/kg. In some embodsnéme transduction buffer has an osmolality of
at least 400 mOsm/kg. In some embodiments, thedtation buffer has an osmolality of at least 1000
mOsm/kg. In some embodiments, the transduction adeithvolves the step of inducing osmotic pressure
across the cell membrane. In some embodimentstahsduction buffer is hypertonic with respecthe t
culture media in which the cell was maintained iptio transduction and/or with respect to the cell
cytosol.

In some embodiments, the transduction method imgolctivation of macropinocytosis and/or activation
of endosomal lysis. In some embodiments, the tratgzh method (as a whole) has 20% or more, 30%
or more, 40% or more, 50% or more, 60% or more, pd¥nore, 80% or more, 90% or more, 100% or
more, 110% or more, 120% or more, 150% or more%2060 more, 300% or more, 400% or more, 500%
or more, 600% or more, 700% or more or 800% or nramesduction efficiency, e.g. wherein the method
involving compound #1 as shown in Table 1 is a@@rft.e represents 100% transduction efficiency).

In a preferred embodiment, more than 75% of this @k viable after transduction, as assessed using
annexin V staining.

In some embodiments, the transduction buffer furdt@mprises one or more of a GABA agonist, a
growth factor, a Tat-HA2 fusion peptide and a sodhydrogen transporter enhancer.

In some embodiments, the method comprises theo$tebtaining and/or maintaining the cells in cuétur
medium prior to transduction. In some embodimetits, method further comprises contacting the cell
with a culture medium during transduction, preféyai the absence of antibiotics.

In some embodiments, the transduction buffer cosapra cell-permeable antibiotic, such as for exampl
doxycycline or tetracycline.

In some embodiments, the transduction buffer anftiliy comprises one or more (e.g. 1, 2, 3, 4 af5)
a viscosity enhancer, growth factor, cytokine, og@nsmitter, or agonists thereof, such as a GABA
agonist.

In some embodiments, the method comprises congattien cell with the transduction buffer for a perio
of at least 30 minutes, preferably for about 12rBoln some embodiments the method involves at leas
two rounds of transduction i.e. the cell is corgddby the transduction buffer and the moleculentdrest

for at least two continuous periods of at leastr®@utes with a recovery period in between.
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In some embodiments, the cell is a primary cell.

In one embodiment the transduction buffer comprégeBum chloride, a transduction compound selected
from Table 1, and glycine and/or glycerol. The comonpd selected from Table 1 is at a concentration of
about 5 to about 50 mM. The glycine is at a conegioh of about 15 mM. The glycerol is at a
concentration of about 30 mM. The sodium chloridaynbe added to adjust the osmolality to
approximately 700 mOsm/Kg. The final volume mayntede up using water or culture medium, such as
DMEM medium. The molecule of interest for transdoctis added at an appropriate concentration
depending on the molecule type. In one non-limitexgample, the concentration of the molecule of
interest may be between about 10 nM and abouMO0In some embodiments, the transduction buffer
further comprises a Tat-HA2 fusion peptide, whicaynibe at a concentration of about 5 pM. In some
embodiments, the buffer further comprises a GABAMgt. In some embodiments, the transduction
buffer further comprises one or more growth factansl/or cytokines and/or neurotransmitters and/or
small molecule agonists of these signalling patlsvay

In another embodiment, the transduction buffer aigep sodium chloride, a transduction compound
selected from Table 1, and glycine and/or glycefidie compound selected from Table 1 is at a
concentration of about 50 to about 500 mM. The iglyds at a concentration of about 300 mM. The
glycerol is at a concentration of about 150 mM. H®welium chloride may be added to adjust the
osmolality to approximately 1000 mOsm/Kg. The fimalume may be made up using water or culture
medium, such as DMEM medium. The molecule of irgefer transduction is added at an appropriate
concentration depending on the molecule type. la pon-limiting example, the concentration of the
molecule of interest may be between about 10 nM amout 100 pM. In some embodiments, the
transduction buffer further comprises a Tat-HAZdaspeptide, which may be at a concentration ouabo

5 uM. In some embodiments, the buffer further casgsra GABA agonist. In some embodiments, the
transduction buffer further comprises one or morwgh factors and/or cytokines and/or

neurotransmitters and/or small molecule agonisthesge signalling pathways..

In some embodiments the transduction compound iBIREB or an NDSB, such as NDSB-201 or a
compound selected from compounds #42, #1, #45, #4@, #15, #10, #11, #28, #37 and #46 shown in
Table 1.

In some embodiments, the transduction method caeprcontacting mESCs, iPSCs, human iPSC-
derived glial cells or neurons with the moleculendérest. In some embodiments the molecule oféste

is a protein at a concentration of between abooMland about 100 uM, for example about 1 uM or
about 5 pM. In some embodiments the protein oféstds CRE. The transduction buffer may comprise a
salt and a transduction compound, and optionalbiitechally comprises 5uM Tat-HA2 fusion peptide
and optionally an osmoprotectant. In a further ediibent, the method involves two sequential rourfds o
transduction, wherein the cells are contacted withprotein of interest, such as CRE, for 12 haurs
each round of transduction, with a 12-hour recoyemjod between each round of transduction.

Mouse embryonic stem (mES) cells can be transdusedy the following protocol (the “transduction

protocol” in the examples): 75,000 mES cells pell wee seeded onto gelatin-coated plates using mES

media; on the following day, the molecule of intr¢e.g. a protein, such as Cre protein) in 5x
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transduction buffer is diluted with mES media (ébyg.1:5); the complete mixture is then added to the
cell; after about 12hrs, the transduction medigfgaced by mES media.

Mouse Neural Stem cells can be transduced usingptlosving protocol (the “transduction protocol” in
the examples): neurospheres are plated with nelustera cells media; next, the molecule of intefess.
20ul of protein, such as. CRE) in 5x transductiaffdy is added to the cells and mixed carefullypwab
12hrs later, transduction media is replaced byhfre=ural stem cell media.

Human iPS cells can be transduced using the faligyairotocol (the “transduction protocol 12/500” in
the examples). Cells are passaged by mechanicaitision into small clumps e.g. following mTeSR1
or TeSR-E8 manufacturer’s instructions and seedea onatrigel coated plate to reach about a 50%
confluency. The following day, the molecule of & (e.g. a protein, such as CRE protein) in 5x
transduction buffer is diluted (e.g. 1:5) with mR#Sor TeSR-E8. The complete mixture is then added t
cells. After 12hrs of transduction, media is repthby fresh mTeSR1 or TeSR-E8 media and cells ean b
incubated for 24-48 hrs.

In some embodiments, the transduction buffer isdusetransduce DNA and lipids into a cell (for

example, see Example 7 and Figure 11). In some @imients, the transduction buffer comprises plasmid
DNA and a lipid. For example, the transduction buficomprises 100ng plasmid DNA, 0,8ul

Lipofectamine LTX lipid reagent, 0,1ul plus reagéhife Technologies) and 20ul of 5x transduction

buffer. The final transduction buffer comprises ADGNESC media and Leukemia Inhibitory Factor
(LIF). LIF is used in the context of ES cells taimtain the stem cell state.

In some embodiments, the transduction buffer id usetransduce DNA and protein into a cell (for
example, see Example 8 and Figure 12). For examplepme embodiments, the transduction buffer
comprises 100ng plasmid DNA, 0,8ul LipofectamineXUipid, 0,1l plus reagent (Life Technologies)

and 20ul CRE protein in 5x transduction buffer. Timal transduction buffer comprises 100ul mESC
media and LIF.

In some embodiments, the transduction buffer ergsamiral incorporation into cells, such as humad iP
cells (for example, see Example 9 and Figure 18).eixample, in some embodiments, the transduction
buffer additionally comprises concentrated virakckt polybrene, and human iPSC culture media.

In some embodiments, the methods of transductien saitable for transducing proteins with low
solubility (see Example 10). In some embodimentsaasduction buffer suitable for transducing pircte
with low solubility has an osmolality of about 1068Dsm/kg, comprises a transduction compound at a
concentration of about 250 mM, and comprises anopsotectant at a concentration of about 150-
300 mM.

In some embodiments, the transduction buffer cosepribsO0mM NaCl, 250mM NDSB-201, 300mM
glycine, 150mM Glycerol in D-MEM N2/B27 and LIF. ihis the “2/1000” transduction buffer. It is
suitable for transducing proteins with low solulyili

In one embodiment is provided a method for transgdumES cells. The method for transducing mES
cells comprises adding 80ul of 2/1000 transduchaffer to 20ul CRE protein (or other molecule of
interest) in 5x transduction buffer 12/500. Thelxake incubated for 2 hrs. Following incubatidme t
transduction buffer is replaced with mESC media.
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In some embodiments, human iPS cells can be traaddwith TALEN proteins (for example, see
Example 11). In some embodiments, human iPS cadlsngubated with about 2uM TALEN protein for
about 12hs. For example, about 20ul TALEN protei®x transduction buffer is mixed with about 80l
of human iPS cell media.

In some embodiments, the transduction buffer candeel for simultaneous transduction of proteins and
large molecules into a cell (for example, see EXantig). For example, in one embodiment is provided
method for transducing Dextran and BSA into MEFse Thethod comprises incubating the cells with
5ug/ml of Dextran and 1ug of BSA in 1x transductinedia (protocol 3/700) for 30 min. Subsequently,
cells are washed twice in 1x transduction buffer.

In some embodiments, the transduction buffer anthods can be used for transduction of a proteih tha
is capable of modifying a nucleic acid or of a gedéing system into cells. In some embodimentsreh

is provided a method for transducing a protein ieatapable of modifying a nucleic acid or a gene
editing system, such as a Cas9 nuclease and anAsgiRtd a cell, wherein the method comprises

incubating the cell with about 250 mM of a trangthrccompound (e.g. compound #20) at an osmolality
of about 1250 mOsmol/kg, for about 60 minutes. dms embodiments, two subsequent rounds of
transduction may be used. In a preferred embodingeiis are incubated with about 250 ng/ml of B18R

protein before (e.g. about 3 hours before) transoiucand/or during transduction and/or after (algput

48 hours after) transduction. In some embodimdwptire (e.g. 15mM) and/or glycerol (e.g. 30 mM) are

included as osmoprotectants. The skilled persoh widerstand that other suitable protocols may
alternatively be used which fall within the scopé¢he invention.

The invention also provides a method for modifyangucleic acid, such as a genetic sequence, iil,a ce
wherein the method comprises contacting said détl avprotein capable of modifying a nucleic acndl a

a transduction buffer, wherein the transductiorfdsufomprises (i) a transduction compound, (iiak er

an activator/enhancer of a sodium-hydrogen tratspcand preferably (iii) an osmoprotectant. In som
embodiments, the protein capable of modifying deio@cid is targeted to a specific target sequeioce
example wherein the protein is a zinc finger nusbes a TALEN, Cas9, a Cas9 analog, a DNA-targeted
Fokl-nuclease-associated protein, a Cascade copmalEpAgo protein or other Argonaute protein otithe
derivatives. In some embodiments, the cell is rrtontacted with a guide molecule to direct thagin

to a target genetic sequence. In some embodimengspsmolality is adjusted to between about 1000
mOsm/kg and about 1500 mOsm/kg, preferably abo0 1Osm/kg. In some embodiments, the
transduction compound is used at a concentrati@bofit 200 nM to about 400 nM, preferably about 250
mM. In some embodiments, transduction is carriegda@uabout 1 hour to about 24 hours or from aldout
hour to about 12 hours. In some embodiments, drestluction buffer further comprises an inhibitor of
the interferon response pathway, for example, B18Bome embodiments, the cell is a stem cell, such
as an iPS cell or a stem cell line, including feample human stem cell lines. In some embodiméms,
osmoprotectant is selected from selected from géjcglycerol, taurine, glycinebetaine, myo-inositol
glutamine, glutamate, arginine, mannitol and tretel

In some embodiments, in the method for modifyingualeic acid, such as a genetic sequence, in a cell
the protein capable of modifying a nucleic acigissent in the cell for less than 10 days, less tha
days, less than 4 days, less than 3 days, les2tdays, less than 1 day, less than 12 hourstHass6
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hours, or less than 1 hour. If the protein capablemodifying a nucleic acid is present in the deH too
long, it can start to have damaging off-target @fdi.e. modify non-target sequences). This isroft
problem with traditional forms of transfection whimvolve expression of the protein from an expass
plasmid over a number of days.

In some embodiments, the method for modifying ale@iaacid, such as a genetic sequence, in a cell,
further comprises isolating or using the modifiegll.cThe invention also provides a modified cell
obtainable or obtained by these methods. In sontdiments the modified cell comprises a transduced
gene editing system. In some embodiments, the mddifell does not comprise a viral vector. In some
embodiments, the modified cell does not comprisargoparticle carrier. In some embodiments, the cell
does not comprise a cell penetrating peptide.

Phar maceutical composition

In some embodiments, the invention provides a pheeutical composition comprising the transduction
buffer of the invention and a molecule of interesttransduction. In some embodiments, the inventio
provides a pharmaceutical composition comprisirg tiansduction buffer. In some embodiments, the
molecule of interest and transduction buffer congmte are administered simultaneously or sequentiall

The pharmaceutical composition can include furt@mponents in addition to the transduction buffer
and a molecule of interest. For example, a pharoimad composition will usually include a
pharmaceutically acceptable carrier, which canriyesaibstance that does not itself induce the pitamiuc

of antibodies harmful to the patient receiving tteenposition, and which can be administered without
undue toxicity. Suitable pharmaceutically accelgt@arriers are well known in the art. Pharmacaillgic
acceptable carriers can, for example, include disusuch as water, saline, glycerol and ethanol.
Auxiliary substances, such as wetting or emulsdyagents, pH buffering substances, and the like, ca
also be present in pharmaceutical compositions Geenaro (2000) Remington: The Science and
Practice of Pharmacy. 20th edition, ISBN: 06833@)47

In some embodiments, there is provided a pharmaet¢utomposition comprising a transduction
compound or transduction compound and a proteiatitapof modifying a nucleic acid, such as a gene
editing system.

The pharmaceutical composition may be sterile arm/mgen-free.

The invention also provides a containerg( vial) or delivery device €g. syringe) pre-filled with a
pharmaceutical composition of the invention. Timeention also provides a process for providing sach
container or device, comprising introducing inte ttontainer or device a composition of the inventio

The appropriate dose may vary depending upon thkhhand physical condition of the individual to be
treated, age, the taxonomic group of individuabéotreated€g. human, non-human primate, primate,
efc.), the degree of transduction desired, the formaradf the pharmaceutical composition, the treating
doctor's assessment of the medical situation, &mel oelevant factors. The dose may fall in a rebdy
broad range that can be determined through rotriads.
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Compositions of the invention may be prepared inous liquid forms. For example, the compositions
may be prepared as injectables, either as solutibssispensions. Injectables for local sub-cutasi@ou
intramuscular administration are typical. Injectioray be via a needle.§. a hypodermic needle), but
needle-free injection may alternatively be used.

Compositions may include an antimicrobial. Antinsigials such as thiomersal and 2-phenoxyethanol are
commonly found in pharmaceutical compositions, buts preferred to use either a mercury-free
preservative or no preservative at all.

Compositions may comprise detergerd. a Tween (polysorbate), such as Tween 80. Detergaets
generally present at low levetsg. <0.01%. In some embodiments, the buffer does natpcize a
detergent. In some embodiments, the method fosdrastion does not involve the use of a detergent
during transduction.

Effective dosage volumes can be routinely estabtisliepending on the purpose of the composition.
Typical human dose of the composition might be, édsample about 0.5még. for intramuscular
injection .g. local injection into the muscle or tissue of insje Similar doses may be used for other
delivery routes.

The invention also provides a kit comprising a $@urction buffer of the invention or a pharmacedutica
composition of the invention. The kit may addititpacomprise cells and/or molecules of interest for
transduction. The kit may also comprise instructitor use. The kit may include the various compésen
of the transduction buffer in one or more sepatetainers, e.g. 1, 2, 3, 4, 5, 6 or more separate
containers. For example, the kit may comprise ataioer comprising a salt solution, a container
comprising the transduction compound, a contairenprising the molecule of interest, a container
comprising the osmoprotectant and/or a containerpeising a diluent or media. In addition the kityma
comprise any one or more of the additional othenmanents as described herein, wherein they are
suitable for simultaneous, sequential or sepacdt@rastration with the transduction buffer.

Uses of theinvention

The invention provides the use of the transduchuoffer, for transducing a molecule of interest iato
cell.

Transduction of molecules into a cell can be uskfuboth research and therapeutic reasons.

In some embodiments, the transduction buffers arthods of the invention can be used for genetic
modification. For example, in some embodiments)ddaiction of certain enzymes into cells can rdasult
modification of the cell’'s genome or modificatiof foreign nucleic acid sequences. For example, the
transduced molecule (such as an enzyme) may resuisertion, deletion, substitution, translocation
inversion or modification of one or more (for exdmp sequence of 2, 3, 4, 5, 6, 7, 8, 9, 10, 20480

50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 300, 900, 1000, 2000, a0 10°, 10’ or more)
nucleic acids. For example, Cre-Lox recombinat®a site-specific recombinase technology widehduse
to carry out deletions, insertions, translocatiand inversions in the DNA of cells (Turan, S.; @a\.;
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Ernst, E.; Qiao, J.; Voelkel, C.; Schiedimeier, Behe, C.; Bode, J. (2011). "Recombinase-mediated
cassette exchange (RMCE): traditional conceptscaneknt challengesd. Mol. Bial. 407 (2): 193-221).

It allows the DNA modification to be targeted tsecific cell type or be triggered by a specifiteenal
stimulus. It is implemented both in eukaryotic grdkaryotic systems. The system consists of a &ingl
enzyme, Cre recombinase, which recombines a pahaoit target sequences called tox sequences.
This system can be implemented without inserting extra supporting proteins or sequences. The Cre
enzyme and the origindlox site called the.oxP sequence are derived from a bacteriophage Plinglac
Lox sequences appropriately will allow genes tabiivated, repressed, or exchanged for other géies.

a DNA level many types of manipulations can beiedrout. The activity of the Cre enzyme can be
controlled so that it is expressed in a particakt type or triggered by an external stimulus,hsas a
chemical signal or a heat shock. These targeted PiNhges are useful in cell lineage tracing andnwhe
mutants are lethal if expressed globally. The Cog-kystem is very similar in action and in usagét®
FLP-FRT recombination system, which involves theorebination of sequences between short flippase
recognition targetRRT) sites by the recombinase (FIp) derived from thenZlasmid ofSaccharomyces
cerevisiae. Thus, in some embodiments, the invention provitleause of the transduction buffer in a Cre-
Lox or a FLP-FRT recombination system for transdgcCre recombinase or flippase into a cell. The
invention also provides a method for transducimgadecule of interest into a cell, wherein the malec

of interest is Cre recombinase or flippase.

In some embodiments, the transduction compoundebaf method can be used for genetic modification
of specific gene sequences, also referred to hesefgene editing”. In some embodiments, the ineent
also provides a method for modifying a genetic sege in a cell, wherein the method comprises a
transduction method of the invention, and wheréia molecule of interest is a protein capable of
modifying a nucleic acid, preferably a specific gegequence, and optionally is part of a gene editin
system. In recent years, two essentially diffegarte editing systems have been developed that diffe
the way they find their specific genomic targetusatre. One type, represented by zinc-finger nueteas
(ZFNs) and TALENS, uses customizable domains witheanuclease protein itself to recognize specific
target DNA sequence in the genome. The other typepresented by the Cas9/CRISPR, Cascade and
TtAgo and other Argonaute protein systems, sometiooeipled as fusion protein to a nuclease domain,
such as the Fokl nuclease domain, which use a conpraiein (complex) that is the same regardless of
the genomic target site, which is targeted to aifipdarget by an associated nucleotide sequesweh(
as an sgRNA or gDNA). Traditionally, these genetiegisystems have been transfected into cells as
nucleic acids encoding the protein/RNA machinehg transfected nucleic acids are then expressed
within the cells. Traditional methods for nuclemdtransfection involve viral vectors, electropora or
carrier nanopatrticles or liposomes. These methauispler clinical applications and are inefficient for
certain cell types as explained elsewhere. Thenitove have shown by contrast that transduction
compounds, buffers and methods described hereircapable of directly delivering proteins and/or
nucleic acids into cells (e.g. as part of genemgigystems) allowing rapid, non-viral and highffictent
gene editing. Specifically, they have shown thahl§types” of gene editing machinery mentioned abov
can be transduced using the transduction compobnffers and methods of the invention. Thus in some
embodiments, the transduction methods of the imwerdre used for genetic modification, wherein the
transduction does not require or does not comgtiseuse of viral vectors (in particular, does not
comprise the use of viral vectors for expressingtgins inside cells), does not require or does not
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comprise the use of electroporation, does not requidoes not comprise the use of carrier naniopest
and/or does not require or does not comprise thelisposomes.

In some embodiments, the invention provides aatgtinable or obtained by the transduction mettodds
the present invention, for example, wherein thé @eés not comprise a viral vector (for exampleegio
not comprise the viral vectors encoding proteirzg tan modify genes), or for example, wherein &le ¢
does not comprise carrier nanoparticles, miceltdgposomes.

In some embodiments, the molecule to be transdinteda cell is an endonuclease. Endonucleases are
enzymes that cut DNA strands at a specific sequélremscription activator-like effectors (TALES)ear
engineered transcriptional regulators that have llesigned to bind a particular desired DNA seqgeienc
(Moscou, J & Bogdanove, AZience 326 (5959): 1501, 2009). By combining such an engie@8rALE

with an endonuclease domain (which cuts DNA strgrate can engineer endonucleases that are specific
for any desired DNA sequence. When these restnictitzymes are introduced into cells, they can be
used for genome editinth situ, a technique known as genome editing with engatkarucleases.
Transcription activator-like endonucleases (TALENah be used to edit genomes by inducing double-
strand breaks (DSB), which cells respond to witlpare mechanisms (Zhang, Et.al. Nature
Biotechnology 29 (2): 149-53, 2011). Thus, in some embodimentsjrihention provides the use of the
transduction buffer in restriction enzyme-basecindonuclease-based (such as TALEN-based) genetic
engineering. Accordingly, in some embodiments tldegule of interest to be transduced into a cedl is
TALEN. Foreign nucleic acid sequences may alsontrduced into the cell by methods of the present
invention or by alternative transduction method®lADmay optionally be introduced into a genome
through non-homologous exon joining in the presesicexogenous double-stranded DNA fragments.
Homology directed repair can also introduce fordigtA at the double-stranded break as the translecte
double-stranded sequences are used as templatire fiapair enzymes. Thus, TALENs have been used
to generate stably modified human embryonic stethael induced pluripotent stem cell (iPS cell)
clones, to generate knocko@t elegans, knockout rats, and knockout zebrafish. Therefimesome
embodiments, genetic modification by TALENs or ettransduced molecules, could be used to replace
injection techniques currently used for the modifien of pre-implantation embryos or blastocyststfie
generation of genetically-modified animale.g( for the generation of model organisms displaying
particular traits or with particular genetic disemsor disorders) (Voncken JW. Methods Mol Biol.
2011;693:11-36). By coupling other domains onto T@&.E backbone, one can also modify or regulate
DNA in other ways. For example, the addition ofansactivation domain instead of the endonuclease
domain, turns a TALE into a transcriptional actovatThe addition of a repressor domain results in a
TALE that shuts gene transcription off. Addition @fmethylation domain allows DNA methylation at
specific sites. Similarly, addition of a histonedifaation domain (for example histone acetyladejves
histone modification at specific sites etc. Theseadl envisaged as molecules for use with theritiga.

In some embodiments, a protein nuclease and a guideic acid (such as an sgRNA or gDNA) are
transduced into the cell simultaneously or seqabintiusing transduction compounds, buffers and/or
methods of the invention. For example, in some aimbents, a Cas9 nuclease and an sgRNA are
transduced into the cell simultaneously or seqa#wtiSmall guide RNAs and guide DNAs can be
designed to target a specific DNA sequence and tiigscombination can be used for specific gene
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editing. As mentioned above, this combination i®Wwn as the CRISPR/Cas9 system. Other similar
systems and alternatives to Cas9 nuclease, in@uzteins from the Cascade system, TtAgo and other
Argonaute proteins, and other FOKI-nuclease astagtaroteins.

Thus in some embodiments, the invention provideethod, for transducing a gene editing system, such
as a TALEN system, a CRISPR/Cas9 system (prefeiablyding systems involving Cas analogs from
different species), a Fokl nuclease system, a @asegstem, a TtAgo system or other Argonaute protei
systems, into a cell. The transduction compounds lasffers described herein can be used for such
methods and can allow gene editing in cells, withilhe need for viral transfection (see comments
above).

In some embodiments the nucleic acid targeted bygdne editing system is endogenous nucleic acid,
e.g. genomic DNA. In other embodiments, nucleid dargeted by the gene editing system is exogenous
nucleic acid, which may, for example, be transduoga the cell with the gene editing system as pért
the transduction method.

In some embodiments, such gene editing systemsbeansed to generate targeted gene mutations
including but not limited to monoallelic or bialielgene knockouts. For example, see Example 14evher
the inventors demonstrated bialleic WDR85 geneugtion. When transduced into the cells using the
methods of the invention, (for example, insteadisihg prior art viral transfection methods), theng
editing systems result in highly efficient monoktleor biallelic gene knockouts. Thus, in some
embodiments, the methods of the invention resudtt ilrast 1%, at least 2%, at least 5%, at lec4t, HD
least 20%, at least 30%, at least 40%, at least 2% ast 60%, or at least 70% monoallelic orldlial
gene madification (or knockout).

Gene editing can also be used to study gene furgtio animals and for gene therapy in animals,
including humans. It is also useful in the fieldsghthetic biology for engineering cells and orgams to
perform novel functions. In addition, gene funciaan be studied modified cell lines, such as stelin
lines. Therefore, in some embodiments, the trartgstiucompounds, methods or buffers of the invention
particularly when used in combination with the gemtiting embodiments, can be used to study gene
function, for gene therapy or for synthetic biology

In some embodiments, in such methods, enzymesasuthose described above are transduced into the
embryonic or blastocyst cell to genetically modifie cell, prior to implantation into the animal.ughin
some embodiments, the transduction buffer and ndsthbthe invention could be used to generate model
organisms, such as knockout organisms. In otherodmients, it is contemplated that the transduction
buffer and methods of the invention could be usedreating genetically inherited disorders in hus)a

e.g. at the human embryo or blastocyst stagg pre-implantation genetics). The invention thusvjtes

a method for transducing a molecule of interesi aftcell wherein the molecules of interest are eiacl
acids and/or enzymes which modify nucleic acidgl aptionally wherein the cell is an embryonic or
blastocyst cell.

In some embodiments, the genetic modification meslthe integration of foreign DNA into the host
genome, wherein the foreign DNA is the moleculerérest that is transduced into a cell using the
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methods of the present invention. However, to aaterrant integration and genome disruption, inesom
embodiments the genetic modification involves a-miegrative approach,e. the modified nucleic acid
is not integrated into the genome.

The transduction buffer and methods of the inventould also be used to generate iPS cells, €lither
genetically modifying cells to express certain s@ption factors involved in pluripotent stem cell
maintenance, or by transducing the transcripti@tofa directly into the cells. Examples of trangtion
factors involved in the induction of pluripotencyciude but are not limited to OCT2/3/4, SOX2, KLF4,
C-MYC, N-MYC, NANOG, ESRRB and LIN28.

In some embodiments, the invention provides a thaction buffer or pharmaceutical composition, for
use in therapy, prophylaxis or diagnosis.

The invention also provides methods for therapydiagnosis comprising transducing a molecule of
interest into a cell. The cell may be amvivo cell, in which case the treatment is a directttnegt.
Alternatively, the cell may be transdudediitro, e.g. for in vitro diagnosis. Alternatively, the cell may be
transducedin vitro prior to transplantation of the cell into a patiefihe transplantation may be
autologous or allogenic.e. the transduced cell may be transplanted backiir@@same patient that it was
taken from (autologous) or into a different pers(ilogenic). In a preferred embodiment the
transplantation is autologous.

Biological drugs (also known as biologics) incluglimonoclonal antibodies, cytokines, tissue growth
factors and therapeutic proteins are becoming asingly important alternatives to chemical small
molecules for use in therapy. However, there areraber of difficulties associated with biologicaluds,

in particular relating to their delivery to thedat of interest. The transduction buffers and meshaf the
present invention could be used to improve delivefybiologics to cells. For example, in some
embodiments the molecule of interest in the metloddle invention is a biologic, for example seett
from a monoclonal antibody, cytokine, tissue grofabtor and therapeutic protein. The cell of insere
may be transduced vitro and transplanted back into the patient, or thiencay be transducdd vivo.

In some embodiments there is provided a proteintiwalifies a nucleic acid, for example a gene egiti
system (such as ZNF, TALEN, CRISPR/Cas9, the Cassgstem, TtAgo and other Argonaute systems,
and other FOKI-nuclease associated proteins), $erin therapy. In some embodiments, said therapy
comprises a method of transducing a molecule intelh according to the invention. A number of
diseases and conditions can be treated by trarisdwdtproteins that modify a nucleic acid, for exae
gene editing systems, and it would be clear tosliked person which diseases or conditions can be
treated. Conditions and diseases treatable byduatisn of a protein that modifies a nucleic adit,
example a gene editing system, include but ardimded to genetic diseases such as, sickle ce#latie,
Leber's congenital amaurosis, X-linked SCID, ADA#BCadrenoleukodystrophy, chronic lymphocytic
leukemia (CLL), acute lymphocytic leukemia (ALL),uttiple myeloma, haemophilia and Parkinson's
disease. The therapy may be somatic or germline gerapy, i.e. in some embodiments the cell in the
transduction method is a somatic cell or a gerrh cel
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The transduction buffer and methods of the inventtan also be used to load antigens into antigen-
presenting cells for presentation to the immuneesys This advantageously produces a novel vaccine
manufacturing process. For example, antigens haes tobaded into dendritic celia vitro and then
transplanted back into the body. However, the noghassed up until now have damaged the dendritic
cells, eg. because they have forced the proteins into tHe osing mechanisms such as endocytosis.
Dendritic cells already have very active macropyitosis pathways. Therefore, by using methods of the
invention, the dendritic cells could be loaded withtigen via the macropinocytosis pathway, with
negligible damage to the cell. This method couttiegibe carried oun vitro prior to transplantation of
the cells into the patient or the antigens couldtta@sduced into dendritic cells (or other antigen
presenting cellsin vivo, e.g. by sub-cutaneous injection.

Accordingly, there is provided the use of the toargtion buffer for transducing antigens into amige
presenting cells. There is also provided a metlwdransducing antigens into antigen presentings.cel
The invention also provides the use of the tran@olucbuffer and/or methods of the invention for
manufacturing a vaccine, for example, whereby thecine comprises antigen-presenting cells that have
been transduced by the methods of the presenttiomene. wherein the antigen of interest has been
transduced into the cell. Similarly, the inventimmovides a method of vaccinating, treating or pnéivne

a subject comprising administering a cell to thigject, wherein the cell has been transduced bythode

of the present invention. Likewise the inventioroypdes a cell for use in a method of vaccinating,
treating or preventing a subject, wherein the mattbomprises comprising administering a cell to the
subject, wherein the cell has been transducedrbgthod of the present invention.

In some embodiments, the invention provides the afsa transduction buffer described herein in a
method for cationic lipid-mediated DNA transfectiorhe invention provides a method for transducing
lipid and DNA into cell, wherein the method is a&sdribed herein.

General

The term “comprising” encompasses “including” adlwae “consisting” e.g. a composition “comprising”
X may consist exclusively of X or may include sohieg additional e.g. X+Y.

The word “substantially” does not exclude “complgte.g. a composition which is “substantially ffee
from Y may be completely free from Y. Where necegsthhe word “substantially” may be omitted from
the definition of the invention.

The term “about” in relation to a numerical valuemgans, for example, xx10%. It also refers speific
to the exact value, e.g in the above example, &otgx10%. Where necessary, the word “about” may be
omitted from the definition of the invention.

The term “a” or “an”, unless specifically statechetwise, means “one or more”. For example, it can
mean “only one” or it can mean “more than one”,daample “two, three, four, five or more”.

Unless specifically stated, a process comprisirgfep of mixing two or more components does not
require any specific order of mixing. Thus compdsezan be mixed in any order. Where there are three
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components then two components can be combinedeasith other, and then the combination may be

combined with the third componestg.

It will be understood that the invention will besdabed by way of example only and modifications/rha
made whilst remaining within the scope and spfrthe invention.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1: Cre recombinase protein transduction using the method described by Okada, et al.

(A) Schematic representation of Cre recombinase reporter. A CMV-Lox-Stop-Lox-eGFP reporter
was targeted to the ColA1 locus of murine ESCs 2. Intracellular CRE-recombinase excises the
Stop cassette thereby inducing eGFP expression.

(B) FACS plots of mESCs transduced with 5uM of recombinant CRE protein (right panel)
compare to untransduced cells (left panel) using the Okada’s method. The percentage
successfully transduced GFP-positive cells is indicated.

Figure 2: Protein transduction independent of transduction peptide domain.

(A) Schematic representation of recombinant proteins. Domains in the recombinant proteins
are indicated: H6: 6xHistidine purification tag; LFn: N-terminal transduction domain of
Anthrax LF protein; SUMO-1: Sumo cleavage domain; Oct4: murine Oct4 (Pou5f1) protein;
VP16: VP16 transactivation domain.

(B) Schematic representation of the luciferase reporter constructs used in this study. Top: Oct4-
reporter containing 6 tandem repeats of the Oct4 DNA recognition sequence. Middle:
Control construct lacking Oct4 binding sequence; Bottom: Control construct to monitor
transfection efficiency, expressing Renilla-Luciferase.

(C) Schematic depiction of the timeline of the protein transduction assay.

(D)COS7 cells were transfected with 6xOCT4-TK-Luc reporter followed by protein
transduction. Specificity controls were cells transfected with TK-Luc reporter (black bars)
or 6x0ct4-TK-Luc (grey bars) in combination with empty or OCT4 expressing lentivirus.
Firefly luciferase activity was normalized with a co-transfected Renilla luciferase construct.
PA; Protective Antigen, the co-factor required for LFn-mediated transduction.

(E) Schematic representation of the 0CT4 recombinant proteins used in this study.

(F) COS7 cells were transfected with 6xOCT4-TK-Luc reporter and 12hs later transduced with
indicated OCT4 proteins at increasing concentration as indicated in the figure. Firefly
luciferase activity was normalized by co-transfecting Renilla luciferase construct as in (D).
As a control, cells were transduced with empty and OCT4 expressing lentivirus (“EV” and
“OCT-4”, respectively).

(G) COS7 cells were transfected with OCT4-TK-Luc reporter and transduced with OCT4-VP16
protein (black bar “+”) or without protein (white bar “+”).Bars A-G represent cells
transduced with OCT4-VP16 protein under transduction media minus one component.
Firefly luciferase activity was normalized with co-transfected Renilla luciferase construct.

(H) Structure of the non-detergent sulfobetaine 201 (NDSB-201) compound.

Figure 3: Protein transduction is dependent on time, protein concentration, salt-induced
hypertonicity and NDSB-201.
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(A) Schematic outline of the (-lactamase reporter assay. The non-fluorescent CCF2/AM crosses
the cell membrane through diffusion and becomes trapped in the cytoplasm through
intracellular esterification, which also activate the fluorescent properties of now called
CCF2. When CCF2 is exited at 409nm it emits a fluorescent signal at 520nm (green signal).
Cleavage of CCF2 by intracellular B-lactamase results in a shift in the emission wavelength
of the remaining cleavage product to 447nm (blue signal). The ratio between the green and
blue signal is a measure for the amount of (transduced) intracellular 3-lactamase.

(B) B-Lactamase reporter assay. Murine embryonic fibroblasts (MEFs) were transduced with 1
UM B-lactamase protein, 25mM NDSB-201 at an osmolality of 700 mOsm/Kg induced by
NaCl for the indicated time (solid bars). Controls cells were treated as above, but in isotonic
media (300 mOsm/Kg, open circles).

(C) B-Lactamase reporter assay on MEFs transduced with increasing concentrations of (3-
Lactamase protein (as indicated), 25mM NDSB-201 at 700 mOsm/Kg osmolality induced by
NaCl during 3hs (solid bars). Controls cells were treated as above, but in isotonic media
(300 mOsm/Kg, open circles).

(D) B-lactamase reporter assay on MEFs transduced with 1 pM of -lactamase protein, 25mM
NDSB-201 at different osmolalities (as indicated) induced by NaCl during 3hs. (red bars).
Controls cells were treated as above, but in isotonic media (300 mOsm/Kg, open circles).

(E) B-lactamase reporter assay on MEFs transduced with 1 uM of B-lactamase protein with
different concentrations of NDSB-201 (as indicated) at 700 mOsm/Kg osmolality induced
by NaCl (solid bars). Controls cells were treated as above, but in isotonic media (300
mOsm/Kg, open circles).

Figure 4: Addition of osmoprotectants to the transduction media ameliorates hypertonicity-

induced cell-cycle Inhibition.

(A) B-lactamase assay (solid bars) and cell proliferation (BrdU incorporation) assay (white
squares). MEFs were transduced with or without 1 pM B-lactamase with 25mM NDSB-201
at different osmolalities and time points (as indicated). Relative 3-lactamase activity of cells
treated without B-lactamase proteins at 300 mOsm/Kg was set at 1. For the BrdU
incorporation assay, relative Brdu incorporation values of untreated cells and mitomycin C
treated cells were set at 100% and 0%, respectively.

(B) Analysis of the effect of osmoprotectants on cell proliferation. MEFs were transduced with 1
UM B-lactamase using transduction media containing 25mM NDSB-201 at 700 mOsm/Kg
adjusted with NaCl (Control, 3rd bar from left) or transduced under same condition with
addition of indicated osmoprotectants. Untreated cells (bar #1) and mitomycin C (bar #2)
treated cells were considered as relative Brdu incorporation values of 100% and 0%,
respectively.

(C) Combined addition of Glycerol and Glycine ameliorates transduction buffer-induced cell
cycle inhibition in MEFs. MEFs were transduced with or without -lactamase as indicated
with addiction of 30mM of Glycerol and 15 mM of Glycine (+2G). Relative B-lactamase
activity of cells treated without -lactamase proteins at 300 mOsm/Kg was set at 1. For the
BrdU incorporation assay, relative Brdu incorporation values of untreated cells and
mitomycin C treated cells were set at 100% and 0%, respectively.

(D) Murine ESCs were transduced as described in (C).

(E) Repeated transduction of murine ESCs. mESC were transduced with 1 uM B-lactamase with
25mM NDSB-201 at 500 mOsm/Kg with addition of 30mM of Glycerol and 15 mM of Glycine
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for 12hs (Round1) followed by a 12-hour recovery period and a second 12hr transduction.
B-lactamase transduction and BrdU incorporation were measured after each round of
transduction as indicated. Relative B-lactamase activity of cells treated without -lactamase
proteins at 300 mOsm/Kg was set at 1. For the BrdU incorporation assay, relative BrdU
incorporation values of untreated cells and mitomycin C treated cells were set at 100% and
0%, respectively.

Figure 5: Protein transduction is mediated by macropinocytosis and enhanced by

macropinocytosis inducers and enhancers of macropinosomal escape.

(A) Analysis of the transduction activity of different hypertonic compounds. MEFs were

10

15

20

25

30

35

40

transduced for 3 hours with 1 pM B-lactamase protein at an osmolality of 700 mOsm/Kg
induced by different compounds as indicated (solid bars, transduction with NDSB, open
circles, control transduction in the absence of NDSB-201) and with addition of 30mM of
Glycerol and 15 mM of Glycine. Relative -lactamase protein uptake in isotonic media (left
bar) was set at 1.

(B) Analysis of the effect of inhibitors of different endocytic pathways. MEFs were transduced

for 3 hours with 1 pM B-lactamase protein at a NaCl adjusted osmolality of 700 mOsm/Kg in
transduction buffer containing 25mM NDSB201, 30mM of Glycerol and 15 mM of Glycine in
the presence of small molecule inhibitors of Clathrin-mediated endocytosis (Pitstop2 and
chlorpromazine),  Caveolin-mediated  endocytosis (Dynasore  and  Nystatin),
macropinocytosis (5-(N-ethyl N-isopropyl)- amiloride (EIPA), or 5-(N,N-dimethyl)
amiloride hydrochloride (DMA)) or actin polymerization (CytochalasinD and Latrunculin A)
as indicated. Relative B-lactamase protein uptake in isotonic media (left bar) was set at 1.

(C) Role of Nhel in protein transduction. MEFs were isolated from Wild-type, Nhel

heterozygous (+/-) and Nhel knock-out (-/-) embryos and transduced for 3 hours with 1
UM B-lactamase protein at a NaCl adjusted osmolality of 700 mOsm/Kg in transduction
buffer containing 25mM NDSB201, 30mM of Glycerol and 15 mM of Glycine. Relative
transduction of wild-type cells was set at 100% and (3-lactamase incorporation by wild-type
cells in isotonic media (left bar) was set at 0%.

(D) Effect of growth factors and peptide enhancers of macropinosomeal escape on protein

transduction of MEFs. MEFs were transduced for 3 hours with 1 uM B-lactamase protein at
a NaCl adjusted osmolality of 700 mOsm/Kg in transduction buffer containing 25mM
NDSB201, 30mM of Glycerol and 15 mM of Glycine in the presence of the indicated growth
factor (bars 3-10 from left) or different concentrations of the dTAT-HA2 fusogenic peptide
(bars 11-13 from left). Relative B-lactamase protein uptake in isotonic media (left bar) was
set at 1. Open circles indicate relative BrdU incorporation by the transduced cells. BrdU
incorporation of untransduced cells was set at 100% and BrdU incorporation of mitomycin
C-treated cells was set at 0%.

(E) Effect of growth factors and peptide enhancers of macropinosomeal escape on protein

transduction of murine ESCs. MEFs were transduced for 12 hours with 1 uM B-lactamase
protein at a NaCl adjusted osmolality of 500 mOsm/Kg in transduction buffer containing
25mM NDSB201, 30mM of Glycerol and 15 mM of Glycine in the presence of the indicated
growth factor (bars 3-8 from left) or different concentrations of the dTAT-HA2 fusogenic
peptide (bars 9-11 from left). Relative B-lactamase protein uptake in isotonic media (left
bar) was set at 1. Open circles indicate relative BrdU incorporation by the transduced cells.
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BrdU incorporation of untransduced cells was set at 100% and BrdU incorporation of
mitomycin C-treated cells was set at 0%.

Figure 6: Structure-Activity relationship of protein transduction compounds.

(A) Top panel. Chemical structures of tested transduction compounds. Bottom panel. -

lactamase and BrdU incorporation assays using the different transduction compounds.
MEFs were transduced for 3 hours with 1 pM (-lactamase protein at a NaCl adjusted
osmolality of 700 mOsm/Kg in transduction buffer containing 30mM of Glycerol and 15 mM
of Glycine and 25 mM of the indicated transduction compounds. -lactamase incorporation
of the reference compound (NDSB201, #01) was set at 100%. Open circles indicate relative
BrdU incorporation by the transduced cells. BrdU incorporation of untransduced cells was
set at 100% and BrdU incorporation of mitomycin C-treated cells was set at 0%.

(B) Top panel. First row: examples of compounds with sulfonic group. Second row: examples

of compounds with carboxy group. Third row: examples of compounds with amide group.
Forth row: examples of compounds with secondary amide group. Fifth row: examples of
compounds with tertiary amide group. Bottom row additional variants containing a
bioisostere variant and a dimer variant. Bottom panel. (-lactamase and BrdU
incorporation assays using the different transduction compounds. MEFs were transduced
for 3 hours with 1 uM -lactamase protein at a NaCl adjusted osmolality of 700 mOsm/Kg in
transduction buffer containing 30mM of Glycerol and 15 mM of Glycine and 25 mM of the
indicated transduction compounds. -lactamase incorporation of the reference compound
(NDSB201, #01) was set at 100%. Open circles indicate relative BrdU incorporation by the
transduced cells. BrdU incorporation of untransduced cells was set at 100% and BrdU
incorporation of mitomycin C-treated cells was set at 0%.

(C) Top panel. Compounds in left columns contain amine and sulfonate or carboxy group.

Central column show same compounds as in left without amine group. Right columns shows
same compounds as in left without sulfonate or carboxy group. Bottom panel. 3-lactamase
and BrdU incorporation assays using the different transduction compounds. MEFs were
transduced for 3 hours with 1 pM B-lactamase protein at a NaCl adjusted osmolality of 700
mOsm/Kg in transduction buffer containing 30mM of Glycerol and 15 mM of Glycine and 25
mM of the indicated transduction compounds. -lactamase incorporation of the reference
compound (NDSB201, #01) was set at 100%. Open circles indicate relative BrdU
incorporation by the transduced cells. BrdU incorporation of untransduced cells was set at
100% and BrdU incorporation of mitomycin C-treated cells was set at 0%.

(D) Top panel. Analysis of the role of the carbon-chain length. Indicated are examples of two

transduction compounds (#11 and #20, grey shaded area) and carbon-chain length
variations of these. Bottom panel. 3-lactamase and BrdU incorporation assays using the
transduction compounds indicated in the top panel. MEFs were transduced for 3 hours with
1 uM B-lactamase protein at a NaCl adjusted osmolality of 700 mOsm/Kg in transduction
buffer containing 30mM of Glycerol and 15 mM of Glycine and 25 mM of the indicated
transduction compounds. -lactamase incorporation of the reference compound (NDSB201,
#01) was set at 100%. Open circles indicate relative BrdU incorporation by the transduced
cells. BrdU incorporation of untransduced cells was set at 100% and BrdU incorporation of
mitomycin C-treated cells was set at 0%.

(E) Transduction activity and BrdU incorporation of 45 different transduction compounds upon

B-lactamase protein transduction in MEFs. MEFs were transduced for 3 hours with 1 uM -

lactamase protein at a NaCl adjusted osmolality of 700 mOsm/Kg in transduction buffer
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containing 30mM of Glycerol and 15 mM of Glycine and 25 mM of the indicated
transduction compounds. $-lactamase incorporation of the reference compound (NDSB201,
#01) was set at 100%. Open circles indicate relative BrdU incorporation by the transduced
cells. BrdU incorporation of untransduced cells was set at 100% and BrdU incorporation of
mitomycin C-treated cells was set at 0%.

(F) Effect of combining different transduction compounds on total protein transduction
activity. MEFs were transduced for 3 hours with 1 puM B-lactamase protein at a NaCl
adjusted osmolality of 700 mOsm/Kg in transduction buffer containing 30mM of Glycerol
and 15 mM of Glycine and equimolar quantities of the indicated transduction compounds
such that the final concentration of transduction compound in the buffer was 25mM. -
lactamase incorporation of the reference compound (NDSB201, #01) was set at 100%.
Open circles indicate relative BrdU incorporation by the transduced -cells. BrdU
incorporation of untransduced cells was set at 100% and BrdU incorporation of mitomycin
C-treated cells was set at 0%.

(G) Evaluation of GABA receptor agonists on protein transduction. MEFs were transduced for 3
hours with 1 pM [-lactamase protein at a NaCl adjusted osmolality of 700 mOsm/Kg in
transduction buffer containing 30mM of Glycerol and 15 mM of Glycine and 25 mM
NDSB201 plus the indicated GABA agonists. -lactamase incorporation of the reference
compound (NDSB201, #01) was set at 100%. Open circles indicate relative BrdU
incorporation by the transduced cells. BrdU incorporation of untransduced cells was set at
100% and BrdU incorporation of mitomycin C-treated cells was set at 0%.

Table 1:

List of transduction compounds their protein transduction activity and effect on cell proliferation in
transduction buffer. First column: transduction compound number; Second column: chemical
structure of the transduction compound. Third column: Relative (-lactamase protein transduction
activity; Fourth column: Relative BrdU incorporation 24 hrs after -lactamase transduction. MEFs
were transduced for 3 hours with 1 uM B-lactamase protein at a NaCl adjusted osmolality of 700
mOsm/Kg in transduction buffer containing 30mM of Glycerol and 15 mM of Glycine and 25 mM of
the indicated transduction compounds. 3-lactamase incorporation of the reference compound
(NDSB201, #01) was set at 100%. Open circles indicate relative BrdU incorporation by the
transduced cells. BrdU incorporation of untransduced cells was set at 100% and BrdU

incorporation of mitomycin C-treated cells was set at 0%.
Figure 7: Cre protein transduction in mES cells.

(A) Schematic representation of Cre recombinase reporter. A CMV-Lox-Stop-Lox-eGFP reporter
was targeted to the ColA1 locus of murine ESCs 2. Intracellular CRE-recombinase excises the
Stop cassette thereby inducing eGFP expression.

(B) FACS density plots showing on top mES cells transduced with CRE at different
concentrations and with multiple rounds of transductions. Lower panel, shows mES cells
transduced with 5uM of CRE protein with different concentrations of fusogenic peptides.
Signal from the CFP channel was used as a control for autofluorescence.

(C) Microscopy images of samples of with two rounds of CRE transductions as described in (B).
Dashed line indicates the border of each colony.
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(D) Cell proliferation curves of samples shown in (C). Top & bottom graph. After 2 days,
transduced (white circle) or untransduced (grey bars) cells were counted every day to
make cell proliferation curves.

(E) gqRT-PCR analysis of pluripotent genes expression of untransduced and transduced mES
cells of samples shown in (C). GAPDH was used as loading control.

(F) To test the pluripotency of the transduced mESCs, double-transduced GFP+ ESCs from the
experiment in 7B were injected into host blastocyst embryos and transplanted into
pseudopregnant foster mice. As shown in Figure 7F, double-transduced mESCs efficiently
contributed to chimera formation, both in the transduction without (7F, upper panel) and
with Tat-HA2 fusion peptide (Figure 7F, lower panel).

Figure 8: CRE protein transduction in Human induced pluripotent stem cells (iPSCs).

(A) Schematic depiction of the CRE recombinase reporter. EFla-Lox-dsRED-Stop-Lox-
EGFP/ires-PuroR construct was introduced in human iPSCs via lentiviral infection and
subsequent puromycin selection. Obtained cells contain multiple copies of the lentiviral
reporter construct. Untransduced cells express Red fluorescent protein. CRE-mediated
excision of the LoxP-flanked dsRED-STOP cassette abrogates dsRed expression and induces
the expression of EGFP reporter protein.

(B) Top panel. FACS density plots of Cre transduced human iPSCs. The x-axis shows the GFP
signal and y-axis shows dsRED signal. Human iPSCs were transduced with CRE protein or
with CRE protein plus Fusogenic peptides as indicated. Right panels show multiple rounds
of transduction. The control was cells incubated with transduction media in the absence of
CRE protein. Bottom panel. Shows histograms of top density plot panels. Also, it is shown
quantification of GFP positive cells over total cell population.

(C) Representative fluorescence and phase contrast images of human iPSCs transduced as in
(B). Top row and medium row indicate RED and GREEN fluorescence channel, respectively.
Lower row show phase contrast channel.

Figure 9: Cre protein transduction in different neural cell types

(A) Schematic depiction of the CRE recombinase reporter. EFla-Lox-dsRED-Stop-Lox-
EGFP/ires-PuroR construct was introduced into neural progenitor cells and human iPSCs
and their derived neural derivatives as indicated via lentiviral infection and subsequent
puromycin selection. Obtained cells contain multiple copies of the lentiviral reporter
construct. Untransduced cells express Red fluorescent protein. CRE-mediated excision of
the LoxP-flanked dsRED-STOP cassette abrogates dsRed expression and induces the
expression of EGFP reporter protein.

(B) Representative fluorescent images of different cell types transduced with CRE protein or
left untransduced.

Figure 10: Schematic representation of multi-well setup to optimize transduction time and
media tonicity

Figure 11: Transduction buffer enhances DNA-Lipid transfection in mES cells.
Flow cytometry analysis of the incorporation of a plasmid DNA expression vector into
murine embryonic stem cells. Red fluorescent protein (RFP) is expressed from the
expression vector after successful incorporation. Certain murine embryonic stem cell lines
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are resilient to standard plasmid transfection with cationic lipids. Left panel: mESCs
transfected with the RFP expression plasmid using Lipofectamine LTX (Life technologies)
according to the manufacturer’s protocol. Cells were analyzed for RFP expression using flow
cytometry. Right panel: Addition of transduction buffer to the plasmid DNA/ Lipofectamine
LTX transfection mix results in efficient transfection of reporter DNA into the murine ESCs.
Y axis displays red channel fluorescence and x axis displays green channel fluorescence.

12: Dual incorporation of DNA and Protein using transduction buffer.

Flow cytometry analysis of the incorporation of a plasmid DNA expression vector into
murine embryonic stem cells. Red fluorescent protein (RFP) is expressed from the
expression vector after successful incorporation. In addition, transduction of Cre
recombinase protein into the Lox-Stop-Lox-GFP reporter murine ES cells resulots in
activation of the GFP reporter gene. From left to right (as indicated above the FACS panels):
Control mES Lox-Stop-Lox-GFP cells under transduction buffer incubated for 12 hrs without
Cre recombinase protein or RFP reporter plasmid DNA; 5uM Cre recombinase protein;
plasmid DNA containing a Red Fluorescent Protein (RFP) reporter gene; and 5uM CRE
protein together with RFP-DNA/Lipid complexes. Y axis displays red channel fluorescence
and x axis displays green channel fluorescence.

13: Transduction buffer enhances viral incorporation in human iPS cells.

Human iPS cells were transduced with lentiviral particles expressing expressing red
fluorescent protein (RFP).

FACS panels demonstrate untreated (control) human iPS cells (left panel); cells transduced
for 12 hrs with lentiviral particles expressing red fluorescent protein (RFP) (middle panel);
and cells transduced for 12 hrs with lentiviral particles expressing RFP in the presence of 1x
transduction buffer (Buffer 12/500, right panel). Y axis displays red channel fluorescence
and x axis displays green channel fluoresce.

14: HPRT gene disruption mediated by TALEN proteins in human iPS cells.

Male human iPS cells were transduced with a TALEN protein pair targeting the HPRT gene
on the X chromosome. The wild-type (WT) sequence is displayed at the top with the target
TALEN half-sites underlined. Upon TALEN transduction, 6TG-resistant iPSC clones were
isolated and analysed for deletions at the TALEN target site. Deletions are indicated by blue
dashes. The size of deletions (D) are indicated to the left of each mutated site. Mutation
frequencies are calculated as the number of mutants identified, divided by the total number
of sequence analyzed.

15: Co-transduction of polysaccharide Dextran and protein.

A: To assess if the transduction buffer would permit the simultaneous transduction of
proteins and large molecules, we analyzed macropinocytosis mediated uptake of TMR-
dextran (red) and fluorescently labeled BSA protein (cyan) by GFP-expressing murine
embryonic fibroblasts (MEFs).

B: The macropinocytosis inhibitor, EIPA (Ethylisopropylamiloride), inhibits uptake of TMR-
dextran or BSA protein. Nuclei were stained with Hoescht 33342 (blue).
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Figure 16: NDSB-201 and GABA moleculesinduces macropinocome vesicle leakage.

(A) Left Panel. Schematic representation of the GAL3-GFP reporter assay. Upon initiation of
transduction, extracellularly applied protein is taken up into macropinosomes (grey vesicles).
Intracellular disruption of the macropinosome membrane releases the macropinosome content
into the cytoplasm. At the same time, the compromised macropinosome membrane now allows
entry of cytosolic GAL3-GFP protein, which binds to- and accumulates at the intra-
macropinosome carbohydrates resulting in a bright fluorescent signal (white vesicles). Right
Panel. GAL3-GFP cells were incubated with transduction media at 700 mOsmol/Kg with or
without the macropinocytosis inhibitor EIPA. Untreated cells were included as negative control.
Note that under transducing conditions (middle panel), GAL3-GFP accumulates in the
compromised macropinosomes.

(B) Measurement of protein transduction activity, macropinocytosis and macropinosome vesicle
release of NDSB-201 and examples of derivative compounds. Cells were incubated with
transduction buffer at 700mOsmol/Kg with different transduction compounds or left untreated,
as indicated. Left panel. Relative [3-Lactamase protein incorporation in MEF cells. Signal form
untreated cells were set at 1. Medium panel. Macropinocytosis level was measure by
TMRdextran incorporation in cells treated as before. Macropinocytosis level were determined
by measuring total area of dextran positive vesicles per cell. Right panel. Gal3-GFP MEF cells
were treated as before. Vesicle Leakage levels were determined by measuring total area of
Gal3-GFP positive vesicles per cell.

Figure 17: Endogenous gene knockdown induced by siRNA transduction in human cells.

KBM7 and MCF7 cells were transduced with 25uM of P and Scrambled siRNAs or left
untreated. After 3 days of transduction GAPDH protevels were determined by Western blot.
Tubulin protein level is shown as loading control.

Figure 18. Gene editing using simultaneous transduction of recombinant Cas9 protein and
short guide RNA (sgRNA).

(A) Solubility test of recombinant Cas9 protein at different concentration of NaCl and NDSB-201
(Compound #01) or GABA (compound #20). Protein aggregation was determined by semi-
quantitative turbidimetric assay. Cristal clear solutions (no cas9 protein aggregation) are
represented with white squares. Turbid solutions caused by Cas9 aggregates are depicted with
grey squares.

(B) BrdU incorporation rate was determined in KBM7 cells incubated with osmocytosis buffer with
NDSB-201 or GABA at different time points. Untreated cells were considering as 100% of BrdU
incorporation.

(C) Top panel. Schematic depiction of the CRE recombinase reporter. EF1a-Lox-dsRED-Stop-Lox-
EGFP/ires-PuroR construct was introduced in KBM7 cells via lentiviral infection and subsequent
puromycin selection. Obtained cells contain multiple copies of the lentiviral reporter construct.
Untransduced cells express Red fluorescent protein. CRE-mediated excision of the LoxP-flanked
dsRED-STOP cassette abrogates dsRed expression and induces the expression of EGFP reporter
protein. Bottom panel. KBM7 cells transduced with CRE protein with osmocytosis media at 1250
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mOsmol/Kg with 250mM GABA (compound #20) during 60 minutes. Upper panels represent
fluorescent pictures in green and red channel. Bottom panels represent FACS plots showing in x
axes green fluorescence and in y axes red fluorescence or frequency of events. Percentages of
events are depicted in the corresponding area.

(D) Top panel. Schematic representation of the in-vitro transcribed small guide RNAs containing

(E)

(F)

20nts of guide sequence and 80nts of scaffold sequence. Bottom panel. Protein gel of
recombinant purified CAS9 protein.

Schematic representation of the CRISPR-CAS9 reporter system. KBM7 cells were transduced
with a lentiviral vector containing the CRISPR-CAS target sequence followed by an out-of-frame
sequence of dTomato gene. CRISPR-CAS9 induced DNA double strand break in the target
sequence followed by non-homologous-end-joining (NHEJ) repair, induces DNA deletions and/or
insertions, which restore the dTomato reading frame and induce cellular fluorescence.
CRISPR-CAS9 reporter KBM7 cells were transduced with CAS9 protein and on-target sgRNA or
left untreated. Specificity controls were performed by transducing cells with CAS9 protein and
Off-target sgRNAs. The percentage of dTomato-positive cells was determined by flow-cytometry
analysis. Bottom panels show phase contrast and fluorescent images for indicated conditions.

Figure 19: Endogenous gene disruption induced by CRISPR-CAS9 transduction.
(A) Scheme of WDR85 gene and binding sites of 5 different sgRNAs.

(B)

(€)

Schematic depiction of of CAS9-sgRNA transduction and diphtheria toxin selection. KBM7 cells
were transduced twice with CAS9-sgRNAs. After 7 days of last round of transduction cells were
incubated with diphtheria toxin protein components (PA; protective antigen and LFn-DTA;
Lethal factor n-terminal domain fused to diphtheria toxin). Bar graph shows viable cell number
after 2 days of diphtheria toxin selection.

DNA sequences of CRISPR-CAS9-induced mutations at endogenous WDR85 gene in KBM7 cells.
The wild-type (WT) sequence is shown at the top. Start codon is indicated with underlined ATG.
Deletions are indicated by dashes and insertions with underlines text. The sizes of the insertions
(+) or deletions (D) are indicated to the right of each mutated site. The number of the times that
each mutant was isolated is shown in parenthesis. Note that for several of the target sequences,
we also identified larger deletions and/or insertions that extend beyond the sequences of
CRISPR/CASO target site.

(D) Top Panel. Schematic representation to quantify biallelic gene knockout by CAS9-sgRNA

transduction. KBM7 cells were transduced twice with CAS9-sgRNAs. After 3 days cells were
isolated by single-cell deposition into 384-well plates using a flow cytometer. 7 days later
growing clones were counted and treated with diphtheria toxin. After 2 days diphtheria toxin
surviving clones were counted. WDR85 Knockout efficiency was calculated as the percentage of
diphtheria toxin surviving clones respective to total single cell clones obtained originally.
Bottom panel. DNA sequences of diphtheria toxin surviving clones. Al = allele 1 and A2 =
Allele2. The sizes of the insertions (+) or deletions (D) are indicated to the right of each mutated
site. The number of the times that each mutant was isolated is shown in parenthesis. Note that
for several of the target sequences, we also identified larger deletions and/or insertions that
extend beyond the sequences of CRISPR/CAS9 target site.
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EXAMPLE 1

The ability to introduce small- or macromolecules into cells finds important applications in
research and medicine. Unfortunately, the cell membrane presents a major obstacle for the
introduction of many biologically active molecules. Significant effort has capitalized on the
introduction of nucleotides (DNA, RNA, siRNA) and/or therapeutic molecules into cells, and while
primary cells still pose a challenge, progress has been made using cationic lipids, nanoparticles or
viral vectors as transmembrane carriers. In comparison, the development of new technologies for
the intracellular delivery of proteins has been at a virtual standstill. Nonetheless, the ability to
introduce proteins into cells would have many applications in vaccine development, genome
editing, epigenetic reprogramming, (stem) cell differentiation and the manipulation of intracellular
processes. The development of better technologies for the efficient intracellular delivery of proteins
and other macromolecules, particularly in primary cells, is therefore much needed. Here we
describe that a combination of salt-induced hypertonicity, a small molecule compound and
osmoprotectants drives the robust and efficient introduction of small- and macromolecules into
primary cells, without affecting cell viability. We provide examples of how protein, nucleotides,
nanospheres and macromolecules can be introduced in a wide variety of primary cells, stem cell

lines and their derivatives.

While the ability to introduce proteins into cells has many applications in research and medicine, a
reliable, non-toxic and efficient method to do so is still lacking. In 1982, Okada and Rechsteiner
demonstrated that hypertonic treatment induced by 0.5M Sucrose and 10% PEG1000 followed by a
brief hypotonic treatment induced the intracellular uptake of macromolecules and proteins into
immortalized cell lines!. Unfortunately, this technique proved limited to immortalized cell lines, and
yields poor protein transduction efficiencies in primary cells. We tested the transduction of CRE
recombinase protein into murine embryonic stem cells (mESCs) using the Okada method. We used
a transgenic mESC line in which a CRE-recombinase inducible reporter was stably integrated in the
ColA1 locus 2. This reporter encompasses a CMV promoter followed by a LoxP- flanked Stop-casette
and an eGFP reporter gene (Figure 1A). eGFP expression is induced upon successful CRE-
recombinase mediated excision of the Stop cassette (Figure 1A). As shown by flow cytometry,
transduction of mESCs with 5uM CRE-recombinase protein yielded 6% GFP-positive mESCs,
indicating that the combined hypertonic/hypotonic transduction method described by Okada and

colleagues is inefficient in transducing primary (stem) cells (Figure 1B).

A few years later, independent discoveries from Green 3 and Frankel 45 for the first time
demonstrated that the HIV TAT protein can transduce itself across the cell membrane. The peptide
sequence mediating this self-transduction was subsequently identified and shown to drive cell
transduction when chemically fused to heterologous proteins 6. Finally, Nagahara and colleagues
demonstrated that TAT-peptide mediated protein transduction also worked when the TAT peptide

was cloned as an in-frame fusion to the ‘cargo’ protein of interest 7.
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A clear advantage of TAT-peptide mediated protein transduction is that the method appears to
work with all cell types, including primary cells, and is generally non-toxic. However, the strong
positive charge of the TAT peptide severely hampers the production of native recombinant TAT-
fusion proteins in E. Coli, with much of the recombinant protein ending up in inclusion bodies. In
addition, subsequent research demonstrated that some earlier reports on self-transducing proteins
were in fact the result of experimental artifact introduced during fixation of the cells 8. In addition,
this technology requires the TAT peptide to be fused to the recombinant protein and therefore
limits the type and number of proteins that can be transduced. The TAT peptide itself can disrupt
the function or localization of the recombinant protein leading to unexpected or unwanted results.
Finally, and perhaps most importantly, the transduction efficiency of TAT-fusion proteins is quite

variable and dependent on the nature and physical properties of the protein cargo.
A protein transduction reagent

We sought to develop a more reliable and efficient method for protein transduction. Since bacterial
toxins are often proteins that are transduced at very high efficiency, we hypothesized that (parts of)
such toxin systems could act as a transportation system for the delivery of recombinant proteins.
To test this idea, we analyzed whether the transcriptional regulator OCT4 (POU5F1) could be
transduced into cells when fused to the N-terminal domain of the Anthrax Lethal Factor (LFn). To
this end we generated a recombinant fusion protein consisting of a His-purification tag, LFn-
transduction domain, a SUMO cleavage site, human OCT4 and a VP16 transactivation domain
(Figure 2A). The latter was added to further boost the transcriptional activity of the recombinant
factor. In addition, we generated control constructs lacking the LFn transduction domain or the LFn
transduction domain and the SUMO-cleavage domain (Figure 2A). COS7 reporter cells were
generated by transfecting COS7 cells with a reporter construct containing 6 repeats of the oct4
target sequence followed by a minimal TK promoter and the Firefly luciferase gene (Figure 2B). As
a control, we transduced COS7 cells with a Luciferase reporter vector without the Oct4 binding sites
(Figure 2B). To control for variations in transfection efficiency, we co-transfected the COS7 cells
with a ubiquitously expressed Renilla-Luciferase vector (Figure 2B). A timeline of the transduction
is shown in Figure 2C. Transduction of COS7 cells with recombinant LFn-OCT4-SUMO1-VP16
protein resulted in activation of the luciferase reporter activity (Figure 2D). Unexpectedly however,
the control transduction of the control protein lacking the LFn transduction domain demonstrated
similar, if not slightly better transduction efficiency (Figure 2D). In addition, the control protein
lacking the LFn transduction domain and the SUMO cleavage domain demonstrated efficient
transduction into the COS7 cells, comparable to the control infection of the cells with a lentiviral

vector expressing Oct4 (Figure 2D).

As mentioned above, short peptide sequences are able to mediate the transduction of recombinant
proteins across the cell membrane. Since we added a 6x Histidine (6xHis) tag to the recombinant

Oct4 protein to facilitate protein purification, we assessed whether Oct4 protein transduction was
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mediated by this peptide tag. To this end, we made several recombinant proteins indicated in
Figure 2E, either containing a His-purification tag (H6) and an R11 transduction peptide 9, or His-
tag only, or no peptide tag (Figure 2E). We tested the ability of these recombinant proteins to
activate the Oct4-reporter. As shown in Figure 2F, H6-Oct4-VP16-R11, H6-Oct4-VP16 and Oct4-
VP16 displayed similar reporter activation, demonstrating that the 6xHis purification tag was
neither required for, nor enhanced or inhibited protein transduction (Figure 2F, blue and red bars).
As a negative control we infected the reporter cells with a control lentiviral expression vector
(figure 2F, white bar). As a positive control, we infected the reporter cells with a lentiviral Oct4

expression vector (Figure 2F, black bar).

Above results suggested that the recombinant Oct4 proteins transduced in the absence of
transduction peptide sequences and prompted us to test if one or more components added to the
culture system were responsible for the observed protein transduction. By omitting individual
components of the buffer containing the recombinant protein (Indicated in the legend of Figure
2G), we identified NaCl hyperosmolarity and Non-detergent sulfobetaine 201 (NDSB 201) as
important factors in the protein transduction process (Figure 2G and 2H) Omission of either factor

abrogated Oct4-reporter activation by recombinant Oct4-VP16 protein.
The effect of time, osmolality, transduction compound concentration, protein concentration.

To further characterize the protein transduction process we analyzed the effect of time, osmolality,
transduction compound concentration and protein concentration on the transduction process. To
this end, we set up a -Lactamase protein transduction assay and measured intracellular B-
Lactamase activity using CCF2-AM, an intracellular fluorescent -Lactamase substrate that changes
emission wavelength when cleaved by the enzyme (Figure 3A). Hence, the change in emission
fluorescence is a quantitative measure for intracellular B-Lactamase activity. While we used the
immortalized COS7 cell line in our initial studies, we wanted to know if the compound-mediated
protein transduction would also allow the transduction of protein into primary cells. We therefore
transduced murine embryonic fibroblasts (MEFs) with -Lactamase (1uM final concentration),
using NaCl-adjusted hypertonic media (700 mOsm/Kg) and 25mM NDSB201. B-Lactamase activity
was set at 1 at the start of the experiment and relative intracellular B-Lactamase activity was
measured as a function of time (Figure 3B, bars). As a control, (-Lactamase transduction was
measured in isotonic media in the presence of 25 mM NSDB201 (Figure 3B, open circles). As shown
in Figure 3B, under these conditions intracellular 3-Lactamase activity could be observed 2.5 hours
after the initiation of protein transduction. Longer transduction times resulted in an increase in

intracellular B-Lactamase activity (Figure 3B).

To assure that the observed B-Lactamase activity was a result of the transduced protein, we

performed a dose-response test and measured (-Lactamase activity as a function of (3-Lactamase

concentration either in transduction media (25 mM NDSB201 and 700mOsm/Kg) or isotonic media

with addition of 25mM NDSB201. MEFs were transduced with 3-Lactamase protein for 3 hours and
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intracellular B-Lactamase activity was measured as described. As shown in Figure 3C, in
transduction media, B-Lactamase protein was efficiently transduced in a concentration-dependent
manner. In contrast, no intracellular -Lactamase activity was observed when [-Lactamase protein

was added in isotonic media.

These results demonstrate the accuracy of the [(-Lactamase assay and demonstrate that f3-

Lactamase protein is transduced into cells in a protein concentration-dependent manner.

Next we measured the effect of media tonicity on the transduction process. As above, MEFs were
transduced for 3 hours with 1uM B-Lactamase in MEF media containing 25 mM NDSB201 and
increasing media tonicity, adjusted with NaCl (Figure 3D). As a control, we measured substrate
cleavage as a function of media osmolality in the absence of transduced (-Lactamase protein
(Figure 3D, open circles) to verify that the media tonicity did not in itself affect the B-Lactamase
activity assay. As shown, increased NaCl concentration resulted in increased (-Lactamase
transduction with maximal transduction at approximately 700-800 mOsm/Kg. At osmolalities

beyond 850 mOsm/Kg we observed cell loss, presumably due to toxicity of the high media tonicity.

Finally we explored the effect of the concentration of the transduction compound, NDSB201, on the
B-Lactamase transduction. Again, MEFs were transduced with [-Lactamase (1pM final
concentration) for 3 hours in hypertonic MEF media adjusted to 700 mOsm/kg with NaCl and at
varying NDSB201 concentrations (Figure 3E). As a control, B-Lactamase transduction was
measured as a function of varying NDSB201 concentration in in isotonic media (Figure 3E, open
circles) Increased NSDB201 concentration resulted in a transient increase in [-Lactamase
transduction peaking at 10-25 mM NSDB201 (Figure 3E). Under hyperosmotic conditions, higher

NSDB201 concentrations resulted in cell loss.

Above results demonstrate that protein transduction is dependent on protein concentration,

transduction time, NDSB201 concentration and NaCl adjusted media tonicity.
Addition of osmoprotectants ameliorates hypertonic stress

We noticed that while the combination of NaCl-induced hyperosmolarity and NDSB201 allowed
efficient transduction of protein, it also appeared to affect cell proliferation and cell survival, and
high media tonicity and/or high NSDB201 concentration appeared to have a detrimental effect on
the cells. Hyperosmotic stress has been shown to induce cell cycle arrest and apoptosis in
mammalian cells 19-13, To explore whether the hyperosmotic conditions during the transduction
affected cell proliferation, we measured BrdU incorporation in MEFs upon protein transduction
either for 3 hours at 700 mOsm/Kg or for 12 hours at 500 mOsm/Kg (Figure 4A). BrdU
incorporation was measured 24 hours after the start of protein transduction. BrdU incorporation of
MEFs maintained in isotonic conditions was set at 100% and dropped below 40% upon addition of

the protein transduction buffer alone, or protein transduction buffer + B-Lactamase (Figure 4A).
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These results demonstrate that, as suspected, the transduction conditions negatively impacted cell

proliferation, independent of the transduced protein.

Osmoprotectants are compounds that help cells cope with osmotic stress by accumulating in the
cytosol, thereby balancing the osmotic difference between the intra- and extracellular environment.
We tested whether the addition of osmoprotectants (indicated in Figure 4B) to the media would
prevent the cell cycle arrest during protein transduction. As before, we measured BrdU
incorporation 24 hours after the start of the transduction. 3-Lactamase protein was transduced for
3 hours in MEF media adjusted with NaCl to 700mOsm/Kg and with 25 mM NDSB201 with addition
of osmoprotectants, alone or in combination as indicated in Figure 4B. As shown, the addition of
osmoprotectants during protein transduction ameliorated the cell cycle arrest induced by the
transduction media. The combination of Glycerol and Glycine appeared most effective at
ameliorating the cell proliferation block in MEFs and was affective both during a 3 hour
transduction at 700 mOsm/Kg as well as during a 12 hour transduction at 500 mOsm/Kg (Figure
4C). Next we tested whether osmoprotectants could also prevent cell cycle block during the
transduction of other cell types. To this effect, we transduced murine ESCs either for 3 hours at 700
mOsm/Kg or for 12 hours at 500 mOsm/Kg. While the osmoprotectant combination of Glycerol and
Glycine was ineffective at preventing the reduction in cell proliferation in mESC at 700 mOsm/Kg, it
enabled continued cell proliferation during the 12 hour transduction at 500 mOsm/Kg (Figure 4D).
Finally we tested whether the addition of osmoprotectants would allow multiple sequential rounds
of protein transduction whilst preventing cell cycle arrest. We performed multiple rounds of
transduction of mESCs for 12 hours at 500 mOsm/Kg with an intermediate 12 hours recovery
period. As shown in figure 4E, in the presence of osmoprotectants, multiple rounds of transduction

were well tolerated by the mESCs, without significant negative impact on cell proliferation.
Protein transduction requires active cellular uptake via macropinocytosis

To further dissect the mechanism by which media hypertonicity induces protein transduction, we
explored whether the effect was specific to the NaCl used to increase media osmolarity. MEFs were
transduced with B-Lactamase for 3 hours in the presence of NDSB201 (25 mM) and
osmoprotectants and media tonicity was adjusted to 700 mOsm/Kg using NaCl, or related salts
according to the periodic table of elements, including LiCl, KCl, CsCl and RbClL. As shown in Figure
5A, all Na-related salts had protein transducing activity, with Na and Rb demonstrating the highest
activity. In addition, we tested whether other Na-salts could induce protein uptake. As shown in
figure 54, Sodium Gluconate effectively mediated (3-Lactamase transduction with efficiency similar
to NaCl and RbCl. Finally, we tested whether increasing media tonicity using unrelated compounds
would also trigger protein transduction. As shown in Figure 54, Sucrose, Lactulose, Sorbitol and
Manitol all failed to induce protein transduction at 700 mOsm/Kg, suggesting that protein

transduction is specifically dependent on hypertonicity induced by sodium or sodium-related salts.
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Since the conditions that trigger protein transduction require that hypertonicity is specifically
induced by Na+ and related ions, it seemed unlikely that the transduction occurred simply through
enhanced permeabilization of the plasma membrane. We hypothesized that protein transduction
involved an active mode of endocytic transport and used specific inhibitors of different types of
endocytosis to explore the mechanism of entry that was exploited by our protein transduction
buffer. As anticipated, treatment of cells with Cytochalasin D or Latrunculin A, specific inhibitors of
actin polymerization and vesicle transport, completely blocked protein transduction (Figure 5B),
confirming that protein transduction requires Actin remodeling. However, specific inhibitors of
endocytosis, including Pitstop2 and Chlorpromazine (inhibitors of Clathrin-mediated endocytosis),
and Dynasore and Nystatin (inhibitors of Caveolin-mediated endocytosis) were all ineffective in
inhibiting protein transduction (Figure 5B). These data suggest that protein transduction does not
occur through classical clathrin-mediated or caveolin-mediated endocytic pathways. In contrast to
other types of endocytosis, macropinocytosis is uniquely susceptible to inhibitors of Na+/H+
exchange. Interestingly protein transduction was strongly inhibited by specific inhibitors of
Na+/H+ exchange such as EIPA or DMA, specific inhibitors of a family of Sodium-hydrogen
Antiporter (Nhe) proteins (Figure 5B). These data suggest that the protein transduction process

involves active cellular uptake of exogenously applied through macropinocytosis.

The Sodium-hydrogen Antiporter-1 (Nhel) is a ubiquitously expressed Na+/H+ exchange factor
that functions to regulate cell volume and intracellular pH in vertebrate cells. It is activated in
response to osmotic stress, leading to extrusion of intracellular H+ ions in exchange for
extracellular Na+. Although this exchange in itself is osmotically neutral, extruded H+ is replaced
from intracellular buffers resulting in a net increase in intracellular osmolarity and increase in cell
volume by osmosis. In addition, Nhel activation induces macropinocytosis-mediated active fluid
uptake from the extracellular space. While the exact molecular link between Nhel activation and
macropinocytosis is still unclear, experimental evidence suggests that local modulation of
intracellular pH by Nhel in the vicinity of the plasma membrane is required for actin
polymerization and macropinosome formation 4. The role of Nhel in coping with osmotic stress
and regulation of macropinocytosis, it’s specific role in the transport of Na+ and related ions, and
the fact that protein transduction is inhibited by inhibitors od Na+/H+ exchange, made this
transporter an interesting candidate as a mediator of NaCl-induced protein transduction. To further
confirm that the effect of EIPA and DMA was due to the inhibition of Nhel, we compared the
transduction of MEFs from Nhel knockout embryos with Nhel heterozygous and wild-type MEFs.
As shown in Figure 5C, protein transduction was almost completely abrogated in Nhel null
fibroblasts. Fibroblasts from Nhel+/- heterozygous embryos displayed reduced protein
transduction activity compared to wild-type littermates (Figure 5C). These results demonstrate
that Nhel is an important mediator of protein transduction, but a residual protein transduction
activity remains in the absence of Nhel expression. Nhel is a member of Solute Carrier Family of

antiporters, and it is likely that a residual antiporter is responsible for the residual protein
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transduction activity. This is further supported by our finding that EIPA, a specific inhibitor of NHE

antiporters completely inhibits protein transduction.
Activators of Nhel enhance protein transduction

Our finding that Nhel is an important mediator of protein transduction prompted us to explore
whether activators of Nhel can enhance the protein transduction process. Several growth factors
gave been shown to induce macropinocytosis by activating Nhel and enhance Na+/H+ exchange 15-
19, We explored the effect of epidermal growth factor (EGF), Fibroblast growth factor (FGF),
Platelet-derived growth factor (PDGF), Insulin, Insulin-like growth factor (IGF) and combinations of
these factors on protein transduction. As shown in Figure 5D, Insulin and IGF had a small, but
significant stimulatory effect on protein transduction of MEFs. In addition, EGF, FGF and PDGF
resulted in a doubling of B-lactamase uptake. Finally, Combinations of these factors demonstrated
an additive effect on B-lactamase transduction (Figure 5D). Inhibition of Nhe activity with EIPA
completely blocked protein transduction, even in the presence of FGF and PDGF, demonstrating
that the enhanced protein transduction induced by these growth factors was not mediated by
alternative endocytic mechanisms. A short dTAT-HA2 peptide has been shown to enhance
macropinosome escape of proteins 20. We tested if addition of the dTAT-HAZ2 peptide could further
enhance protein transduction of f3-lactamase protein into MEFs. To this end, we titrated different
concentrations of dTAT-HA2 peptide into the transduction buffer. As shown in Figure 5D, addition
of the dTAT-HAZ2 peptide had a small enhancing effect on protein transduction. Finally, we tested if
growth factor stimulation or addition of dTAT-HAZ2 peptide could enhance protein transduction of
other cells as well. We transduced murine ESCs with 1uM (-lactamase protein at 500 mOsm /Kg for
12 hours in the presence of indicated growth factors or dTAT-HA2 fusion peptide. As shown in
Figure 5E, addition of growth factors had a minor effect on mESC protein transduction, but addition
of dTAT-HA2 fusion peptide resulted in a profound increase in (-lactamase incorporation into
mESCs.

Chemical properties of the protein transduction compound

Our finding that salt-induced hypertonicity in combination with NDSB201 triggered efficient
protein transduction prompted us to explore whether other Non-detergent sulfobetaines could
trigger protein transduction as well. We tested the protein transducing activity of six commercially
available NDSBs (Chemical structures indicated in Figure 6A). Figure 6A shows the transduction of
B-Lactamase by NDSB201 (#01) as well as 5 additional NDSB compounds (#02-06) all at 25 mM
final concentration into MEFs (3 hours at 700 mOSm/Kg). Open circles indicate BrdU incorporation
measured 24 hrs after start of the protein transduction. These results demonstrated that while all
NDSB compounds facilitated protein transduction, they vary in their transduction efficiency and
effect on cell proliferation. NDSB201 (#01) and NDSB221 (#03) appeared the most efficient in f3-

Lactamase transduction and hence we explored further variations on these two compounds.
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NDSBs consist of a rather heterogeneous group of compounds that consist of a 2-6 carbon backbone
that separates a sulfonic acid terminus on one side and a tetravalent nitrogen atom on the other.
We first explored whether the sulfonic acid group could be replaced with other end-groups by
substituting sulfonic acid in #01 and #03 for caboxylic acid (yielding compounds #10 and #11,
Figure 6B) or an amide (yielding compounds #43 and #15, Figure 6B). As shown in the bar graph of
Figure 6B, substitution of sulfonic acid did not have a negative impact on transduction efficiency.
However, the substitutions further reduced the negative effect of the transduction buffer on cell
cycle as shown by an enhanced BrdU uptake (Figure 6B, open circles). In addition, the pyridine or
piperidine rings structure in the transduction compound (compounds #01 and #03 respectively)
could also be substituted a trivalent of tetravalent amine (compounds #20 and #29, Figure 6B)
without significant change in transduction activity. Next we examined whether the ability of the
amide to donate protons (Compounds #29 and #15) was required for transduction activity, by
substituting one or two protons with CH3 (yielding compounds #30, #31 and #34). As shown, this
methyl substitution enhanced the transduction activity of the compounds (Figure 6B). Finally, we
examined whether bioisosteres of the sulfonic acid (Compound #45) or dimerization of the
transduction compound (Compound #42) affected transduction activity. As shown in Figure 6B,
compounds #45 and #42 demonstrated high transduction efficiency compared to the original
NDSB201 (#01) with equal or better cell proliferation (Figure 6B).

Thus, variations on the original transduction compound NDSB201 (#01) demonstrate that there is
substantial chemical freedom regarding substitutions of the pyridine ring and the sulfonic acid,
which can be substituted by the structures described above. Neither the tetravalency of the
nitrogen and/or its incorporation in a ring structure, nor the proton-donor properties of the
sulfonic acid appeared important for the transduction activity. However, all tested active
substitutions had hydrophilic ends separated by a hydrophobic carbon chain. We therefore next
examined if substitution of these hydrophilic end groups by a hydrophobic CH3 group would affect
transduction activity. We compared the activity of NDSB195 (#06) and two derivatives in which
either the nitrogen (#07) or the sulphonic acid (#08) were replaced by C or CH3 respectively
(Figure 6C). In addition, we explored the effect of these substitutions on a transduction compound
with a trivalent nitrogen and carboxylic acid terminus (Figure 6C, #20 and derived #23 and #24).
As shown in the graph in figure 6C, carbon substitution of either group greatly diminished
transduction activity of the compound. Moreover, substituted compounds (#07, #08, #23 and #24)
displayed severe cell cycle inhibition (Figure 6C, open circles). Thus, while the transduction
compound allows substantial freedom at its termini, it appears that a hydrophilic group is

preferred at either end of the carbon chain.

The hydrophilic termini are separated by a 3-carbon chain. We next tested whether the length of

the carbon chain was critical for transduction activity. We tested compounds with 1 (#18), 2 (#13

and #19), 3 (reference compounds #11 and #20), 4 (#12 and #21) and 5 (#22) carbons in the

chain. As shown in Figure 6D, transduction activity was highest in the reference compounds (3-
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carbon chain). The compound with the 5-carbon chain (Figure 6D, #22) demonstrated similar
transduction activity but displayed reduced cell cycle progression. From our results it appears that
while compounds with a carbon chain length of 2-5 display transduction activity, a 3-carbon chain

is preferred.

As demonstrated above, an unexpectedly wide range of compounds display transduction activity.
To further dissect the chemical properties of effective protein transduction compounds, we
explored the protein transducing activity of a wide variety of Non-detergent sulfobetaine-related
compounds. A full list of tested compounds as well as a graph displaying the protein transduction
activity as well as their effect on cell proliferation is shown in Figure 6E with accompanying legend
in Table 1. The reference compound NDSB201 (#01) is indicated in blue. As shown, transduction
compounds display a wide range in transduction activity and cell proliferation. This prompted us to
test whether combinations of transduction compounds would have an additive or even synergistic
effect on transduction activity and/or cell proliferation. Figure 6F displays the results of various
combinations of transduction compounds. The transduction efficiency of the reference compound
NDSB201 (#01) was set at 100% (Figure 6F, blue bar). Glycine (#18), which has a single carbon
chain, displays poor transduction activity (9% of reference compound, Figure 6F). When combined
with the reference transduction compound at equimolar concentration (12.5 mM each),
transduction activity was approximately 15%, suggesting that combined compounds do not have an
additive effect, but rather the compound with the lowest transduction activity dominates the total
activity. This is further exemplified when our reference compound was combined with compound
#34, which on its own displayed a transduction efficiency of 180%. However, combined with the
reference compound, transduction activity dropped to 120%. When compounds with comparable
transduction activity are combined (reference compound #01 and compound #20) transduction

activity remains largely unchanged (Figure 6F).

One of the NDSB201 derivatives we tested was gamma-aminobutyric acid (GABA, compound #20)
an important neurotransmitter in the brain. GABA acts by stimulating the activation of GABA-
receptors, of which three classes have been identified; GABA-A, GABA-B and GABA-C. Interestingly,
GABA receptors are stimulated by a remarkably wide range of chemical structures ranging from
simple structures like ethanol and GABA itself, to seemingly unrelated benzodiazepines, muscimol,
baclofen and a long list of other compounds. Since the chemical structure of effective protein
transduction compounds also displays a large degree of freedom, we explored whether GABA
signaling plays an active role in the protein transduction effect. We tested the effect of specific
GABA agonists on B-lactamase transduction. MEFs were transduced with 1 pM (-lactamase for 3
hours at 700 mOsm/Kg and with 25 mM NDSB201 in the presence or absence of GABA agonists
Muscimol and SKF-97541. As shown in Figure 6G, addition of GABA agonists enhanced protein
transduction approximately 300% (Figure 6G).
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Protein transduction of murine Embryonic Stem Cells

To explore protein transduction of murine embryonic stem cells in more detail, we used a
transgenic mESC line in which a CRE-recombinase inducible reporter was stably integrated in the
ColA1 locus 2. This reporter encompasses a CMV promoter followed by a LoxP- flanked Stop-casette
and a eGFP reporter gene (Figure 7A). eGFP expression is induced upon successful CRE-
recombinase mediated excision of the Stop cassette. Indeed, transduction of increasing
concentration of recombinant CRE protein into murine ESCs results in a dose-dependent increase
in GFP+ ESCs (Figure 7B, upper panels, 12 hour transduction at 500 mOsm/Kg with glycerol and
glycine). Two sequential rounds of transduction (12 hrs each as above, with a 12 hour recovery
period in-between) with 5uM CRE resulted in 79% GFP+ ESCs (Figure 7B, upper panels).
Furthermore, addition of 5pM Tat-HA2 fusion peptide, known to enhance endosomal lysis of
macropinocytotic vesicles 29, further increased the percentage of GFP+ cells to 81% after single
transduction and 97% transduced cells after two rounds of protein transduction (Figure 7B, lower
panels). A fluorescence microscopy image of the cells in B is shown in Figure 7C. Next we tested
whether protein transduction affected ESC proliferation. After two rounds of CRE-protein
transduction, the doubly transduced cells in 7B were trypsinized, seeded onto MEFs feeders, and
cell proliferation was monitored by cell counting. Untransduced cells were used as a control. As
shown in Figure 7D, two rounds of CRE protein transduction did not affect ESC proliferation,
neither in the absence (Figure 7D, top panel) or presence (Figure 7D, bottom panel) of Tat-HA2
fusion peptide. Next we explored the expression of key pluripotency factors in the double
transduced mESCs by qRTPCR. Figure 7E demonstrated that the expression of Oct4, Nanog, Sox2,
Rex1 and FBox15 was unchanged in double-transduced mESCs compared to untransduced control
ESCs, eiher in the absence (Figure 7E, top panel) or presence (Figure 7E, bottom panel) of Tat-HA2
fusion peptide. Murine ESCs are pluripotent, meaning they have the capacity to differentiate into
derivative of the three germ layers. A stringent test of mESC pluripotency is their ability to form
chimeras. To test the pluripotency of the transduced mESCs, double-transduced GFP+ ESCs from
the experiment in 7B were injected into host blastocyst embryos and transplanted into
pseudopregnant foster mice. As shown in Figure 7F, double-transduced mESCs efficiently
contributed to chimera formation, both in the transduction without (7F, upper panel) and with Tat-

HAZ2 fusion peptide (Figure 7F, lower panel).
Protein transduction of human induced pluripotent stem cells (iPSCs).

To explore whether our transduction buffer would allow the transduction of human induced
pluripotent stem cells (iPSCs) as well, we employed a similar strategy as used for the murine ESCs
(Figure 7) with a slight adaptation. We transduced human iPSC with a lentiviral reporter which,
upon protein transduction of CRE-recombinase, results in the removal of an expressed dsRed
fluorescent reporter gene and subsequent activation of an eGFP reporter gene (Figure 8A). Hence,

the fluorescence signal of successfully transduced hiPSCs would shift from red to green. As with the
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murine ESCs, transduction of human iPSCs with 5uM CRE protein resulted in efficient removal of
the dsRed reporter and shift to eGFP expression in 64% of the cells as analyzed by flow cytometry
(Figure 8B, left two panels, 12 hours transduction at 500 mOsm/Kg). Note that some cells remain
double positive for GFP and dsRed. This is due to the fact that multiple copies of the lentiviral
reporter construct are present in the iPSCs, and not all copies are loxed-out. Addition of the Tat-
HA2 fusion peptide further increased transduction efficiency to 77% (Figure 8B, middle panel).
Double CRE protein transduction yielded 78% eGFP cells without added tat-HA2 fusion peptide and
84% GFP+ hiPSCs when 5uM Tat-HA2 fusion peptide was added. Figure 8C shows the fluorescence

microscopy images of the cells in (8B).
Protein transduction of murine and human neural stem cells, neurons and glia.

A similar strategy of CRE-recombinase mediated red-to-green reporter shift as described above,
was utilized to assess the transduction of murine and human neurons, glia and neural stem cells.
Figure 9A depicts a schematic representation of the assay. CRE protein transduction of murine
neurospheres resulted in efficient activation of the eGFP reporter (Figure 9B, left panels). Similarly,
human iPSC-derived glial cells and neurons were transduced with 5uM CRE, resulting in efficient
activation of the eGFP reporter. Since the flurorescent reporter construct was introduced into the
iPSC-derived glial cells and neurons using lentiviral infection, cells likely incorporated multiple
copies of this reporter. Thus, while CRE protein transduction resulted in efficient activation of the

eGFP reporter, cells continued to express dsRed from additional copies of the reporter.
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MATERIALS AND METHODS

DMEM containing 4.5 g/1 glucose (Life technologies, cat. 31966-021).

DMEM PHENOL-RED FREE containing 4.5 g/1 glucose (Life technologies, cat. 21063-029).
DPBS without calcium and magnesium (Life technologies, cat. 14190-094).

L-Glutamine, 100x (Life technologies, cat. 25030-123).

NEAA; Nonessential amino acid solution, 100x (NEAA; Life technologies, cat. 11140-035).
2-mercaptoethanol solution, 14.3M (Sigma, cat. M3148-25ml).

Penicillin/Streptomycin solution, 100x (Life technologies, cat. 15140-130).
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0.05% Trypsin-EDTA (Life technologies, cat. 25300-054).

Gelatin (Sigma, cat. no. G1890) (see REAGENT SETUP).

Puromyecin (Life technologies, Cat A11138-03).

mTeSR1™ (StemCell technologies, cat. 5850).

TeSR™-E8™ (StemCell technologies, cat. 05840).

Matrigel-growth factor reduced (BD, Cat. 354230).

Dispase (StemCell technologies, cat. 7923).

Murine embryonic fibroblasts (MEFs) serum (Sigma, Cat. F7524).
Murine embryonic stem cell (mES) Serum (Greiner Bio-One, Cat. 758073).
5x Transduction buffer (See REAGENT SETUP).

MEFs Media (See REAGENT SETUP).

mES Media (See REAGENT SETUP).

mES Transduction media (See REAGENT SETUP).

Neural stem cell media (See REAGENT SETUP).

N2 Supplement, 100x (Life technologies, cat. 17502-048).

B27 Supplement, 50x (Life technologies, cat. 12587-010).
Lysozyme (Sigma, Cat. L6876-1G).

Benzonase Endonuclease (Sigma, Cat. E1014-25KU).

Imidazole (Sigma, Cat. 15513-5G).

NDSB-201 (Sigma, Cat. 82804-50G).

NDCB-165 (SYNCOM B.V., The Netherlands).

Glycerol (Sigma, Cat. G2025).

Glycine (Sigma, Cat. 50046).

NaCl - Sodium chloride (Sigma, Cat. S5886).

NaH2P04 - Sodium phosphate monobasic (Sigma Cat, S5011).
MgCl; - Magnesium chloride (Sigma, Cat. M4880).

Cell Proliferation ELISA, BrdU (Roche, Cat. 11669915001).
Caspase-Glo 3/7 Assay (Promega, Cat, GB090).

EGF (Life Technologies, Cat. PHG0311).

FGF2 (Life Technologies, Cat. 13256-029).

PDGF (Life Technologies, Cat. PMG0044).

Insulin (Sigma, Cat. 19278-5ML).

IGF (R&D Systems, Cat. 791-MG-050).

TAT-HA2 Fusion Peptide (Eurogentec Nederland b.v., Cat. AS-64876).
INF7-TAT Fusion Peptide (Eurogentec Nederland b.v., Cat. AS-64908).
Chaperone plasmid sets (TAKARA, cat. 3340).

Ampicillin (Sigma, Cat. A9518).

Chloranphenicol (Sigma, Cat. C0378).

hLIF (Human Leukemia Inhibitory Factor, Stock 1000x; R&D systems, Cat. 7734-LF-025).
Coomassie Stain (Biorad, Cat. 161-0786).

CCF2-AM Loading Kit (Life Technologies, Cat. K1032).
Poly-D-lysine hydrobromide (Sigma, Cat. P6407).

EQUIPMENT

Ni-NTA Superflow Columns (Qiagen, Cat. 30622).

Amicon Ultra-15 Centrifugal Filter Unit (Millipore, Cat. UFC903008).
Zeba Spin Desalting Columns (Thermo Scientific, Cat. 87772).

96 Well Flat Clear Bottom Black Polystyrene TC (Corning, Cat. 3603).
100-mm Tissue culture dish (Greiner Bio-one, Cat. 664160).

6-Well tissue culture plate (Greiner Bio-one, cat. 657160).

24-Well tissue culture plate (Greiner Bio-one, cat. 662160).

96-Well tissue culture plate (Greiner Bio-one, cat. 655180).

2-ml Plastic disposable pipette (Greiner Bio-one, cat. 710180).
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5-ml Plastic disposable pipette (Greiner Bio-one, cat. 606188).
10-ml Plastic disposable pipette (Greiner Bio-one, cat. no. 607188).
50-ml Plastic disposable pipette (Greiner Bio-one, cat. 768180).
0.22-mm Pore size filter (Millex GP; Millipore, cat. SLGPO33RS).
0.45-mm Pore size cellulose acetate filter (FP30/0.45 CA-S, Schleicher & Schuell).
10-ml Disposable syringe (Terumo, cat. SS-10ESZ).

Dissecting forceps! CAUTION Sterilize by autoclave.

Dissecting scissors! CAUTION Sterilize by autoclave.
Luminometer (Berthold Technologies, Centro XS3 LB 960).
Fluorometer (Molecular Devices, SpectraMax M5e).

Fluorescence microscope (Nikon, Eclipse TS100).

Flow Cytometer (BD Biosciences, FACS-ARIAII).

TERMS USED:

Transduction: Intracellular delivery of target molecules (small molecules, polymers, peptide,

protein, RNA, DNA, siRNA or nanostructures)

Transduction target: The molecule introduced by transduction (small molecules, polymers, peptide,

protein, RNA, DNA, siRNA or nanostructures)

Transduction hypertonicity: Media hypertonicity that induces transduction
REAGENT SETUP

5X TRANSDUCTION BUFFER.

25mM NaH;P04, 500mM NacCl, 75mM Glycine, 150mM Glycerol, 250mM NDB, 1.25mM MgCL,, 1mM
2-mercaptoethanol. To prepare 500 ml of 5x transduction buffer, mix 1.5g of NaH,PO4 and 14.6g of
NACL then add miliQ HO until 400 ml. adjust pH using 10M NaOH to reach a final pH of 8.0. Then,
add while mixing 2.8g of Glycine, 25g of NDSB-201, 60mg of MgCl,, 5.5ml of glycerol, 7ul of 2-
mercaptoethanol. Finally fill to 500ml with miliQ HO. Filter sterilize by using a 0.22um filter. Store

at room temperature.
1x TRANSDUCTION BUFFER 500

To make 1x Transduction buffer 500, combine 1 volume of 5x Transduction buffer with the protein

of interest with 4 volumes of isotonic cell culture media to reach a final tonicity of 500 mOsm/Kg.
1x TRANSDUCTION BUFFER 700

To make 1x Transduction buffer 700, combine 1 volume of 5x Transduction buffer with the protein
of interest with 4 volumes of isotonic cell culture media. Finally, add the appropriate amount of

NaCl or RbCl salts to reach a final tonicity of 700 mOsm/Kg.

MEF media
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DMEM containing 10% FBS with 50U/ml penicillin and 50 mg/ml streptomycin. To prepare 500 ml
of MEF medium, mix 50ml of MEF serum and 2,5 ml of penicillin/streptomycin, and then fill to 500
ml with DMEM. Store at 4°C.

Neural stem cell media

DMEM/F12 containing 1xB27 and 10ng/ml of EGF with 50U penicillin and 50mg/ml streptomycin.
To prepare 500 ml of neural stem cell media, 10ml of B27 and 2.5 ml of penicillin streptomycin, and

then fill to 500 ml with DMEM/F12. Store at 4°C.
mES Media

DMEM containing 15% FBS (vol/vol), 2 mM L-Glutamine, 10mM NEAA, 1x10-* M 2-
mercaptoethanol, 20 ng/ml hLIF, 50U penicillin and 50 mg/ml streptomycin. To prepare 500 ml of
the medium, mix 75 ml of mES serum, 5 ml of L-Glutamine, 5 ml of nonessential amino acids, 3,5pl
of 2-mercaptoethanol, 2.5 ml of penicillin/streptomycin and 500 pl of hLIF and then fill to 500 ml
with DMEM. Store at 4°C.

mES Transduction media (Used for mES cells)

DMEM PHENOL-RED FREE containing 1xN2 and 1xB27 (vol/vol), 2 mM L-Glutamine, 10mM NEAA,
1x10-* M 2-mercaptoethanol and 20ng/ml of hLIF. To prepare 500 ml of the medium, mix 5ml of
N2, 10ml of B27, 5 ml of L-Glutamine, 5 ml NEAA, 500ul of hLIF and 3.5ul of 2-mercaptoethanol and
then fill to 500 ml with DMEM PHENOL-RED FREE. Store at 4°C.

Gelatin coating of culture vessels

Dissolve 1 g of gelatin powder in 100 ml of distilled water, autoclave, and store at 4°C as the 10x
gelatin stock solution. To prepare 0.1% (1x) gelatin solution, thaw the 10 x gelatin stocks in a
microwave and/or autoclave, and then add 50 ml of the 10x solution to 450 ml of distilled water.
Filter the solution with a 0.22-um filter unit and store at 4°C. To coat culture dishes, add
appropriate volume of 0.1% (1x) gelatin solution to cover the entire area of the dish bottom. For
example, 1, 3, or 5 ml of gelatin solution is used for a 35-, 60-, or 100-mm dish, respectively.
Incubate the dishes for at least 30 min at 37°C in a sterile environment. Before using, aspirate off

the excess gelatin solution.
Gelatin stock is prepared as 10x concentrate (1% w/v) stocks.
METHODS:

Cell culture

-75-



10

15

20

25

30

Mouse Embryonic Fibroblasts (MEFs) were obtained by isolation of embryos of 13.5-day-pregnant
mice. First, the embryos were washed with phosphate-buffered saline (PBS) and the head and
visceral tissues were removed. Remaining tissue was washed in cold PBS, minced using a pair of
scissors and incubated 20 min at 37°C in a 0.1 mM trypsin/1 mM EDTA solution (3 ml per embryo).
After this incubation, an additional 3 ml per embryo of 0.1 mM trypsin/1 mM EDTA solution was
added, and the mixture was incubated again at 37°C for 20 min. After trypsinization, 6ml per
embryo of MEF media was added and pipetted up and down a few times to help with tissue
dissociation. After incubation of the tissue/medium mixture for 5 min at room temperature, the
supernatant was transferred into a new tube. Cells were collected by centrifugation (200 x g for 5
min at 4°C) and resuspended in MEF media. 1x10¢ cells (passage N°1) were cultured on 100 mm

dishes at 37°C with 5% CO2 in MEF media.

Lox-RFP/STOP-Lox-eGFP MEFS cells were made by transducing them with lentiviral particles
containing the EF1-a vector which drives the expression of Lox-RFP/STOP-Lox-eGFP cassette
coupled to IRES-puromycin resistant gene. After 48hrs of transduction, cells were cultured in MEF
media with 1pg/ml of puromycin during a 1 week. After 7 days of selection, almost all cells
expressed the RFP marker. Cells were maintained in MEF media with 1ug/ml of puromycin. Cells

were frozen at passage N°3 for future experiments.

IB10 mES cells were obtained from the lab of Dr. Hans Clevers (Hubrecht Institute, The
Netherlands). V6.5 ES cells were a gift from the lab of Dr. Rudolf Jaenisch. Lox-Stop-Lox-GFP mES
cells were a gift of Dr. Konrad Hochedlinger. All mES cells were maintained on a layer of irradiated

MEF cells in mES media.

Mouse Embryonic Neural Stem cells were obtained from embryos head of 14-day pregnant mice as
described before (REF1). Cells were maintained in neural stem cell media containing 10ng/ml of
EGF. After 2 weeks, is possible to observe the formation of neurospheres. Lox-RFP/STOP-Lox-eGFP
transgenic neural stem cells were generated by transducing cells with lentiviral particles
expressing a Lox-RFP/STOP-Lox-eGFP cassette coupled to IRES-puromycin resistant gene. 2 days
after lentiviral transduction of neural stem cells, puromycin was added to media at concentration of
0.75pg/ml. After 10 days of selection more than 95% of cells express RFP. Cells were maintained in

neural stem cell media with 0.75ug/ml of puromycin.

Human embryonic stem cells were were cultured on matrigel in mTeSR1 or mTeSR-E8 media at
37°C. Culture media was replaced every day. Lox-RFP/STOP-Lox-eGFP transgenic H1 cells were
generated by transducing cells with lentiviral particles expressing a Lox-RFP/STOP-Lox-eGFP
cassette coupled to IRES-puromycin resistant gene. 2 days after lentiviral transduction of human ES

cells, puromycin was added to mTeSR1 media at concentration of 0,75 pug/ml. After 10 days of
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selection more than 95% of cells express RFP. Cells were maintained in mTeSR1 or TeSR-E8 media

with 0.75 ug/ml of puromycin.
Protein expression, purification and buffer exchange in transduction buffer

Proteins were overexpressed and purified from the E. coli strain BL21 (DE3) with chaperones
together the expressing plasmid pET15 with the gene of interest. Several sets of Chaperones are
available from Takara, and for each protein the optimal chaperone set can be determined according
to the manufacturers protocol provided with the chaperone plasmid-sets. Overnight cultures were
added 1:100 to x mL of LB media containing 50ug/mL ampicillin and 20ug/ml Chloramphenicol
and placed in a shaking 37°C incubator. Cultures were grown until an 0D600 of 0.75 was reached at
which point the culture was incubated with shaking at 16°C. After 1h, IPTG was added at 1mM, and
cultures were incubated with shaking at 16°C during 16hrs. Cells were harvested by centrifugation
and lysed by treatment with lysozyme (1mg/mL) and benzonase (1U/ml) at 4°C for 1h. Lysates
were cleared by centrifugation and the supernatant was loaded onto a Ni-NTA column. The proteins
were eluted by an imidazole gradient in 5x transduction buffer. After SDS-gel electrophoresis and
Coomassie staining of every elution fraction, the high purity protein fractions were pooled and
concentrated by using amicon filters. To remove the imidazole, Zeba Spin Desalting Columns were
used according to the manufacturer’s instructions, and the protein was eluted in 5x transduction
buffer. At this point, protein can be further purified or aliquoted and snap-frozen in liquid nitrogen.
A small fraction of protein solution was used to perform protein quantification by Bradford assay
and SDS-gel electrophoresis coupled with Coomassie staining to determine protein concentration
and purity, respectively. In our hands it was possible to freeze and thaw multiple times several

proteins in 5x transduction buffer with minimal loss of activity.
Transduction

To establish the optimal transduction conditions, several parameters need to be optimized for each
specific cell type. Specifically, these are; Tonicity and type of tonicity inducing-salt, transduction
time, type and concentration of osmoprotectant, type and concentration of transduction compound.
Specific procedures for optimization of each of these parameters are listed below. We use mainly
two different transduction protocols for all primary cells and cell lines tested so far. We use culture
media without antibiotics for the transduction. Although transduction works in the presence of

serum, we have found that it is most efficient in serum-free conditions.

As a starting point for optimization, we determine which of two transduction protocols works best
for the specific target cell type and osmocytosed target. From there, the transduction buffer that
yields the best results in terms of transduction efficiency, cell survival, cell proliferation and cell

function can be further optimized as outlined below. In the first protocol transduction is performed
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for 12 hours at a tonicity of 500mOsm/Kg (Protocol 12/500). In brief, a day before protein
transduction, cells were plated in the appropriate culture media without antibiotics. Next day,
prepare 1x transduction buffer 500 with the osmocytosed target. In brief, 5x transduction buffer
and the osmocytosed target are mixed with cell culture media to obtain 1x transduction buffer at a
tonicity of 500 mOsm/KG. This mixture of media/transduction buffer/osmocytosed target is added
to the cells. Cells are incubated with proteins in transduction buffer for 12hrs., after which

transduction media is removed and exchanged for regular culture media.

In the second protocol protein transduction is performed for 3 hours at a tonicity 700mOsm/Kg
(protocol 3/700). In brief, 1 day before transduction, cells were plated in the appropriate culture
media without antibiotics. Next day, prepare 1x transduction buffer 500 with the osmocytosed
target as described above. Finally, NaCl or RbCl or another transduction hypertonicity-inducing salt
(see below) is added to adjust the final tonicity to 700mOsm/Kg. For example, 2ul of 5M NaCl is
added to 98ul of 1x transduction buffer 500 to obtain a final tonicity of 700mOsm/Kg.

In the examples below, we test the efficiency of the 12/500 and 3/700 protocols by transducing
beta-lactamase or Cre protein as outlined below. However, efficiency and target cell response to the
transduction buffer can be measured using other reporter molecules, including, but not limited to

for example reporter DNA, RNA, siRNA, circRNA, small molecules and/or fluorescent probes.

The mixture of media/transduction buffer/and target osmocytosed molecule was added to cells.
Cells were incubated with proteins in transduction buffer for 3hrs. After that, the transduction

media was removed and exchanged for regular culture media.

Subsequent rounds of transduction can be performed with recovery time intervals of typically 12 to

24 hours.
B-Lactamase transduction measurement.

B-lactamase transduction was performed using the 3/700 protocol above in murine embryonic
fibroblasts (MEFs). A black, clear-bottom 96 well-plate was coated with 0.15mg/ml of Poly-D-
Lysine for 1h at room temperature. 12,000 MEFs cells were seeded per well in MEF media without
antibiotics. Next day, cells were transduced using the transduction protocol 3/700 as describe
above. The B-lactamase protein in 5x transduction buffer was diluted 1/5 in DMEM phenol-red free
media without antibiotics. Na- or Rb- salt was added to adjust the final tonicity to 700mOsm/Kg.
The complete mixture was then added to cells. After 3 hrs., the transduction media was replaced by
fresh MEF media for 30min. Subsequently, cells were washed once with phenol-red-free DMEM. -
lactamase activity was measured using the CCF2-AM kit following the manufacturer’s instructions.
In brief, 120ul of CCF2-AM loading media was added per well and cells were incubated for 1h at

room temperature. Cells were washed two times with DMEM phenol-red free and incubated for an
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additional 30-60min. Fluorescence emission was measured at 409 nm and 510nm following

manufacturer’s instructions. All tests were done in triplicate.

B-lactamase transduction in mES cells was performed in a similar manner using the 12/500 rotocol
(above). mES cells were plated at 75,000 cells per well in in gelatin-coated 96-well plates in mES
culture media. Next day, cells were transduced using the transduction protocol 12/500 as
described above. Then, B-lactamase protein in 5x transduction buffer was diluted 1/5 with mES
transduction media. The complete mixture was then added to cells. After 12 hrs. of transduction,
cells were washed 2 times with DMEM phenol-red free. -lactamase activity was measured using
the CCF2-AM kit following the manufacturer’s instructions. In brief, 120ul of CCF2-AM loading
media was added to each well and cells were incubated for 1hrs at room temperature. Cells were
washed 2 times with DMEM phenol-red free media and incubated for extra 30-60min. Fluorescence
emission was read at 409 nm and 510 nm and analyzed following manufacturer’s instructions. All

tests were done in triplicate.
EXAMPLE 2: CRE Transduction and quantification of CRE incorporation

MEFs were transduced with CRE following the protocol 3/700 in a 96 well format. In brief, 12,000
Lox-RFP/STOP-Lox-eGFP MEF cells were seeded per well in gelatin coated plates using MEF media.
Next day, CRE protein in 5x transduction buffer was diluted 1/5 with DMEM phenol-red free
without antibiotics. The complete mixture was then added to cells. After 3hrs. of transduction,
media was replaced by fresh mES media and incubated for 24-48 hrs. Cells were then analyzed by

measuring of green and red signal in a fluorescent microscope or in a flow cytometer.

mES cells were transduced with CRE following the protocol 12/500 in a 96 well format. In brief,
75,000 Lox-STOP-Lox-GFP mES cells per well were seeded gelatin coated plates using mES media.
Next day, Cre protein in 5x transduction buffer was diluted 1/5 with mES transduction media. The
complete mixture was then added to cells. After 12hrs. the transduction media was replaced by
mES media and cells were incubated for 24-48 hrs. Cells were then analyzed by measuring of green

signal in a fluorescent microscope or in a flow cytometer.

Mouse Neural Stem Lox-RED/STOP-Lox-eGFP cells were transduced with CRE protein following the
transduction protocol 12/500. Neurospheres were transferred to a 96 well plate with 80ul of the
neuronal stem cells media. Right after, 20ul of CRE in 5x Transduction buffer was added to cell and
mixed carefully. 12hrs. later, transduction media was replaced by fresh neural stem cell media and
cells were incubated for 24-48 hrs. Cells were then analyzed by measuring of green and red signal

in a fluorescent microscope or in a flow cytometer.

Human ES Lox-RED/STOP-Lox-eGFP cells were transduced with CRE following the protocol 12/500

in a 96 well format. Cell were passaged by mechanical dissociation into small clumps following
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mTeSR1 or TeSR-E8 manufacturer’s instructions and seeded on a matrigel coated plate to reach a
50% confluency. Next day, CRE protein in 5x transduction buffer was diluted 1/5 with mTeSR1 or
TeSR-E8. The complete mixture was then added to cells. After 12hrs. of transduction, media was
replaced by fresh mTeSR1 or TeSR-E8 media and cells were incubated for 24-48 hrs. Cells were
then analyzed by measuring of green and red signal in a fluorescent microscope or in a flow

cytometer.
EXAMPLE 3: TALEN Transduction

TALEN proteins were expressed and purified under native conditions as described above. The
recombinant TALEN proteins were purified in 5x transduction buffer. Human ES cells were
transduced with TALEN proteins using the transduction protocol 12/500. For HPRT gene
disruption, a pair of TALEN proteins targeting the HPRT gene was used. 4 days after the
transduction, 2,5uM 6-TG was added to select for HPRT knockout cells. Two weeks later, surviving

clones were picked and expanded for genomic DNA purification and HPRT gene sequencing.

Male human iPS cells were transduced with 2uM TALEN protein for 12hs. In brief, 20ul HPRT talen
proteins in 5x transduction buffer were mixed with 80ul of human iPS cell media. Final mixture was
added to cell for 12hs. After that, media was replaced by 150ul of human iPS cell culture media.
After 5 days 3uM 6-TG was added into culture media to select HPRT deficient cells. After 10 days,
individual clones were picked and culture them separately. Genomic DNA was purified of each
clone and HPRT gene sequence were performed. Blast alignment was executed to determine the

rate of insertions and deletion in HPRT gene cause by TALEN proteins (see Figure 14).
EXAMPLE 4: Transduction enhancers

EGF, FGF and PDGF were used as protein transduction enhancers. The Growth factors were added
in transduction buffer at their active final concentration (in the case of listed growth factors about
10ng/ml each). Fusion peptides were used in transduction buffer at a concentration ranging from 1

to 10uM.
EXAMPLE 5: BrdU and Caspase measurements

Cell proliferation was determined using the Cell Proliferation Elisa kit, Brdu (Roche) following
manufacturer’s instructions (Roche). Quantification of caspase-3 and caspase-7 activities were
measured using the Caspase-Glo 3/7 Assay kit (Promega) following the manufacturer’s protocol

(Promega).
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EXAMPLE 6: Assays for the optimization of the Transduction procedure and the transduction

buffer.

It is important to note that tonicity is defined by the concentration of all solutes that don’t cross the
cell membrane. In our examples, we use NaCl or RbCl typically at 500-700 mOsm/KG, but buffer
tonicity as well as transduction time should be optimized for a specific application (transduction
target and target cell type) as outlined below (I). Also, in our examples we use NDSB201 as the
transduction compound, but the ability and efficiency of other compounds in inducing or facilitate
transduction can be determined as outlined below, and should be optimized for the specific
application (transduction target and target cell type) as outlined below (II). As stated above, in our
examples we use NaCl or RbCI to induce transduction hypertonicity, but other salts or compounds
can be used. We have outlined below (III) an assay to test if a molecule or compound can effectively
induce the transduction hypertonicity. Salts, molecules or compounds that are found to induce
transduction should be further optimized for time and buffer tonicity as outlined in (I). In our
examples, the osmoprotectants used in our transduction buffer are Glycine and Glycerol, but the
effectiveness of other compounds as osmoprotectants can be determined as outlined below, and
should be optimized for the specific application and cell type as outlined below (IV). Optimization
of above parameters will require iterative adjustments of the other components. For example, after
determination and optimization of a novel transduction compound, the transduction hypertonicity

and time may need re-adjustment.
(I) Assay to optimize transduction Tonicity and Transduction time.

To optimize the transduction procedure for a specific application (transduction target and target
cell type), consider as starting point the protocols 12/500 and 3/700 described before. Here, we
describe how to optimize the transduction protocol with respect to efficiency of intracellular
uptake, cell survival and, if applicable, cell proliferation. In our example, we use -lactamase protein
to optimize transduction, but other proteins, DNA, RNA, siRNA, (small) molecules or nanostructures
can be used, as long as there is an essay available to determine the intracellular delivery of the

transduction target.

To optimize transduction media tonicity and transduction time, set up a titration matrix in a 96-

well format as shown in Figure 10.

Prepare a beta-lactamase solution of at least 80 to 100 microM in 5x transduction buffer. This (3-
lactamase protein solution is used as a 100x concentrate to obtain a final 3-lactamase concentration

of 0.8 to 1uM.

To optimize buffer tonicity and transduction time, target cells are plated in the appropriate phenol-

red-free culture media without antibiotics in 3 different multi-well plates (Plate “A”, to determine
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intracellular (-lactamase activity, plate “B” for cell proliferation measurement and plate “C” for

apoptosis analysis).

Prepare a series of culture media with different tonicities ranging from 300 to 1000 mOsm/Kg, by
adding 50mM NDSB201, 15mM Glycine and 30mM Glycerol to phenol-red-free culture media
without antibiotics and adjusting the tonicity using NaCl, RbCl or other transduction hypertonicity-
inducing salt (for optimization of transduction hypertonicity inducing salts see (III) below).
Incubate cells at different tonicities for 2-24 hrs (see schematic Figure 10) and proceed to measure
B-lactamase activity in plate A as described above and replace media with standard culture media
in plates B and C. After 6-8 hrs., add BrdU in plate B in regular culture media and measure caspases
3/7 activities in plate C. Incubate plate B with BrdU for the additional time required for BrDU
incorporation into the proliferating target cells (see manufacturers protocol) and proceeded to
determine BrdU incorporation (Manufacturers instructions; Cell Proliferation ELISA, BrdU, Roche,
Cat. 11669915001). The optimal conditions will be those with highest (-lactamase protein

incorporation and minimal effect on cell survival, cell proliferation (if applicable) and cell function.

(II) Assay to optimize type and concentration of transduction compound

In our examples we used the transduction compound NDSB201, but different transduction
compounds can be used depending on the application and transduction target. Here we describe
how to test the performance of potential transduction compounds and optimize the final
concentration of the transduction compound. In this example we use transduction protocol 3/700
to transfer f-lactamase protein into murine embryonic fibroblasts (MEFs), but depending on target
cell type the transduction protocol should be adjusted as described in (I). Prepare a 100x B-
lactamase stock as described in (I). To optimize transduction compound, this stock 3-lactamase
solution will need to be prepared in the to be tested transduction compound of interest or dialyzed

against 5x transduction buffer with 250mM of transduction compound of interest.

Prepare culture media at optimized tonicity determined in (I). Add to this media, the to be tested
transduction compound in a concentration range of 5 to 150mM. As described in (I) prepare multi-
well plates with target cells to test intracellular transfer of transduction target, cell apoptosis and, if
applicable, cell proliferation. Add transduction media with transduction target (In our example (3-
lactamase) and different concentrations of the tested transduction compound. Incubate cells at the
time determined in (I) and measure -lactamase transduction, apoptosis and BrdU incorporation as

described in (I).
(III) Assay to optimize the type of hypertonicity-inducing salt.

Several salts are capable of inducing transduction hypertonicity, but as demonstrated in our

examples, not all hypertonicity-inducing molecules induce transduction. Here we describe how to
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determine if a specific salt is capable of inducing transduction and how to optimize the type of

transduction salt for a specific application.

Prepare a 100x (-lactamase stock as described in (I). To optimize transduction salt, this stock (3-
lactamase solution will need to be prepared in the to be tested transduction salt of interest or

dialyzed against 5x transduction buffer with 250mM of transduction salt of interest.

Ideally, in the following steps, sodium-free media is used for the preparation of the transduction
media, since sodium present in standard culture media can confound results. Prepare culture media
using a control transduction salt (see examples) or the salt(s) to be tested at a tonicity ranging from
300-1000 mOsm/Kg and combine with transduction target (In this example [-lactamase).
(Alternatively, an initial test can be performed using the salt to be tested in the transduction
protocols 12/500 or 3/700 to determine transduction activity of a specific salt or molecule, with

subsequent further optimization of this salt or molecule as described in (I)).

As described in (I) prepare multi-well plates with target cells to test intracellular transfer of
transduction target, cell apoptosis and, if applicable, cell proliferation. Add transduction media with
different concentrations of the tested transduction salt. Incubate cells at the optimal transduction
time determined in (I) and measure (-lactamase transduction, apoptosis and BrdU incorporation as

described in (I).
(IV) Assay to optimize the type and concentration of osmoprotectant

In our examples we use a combination of Glycerol and Glycine as osmoprotectants, but different
osmoprotectants can be used depending on the application and transduction target. Here we
describe how to test the performance of potential osmoprotectants and optimize the final

concentration of the osmoprotectants.

Prepare a 100x [3-lactamase stock as described in (I). Prepare transduction culture media using a
control osmoprotectant(s) (see examples) or the osmoprotectant(s) to be tested at a concentration
ranging from 1-250 mM and combine with transduction target (In this example (-lactamase). As
described in (I) prepare multi-well plates with target cells to test intracellular transfer of
transduction target, cell apoptosis and, if applicable, cell proliferation. Add transduction media with
different concentrations of the tested osmoprotectant(s). Incubate cells at the optimal transduction
time determined in (I) and measure (-lactamase transduction, apoptosis and BrdU incorporation as

described in (I).
EXAMPLE 7: Transduction buffer enhances DNA-Lipid transfection on primary cells

One day before transduction, 75,000 mouse ES cells were plated per well in a 96-well plate. Next
day, cells were transfected with 100 pl transfection media. In brief, transfection media contains
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100ng plasmid DNA, 0,8ul LTX lipid, 0,1ul plus reagent (LifeTechnologies) and 20pl of 5x
transduction buffer. Total volume included 100pl mESC media + LIF. Control cells were similarly

transfected; transduction buffer was replaced with mESC media + LIF.

The results are shown in Figure 11. Addition of transduction buffer to the plasmid DNA/
Lipofectamine LTX transfection mix results in efficient transfection of reporter DNA into the murine

ESCs.
EXAMPLE 8: Dual Intracellular incorporation of DNA and Protein using Transduction buffer

One day before transduction, 75,000 mouse ES cells were plated per well of a 96-well plate. Next
day, cells were incubated with 100 pl of transduction media. Cre transduction media was prepared
by combining 20pl CRE protein in 5x transduction buffer plus an additional 80pl of mESC media +
LIF. RFP/DNA-Lipid transfection media contained 100ng plasmid DNA, 0.8ul LTX lipid, 0.1pl plus
reagent (Life Technologies) and 20ul of 5x transduction buffer. Total volume included 100ul mESC
media + LIF. CRE and DNA/LIPID transduction media contains 100ng plasmid DNA, 0,8ul LTX lipid,
0,1pl plus reagent (Life Technologies) and 20ul CRE protein in 5x transduction buffer. Total volume
included 100ul mESC media + LIF. Cells were incubated for 12 hrs and media replaced with mESC

media. Cells were analysed 32 hrs after transduction by FACS analysis.

The results are shown in Figure 12. Addition of transduction buffer results in efficient transfection
of: Cre recombinase protein; plasmid RFP-DNA; and CRE protein together with RFP-DNA/Lipid

complexes. into the murine ESCs.
EXAMPLE 9: Transduction buffer enhances viral incorporation in human iPS cells

Lentiviral transduction on human iPS cells with a cell density of 75% confluency in 96-well format.
Viral transduction consisted of 1ul concentrated viral stock, 4ug/ml polybrene, plus human iPSC

culture media for a final volume of 100ul.

Viral transduction under transduction buffer conditions were performed by combining 1ul
concentrated viral stock, 4pg/ml polybrene, 20ul of 5x transduction buffer, plus human iPSC culture
media for a final volume of 100ul.Cells were incubated for 12 hrs and media changed for regular
human iPSC media. Cells were analysed 36 hrs after transduction. Next day, cells were transfected
with 100 pl transfection media. In brief, transfection media consisted of 100ng plasmid DNA, 0,8ul
LTX lipid, 0,1pul plus reagent (LifeTechnologies) and 20ul of 5x transduction buffer. Total volume
included 100ul mESC media + LIF. Control cells were similarly transfected; transduction buffer was

replaced with mESC media + LIF.

The results are shown in Figure 13. Addition of transduction buffer results in efficient transfection
of lentiviral particles into the human iPS cells.
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EXAMPLE 10: Transduction buffer for protein with low solubility

2/1000 transduction buffer - final composition.

500mM NacCl, 250mM NDSB-201, 300mM glycine, 150mM Glycerol in D-MEM N2/B27 + LIF.
2/1000 transduction buffer protocol.

In brief, mES cells were transduced by adding 80ul of 2/1000 transduction buffer + 20ul CRE
protein in 5x transduction buffer 500/12. Cells were incubated for 2 hrs. Following incubation,

media was replaced with mESC media. Cells were analyzed by FACS 36 hrs after transduction.
EXAMPLE 11: Transduction of TALENs into human iPS cells

Male human iPS cells were transduced with 2uM TALEN protein for 12hs. In brief, 20pl HPRT
TALEN proteins in 5x transduction buffer were mixed with 80ul of human iPS cell media. Final
mixture was added to cell for 12hs. After that, media was replaced by 150ul of human iPS cell
culture media. After 5 days 3uM 6-TG was added into culture media to select HPRT deficient cells.
After 10 days, individual clones were picked and culture them separately. Genomic DNA was
purified of each clone and HPRT gene sequence were performed. Blast alignment was executed to

determine the rate of insertions and deletion in HPRT gene cause by TALEN proteins.

The results are shown in Figure 14. The results show that functional TALENs were transduced into
the iPS cells because insertions and deletions were generated in the genetic material inside the cell

at the TALEN target site.
EXAMPLE 12: Simultaneous transduction of proteins and large molecules

To assess if the transduction buffer would permit the simultaneous transduction of proteins and
large molecules, we analyzed macropinocytosis mediated uptake of TMR-dextran (red) and
fluorescently labeled BSA protein (cyan) by GFP-expressing murine embryonic fibroblasts (MEFs).
In brief, MEFs expressing eGFP protein (green) were incubated with 5pg/ml of high molecular
weight TMR-Dextran (red) and 1pg of BSA-Alexa-647 (far-red) in 1x transduction media (protocol
700/3) for 30 min. Subsequently, cells were washed twice in 1x transduction buffer. Finally, cells
were maintained in 1x transduction buffer and immediately analyzed by confocal microscopy.
Dextran and BSA uptake was inhibited by incubating cells with 100 uM Ethylisopropylamiloride

(EIPA) 30 min before and during transduction procedure.

Results are shown in Figure 15. Simultaneous transduction of Dextran (polysaccharide) and BSA
protein was observed in the presence of transduction buffer. Transduction was inhibited by

macropinocytosis inhibitor EIPA.
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EXAMPLE 13: Gene editing by transduction

The high efficiency of protein osmocytosis has atipg application in gene editing. In addition tet
TALEN gene editing system described above, thentbcdiscovered CRISPR-Cas9 system provides an
additional gene editing system. CAS/CRISPR consi$tthe Streptococcus pyrogenes Cas9 nuclease
protein, which is guided to specific genomic logidosmall guide RNA (sgRNA) [1, 2]. The appeal fué t
CAS/CRISPR system is its simplicity in design. ontrast to the TALEN and Zinc-finger systems, in
which the nuclease protein itself needs to be desigand modified for each specific target site, the
CAS/CRISPR system requires a single nuclease pr{@zis9) and varies the associated short guide RNA
for target selection. Upon target binding, the CagBlease creates a double-strand break (DSB)eat th
target locus, which, when repaired by the cell&B-repair system frequently creates a frameshift
deletion resulting in gene disruption. The Cas/GMRSsystem is typically introduced into target cells
using viral vectors, which hampers clinical apgiica and, without further drug-selection of infatte
cells, is inefficient in some target cell typesv@i the efficiency of our osmocytosis system inesalv
difficult-to-infect cell lines, including human stecells, we explored whether this system wouldvallo
protein-mediated gene editing as well.

To this end, we first tested whether osmocytosisldallow the efficient transduction of RNA intolise

To test this, we performed siRNA (small interferiRdlA) transduction into KBM7 cells using the 700/3
protocol. We transduced siRNA targeting GAPDH {tirmgen) and measured GAPDH knockdown by
western blot. As shown in Figure 17, transductibsiBNA resulted in efficient knockdown of GAPDH
protein expression level. Above data demonstrates our osmocytosis system allows the efficient
transduction of small RNAs such as siRNA into tagls.

Next we optimized the transduction media to alltwe transduction of recombinant Cas9. In our first
attempt to transduce Cas9 protein using the 700d3580/12 media, we noticed that Cas9 protein was
insoluble in both transduction conditions. Howev€as9 protein remained soluble when higher
concentrations of both NaCl and NDSB-201 (#01) &B®@ (#20) were used (Figure 18A). For this
reason we developed a “Cas9-adapted transductiotogmi” (the “fourth protocol”) with a final
osmolality of 1250 mOsmol/Kg and a concentratior260mM of NDSB-201 (transduction compound
#01) or other transduction compounds selected fl@rable 1. We expected that higher osmolalities a
NDSBs will induce faster protein transduction blspacould possibly increase the cellular toxicitfo
characterize this new transduction conditions wesueed BrdU incorporation upon high osmolarity
(1250 mOsm/Kg) transduction at different short tip@ints, in KBM7 cells. We observed that the
different transduction compounds displayed vargngvival rates compare to NDBS-201 in KBM7, and
compound #20 for example gave much better surtihaat NDSB-201 (Figure 138B).

To further test the duration of the transductiothwire modified transduction buffer, we performeGra

recombinase protein transduction at 1250 mOsmodKg 250mM GABA at different time points and
measured the percentage of cells with successi#mediated reporter activation as well as BrdU
incorporation as a measure of cell proliferatiord aurvival. Under these conditions, the optimal

transduction time based on cell survival and Camdduction was around 60 minutes. At those time
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points, one round of Cre protein transduction game80% of GFP positive KBM7 cells. And two
subsequent rounds of Cre protein transduction g% positive KBM7 (Figure 18C). A second round
of protein transduction didn't affect cell survivedte. Thus, these data shows the flexibility of th
osmocytosis method and demonstrate that, baseteoproperties of the protein to be transduced; it i
possible to adjust transduction conditions (typd aancentration of the transduction compound and/or
buffer osmolality) for optimal protein incorporati@fficiency and cell survival.

Using the Cas9-adapted transduction media, we aimstnultaneously transduce Cas9 protein with the
corresponding sgRNA into KMB7 cells. sgRNAs wer@duced by in-vitro transcription from DNA
templates. The sgRNAs contain a 20nt guide sequerderring its target specificity and an 80 nts
scaffold sequence (Figure 18D, top panel). RecoantiiCas9 protein was expressed in E.coli (Figure
18D, bottom panel). To monitor the introduction@AS9-sgRNA into cells, we developed reporter cells
lines having a stable integrated lentiviral condtrith 20nts of AAVS1 target sequence coupledrio a
out-of-frame silent tdtomato gene (Figure 18E). cegsful Cas9-sgRNA mediated introduction of a
frameshift deletion upstream of the tdTomato geitlerestore the reading frame of the tdTomato régror
and allow analysis of targeting efficiency (Figdr@F). KBM7 reporter cells were transduced with Cas9
protein together the corresponding on-target AAVHRNA. After the first round of Cas9-sgRNA
transduction, 30% of the reporter KBM7 cells reklished tdtomato protein expression (Figure 18p, to
panel). After a second round of Cas9-sgRNA transoluc 56% of the KBM7 cells expressed the
tdtomato reporter. As specificity control, KMB7 oater cells were transduced with Cas9 protein dfhd o
target sgRNAs with 2 nucleotide substitutions coradao the AAVS1-target sequence (Figure 18F, top
panel). As shown in figure 18F, off-target SgRNAS dot activate the tdtomato reporter. Together, ou
data demonstrate that our osmocytosis buffer alltwesefficient tandem transduction of protein and
RNA, and allows highly efficient and specific geediting using the Cas9/CRISPR system. Recently,
several variations to the Cas9/CRISPR system haes lbeported, including enhanced specificity by
introducing heterologous Fokl nucleases [3, 4leraklitive Cas analogs from different species [5] or
alternative targeting systems based on other bakctermune complexes such as the Cascade system [6]
or bacterial argonaute proteins (reviewed in: [V have shown that our osmocytosis system allbes t
efficient introduction of gene editing proteins motein-nucleotide complexes into mammalian (stem)
cells as exemplified by our successful transductibmecombinant TALEN proteins and recombinant
Cas9 protein together with its small guide RNAisltexpected that our transduction system will allow
efficient introduction of other gene editing protgior protein-complexes (such as the ones mentioned
above) as well.

Since we used a lentiviral reporter system for meag CAS9/sgRNA transduction, it is likely thatcha
cell contained multiple copies of the reporter, athimay distort the perceived transduction efficjeA®
obtain an accurate estimate of CRISPR-Cas9 osnssytmediated targeting efficiency, and to
demonstrate that this system can be used to medetatogenous genes as well, we tested the capécity
our gene-editing protein transduction system to ifgogh endogenous gene WDR85 (DPH7). WDR85
Knockout cells are resistant to Diphtheria toxidtined cell death, thus providing a simple and bédia

assay for measuring successful biallelic gene kowickDiploid KBM7 cells were transduced twice with
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Cas9 protein and 6 different SgRNAs against WDR8beg(Figure 19A). 7 days after the second Cas9
protein/sgRNA transduction (to allow the gene krmdkto become effective at the protein level), <ell
were treated with diphtheria toxin for 48hs. Celhgval was observed only in cells transduced l#s9
protein and WDR85 sgRNAs, while no viable cells eveetected in diphtheria toxin treated wild type
KBM7 cells or in cells transduced with Cas9 proteiith an off-target sgRNAs (Figure 19B). The
different sgRNA displayed different efficiencies kmocking out WDRS85. 4 out of 6 sgRNAs gave
particularly high cell survival rates (Figure 19Bar graph). Since the KBM7 cells used in this
experiment were diploid, this means that in sungvicells endogenous WDR85 was deleted on both
alleles. DNA sequence analysis was performed ima pf diphtheria toxin resistant cells transduced
with the different WDR85 sgRNAs and CAS9 proteine Wbserved for every WDR85 sgRNAs a 100%
of gene disruption (Figure 19C) confirming that hdhgeria toxin resistant cells were WDR85 gene
Knockout.

To accurately estimate the knockout frequency, nesduced KMB7 cells with CAS9 protein and the
different WDR85 sgRNAs. 4 days later, we perforrsadjle cell sort in 384 well plates and after a kvee
we identified the clones that survived the singt-sorting procedure. These clones were thenedeiair
48hs with diphtheria toxin. Surviving clones werauoted allowing us to determine the percentage of
diphtheria toxin resistant clones, in which botlelas of WDR85 were knocked out, thus estimatirg th
efficiency to make WDR85 knockout cells. As befothe different sgRNA demonstrated different
efficiencies in generating WDR85 knockouts, randiram 10-70% of biallelic knockout (figure 19D).
We sequenced the CAS/CRIPSR target site in 3 sitgjleclones for the four sgRNAs that were highly
efficient to confirm that ditheria toxin survivinglones indeed contained a biallelic WDR85 gene
disruption. As shown in figure 19D, diphtheria-stant clones indeed demonstrated biallelic WDR85
gene disruption. The efficiency of generating leidl knockouts by osmocytosis of recombinant Cas9
protein and sgRNA is much higher than previouslyoréed [2], demonstrating that this method allows
the highly efficient, non-viral generation of targe gene mutations in human cells.

In all of these methods 15 mM Glycine and 30 mMd@hpl were included in the transduction buffer as
osmoprotectants.

We observed a significant cell survival effect gsie interferon inhibitor protein “B18R” when we
transduced RNA or DNA into cells (Nat Protoc. 20War;8(3):568-82. doi: 10.1038/nprot.2013.019.
Epub 2013 Feb 21. Reprogramming human fibroblasgguripotency using modified mRNA. Mandal
PK1, Rossi DJ.). In brief, cells were incubatedw@b0 ng/ml of B18R protein 3hs before transdugtion
during transduction and 48hs after transductionrelrent years, two essentially different gene egliti
systems have been developed that differ in thetivay find their specific genomic target sequenage O
type, represented by the zinc-finger nucleases BAOENS uses customizable domains within the
nuclease protein itself to recognize specific talpBlA sequence in the genome. The other type is
represented by the Cas9/CRISPR, Cascade, TtAgmtmd Argonaute protein systems, which use a
common protein (complex) that is the same regasdbdégthe genomic target site, which is targeted to
specific target by an associated nucleotide sequebar data demonstrate that the transduction reyste
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described here is capable of delivering both tygfegene editing systems into mammalian cells and by
doing so allows rapid, non-viral and highly efficiegene editing.

EXAMPLE 14: evidence for macropinocytosis mechanisms of transduction and a ssimple assay for
evaluating the efficacy of a transduction compound candidate

For transduction to occur, proteins that have liakan by macropinocytosis have to be releasedligo
cytosol. We hypothesized that this happens by patiore of the macropinocytic vesicles. To test the
efficacy of potential transduction compound cantidawe set up an assay to monitor macropinosome
vesicle permeation. We used a Galectin3-GFP repsytstem that has been described before to monitor
vesicle leakage induced by drugs or pathogens][&&lectin-3 is a small soluble cytosolic protéiat

can bind beta-galactoside sugar containing carbalgsl These are normally present only on theiexter
of the plasma membrane and the interior of inttatzel endocytic vesicles. Upon intracellular pertieza

of the membrane of macropinocytic vesicles, cytepla Galectin-3 can penetrate the vesicle and taind
the intravascular carbohydrates. Galectin-3 relpatbn has therefore been utilized as a tool emiify
rupture of vesicles in studies of bacteria andsgsuwhich rely on vesicle rupture to enter the migigm
during infection [8, 9]. We set up a reporter sgsie which Galectin-3 protein is fused to GFP (GAL3
GFP). Cytosolic GAL3-GFP protein relocalises to timéerior of permeabilized macropinosomes,
whereby a multimer complex is formed with intenseen fluorescent emission. MEFs cells expressing
GAL3-GFP protein were transduced using the 700f8litmns. As expected, we observed bright vesicle
formation in cells under transduction media, denrating macropinosome leakage under protein
transduction conditions (Figure 16). Gal3-GFP dmt relocalize to vesicles when cells were pre-
incubated with macropinocytosis inhibitor EIPA (ehipotently inhibits protein transduction) or when
cells were left untreated (Figure 16). Furthermavhen the transduction compound (NDSB-201) was
replaced by a compound with little to no transduttactivity (compound 09 and 18) Gal3-GFP did not
localize into the macropinocytic vesicles (Figu®).1These results indicate the transduction meslia i
promoting protein uptake from extracellular spaé@ macropinocytosis and inducing macropinosome
vesicle leakage to release proteins into the cytd$e Gal3-GFP assay is a simple and effectivenmea
to test candidate transduction compounds for effi¢a protein transduction.

Referencesfor Examples 13 and 14

1. Jinek, M., et al., A programmable dual-RNA-guided DNA endonuclease in adaptive bacterial
immunity. Science, 2012. 337(6096): p. 816-21.

2. Mali, P., et al., RNA-guided human genome engineering via Cas9. Science, 2013. 339(6121): p.
823-6.

3. Tsai, S.Q., et al., Dimeric CRISPR RNA-guided Fokl nucleases for highly specific genome editing.
Nat Biotechnol, 2014. 32(6): p. 569-76.

4. Guilinger, ].P., D.B. Thompson, and D.R. Liu, Fusion of catalytically inactive Cas9 to Fokl
nuclease improves the specificity of genome modification. Nat Biotechnol, 2014. 32(6): p.
577-82.

5. Esvelt, KM,, et al,, Orthogonal Cas9 proteins for RNA-guided gene regulation and editing. Nat
Methods, 2013.10(11): p. 1116-21.

6. Westra, E.R,, et al,, Cascade-mediated binding and bending of negatively supercoiled DNA.

RNA Biol, 2012. 9(9): p. 1134-8.
-89-



10

Makarova, K.S., et al., Prokaryotic homologs of Argonaute proteins are predicted to function as
key components of a novel system of defense against mobile genetic elements. Biol Direct,
2009. 4: p. 29.

Paz, 1, et al,, Galectin-3, a marker for vacuole lysis by invasive pathogens. Cell Microbiol, 2010.
12(4): p. 530-44.

Maejima, 1., et al., Autophagy sequesters damaged lysosomes to control lysosomal biogenesis
and kidney injury. EMBO ], 2013. 32(17): p. 2336-47.

-90-



10

15

20

25

CLAIMS

1. A method for transducing a molecule of interesb iatcell, wherein the method comprises contacting
said cell with the molecule of interest and a tdammsion buffer, wherein the transduction buffer
comprises (i) a transduction compound, (i) a saltan activator/enhancer of a sodium-hydrogen
transporter, and preferably (iii) an osmoprotectant

2. The method of claim 1 wherein the transduction éruéomprises (i) a transduction compound, (ii) a
salt, and preferably (iii) an osmoprotectant.

3. The method of claim 2, wherein the transductiorfdsufomprises (i) a transduction compound, (ii) a
salt, and (iii) an osmoprotectant.

4. The method of any one of claims 1 to 3, whereingdléis a sodium, lithium, potassium, caesium or
rubidium salt.

5. The method of any one of claims 1 to 4, whereinstileis sodium chloride.
6. The method of any one of claims 1 to 5, whereinttesduction compound

a. has the general formula:

R4
| ®
Ry—N=(CHp)y—R"
Rj
wherein R is methyl, ethyl, propyl, butyl, pentyl, hexyl tireir derivatives;
R, is methyl, ethyl, propyl, butyl, pentyl, hexyl threir derivatives;
Rz is methyl, ethyl, propyl, butyl, pentyl, hexyl tireir derivatives;

R is SQ or COO or POO and/or
nis1-6,.e 1, 2, 3, 4,5 orgor

b. has the general formula:

n (N
wherein:

X is selected from NER?, NR'R’R*+, OH and COOR

Y is selected from S§I, SO;, COO, CONH,, COOR? CONRR®, tetrazole, OH, NBR'?, and
H;

nisi, 2, 3,4,5or6;
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R', R and R, are each independently selected from H, C1-6l.at§-10 aryl, C6-15 aralkyl,
COR’; C1-6 alkyl, C5-10 aryl and C6-15 aralkyl may opilly be substituted with 'R OH or
COOH;

or R and B may come together with the nitrogen to which thee attached to form
heterocyclyl;

or when X is NBR’R*+, R® may be absent and' Bnd B may come together with the nitrogen to
which they are attached to form heteroaryl;

R, R, R, R, RY, R, R are independently selected from H and C1-6 alkyl;

R’ and R are independently selected from H, C1-6 alkyl @t or R may come together with
R' to form heterocyclyl;

heterocyclyl is a monocyclic ring which is satutht@ partially unsaturated, containing where
possible 1 or 2 ring members independently selefcted N, NR?, NR®R'+ and O, and 2 to 5
carbon atoms; heterocyclyl may optionally be stwbstd with C1-C6 alkyl, C1-C6 carboxylic
acid or C1-C6 alkyl substituted with’R

heteroaryl is a 5 or 6 membered aromatic ring ¢omg, where possible, 1, 2 or 3 ring members
independently selected from N, KRNR*R"*+ and O; heteroaryl may optionally be substituted
with C1-C6 alkyl, C1-C6 carboxylic acid or C1-Céglsubstituted with R

R™ and R* are independently selected from H, C1-6 alkyl, @8lcarboxylic acid and C1-C6
alkyl substituted with R

alkyl is a linear or branched saturated hydrocarbon

R" is selected from S®, SO;, COO, CONH,, COOR? CONRR®, tetrazole, OH and NRR**:
C1-6 carboxylic acid means —COOH or a C1-5 alkgictsubstituted with COOH

and tautomers, solvates, zwitterions and saltedfier

7. The method of any one of claims 1 to 6, wherein tda@sduction compound is a non-detergent

betaine (NDB) or a derivative thereof.

8. The method of claim 7, wherein the transduction poumd has the general formula:

x/\/\v "

wherein

X is selected from NFR? and NRR?R®+;

Y is selected from Sgi, SOy, COO, CONH,, COOR*?andCONRR®,

R', R’ and R, are each independently selected from H and Clky8 which may optionally be
substituted with OH or COOH; or'fand B may come together with the nitrogen to which they
attached to form heterocyclyl, preferably piper@irpiperazine or morpholine, which may be
optionally substituted; or when X is NIR'R*+, R may be absent and'@nd B may come together
with the nitrogen to which they are attached torfdreteroaryl, preferably pyridyl, which may be
optionally substituted;

and all other groups are as defined in formulaolvab

The method of any one of claims 6 to 8 whereintthasduction compound contains a quaternary
nitrogen group and wherein the quaternary nitrdggrart of an aliphatic or aromatic ring structure.

10. The method of any one of claims 6 to 9 the tramsodncompound is a compound of formula | or Il

wherein X is
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11.

12.

13.

14.

15

16.

17

18.

19

20.

21

z

(@) ;
Z is selected from C(R),, NR*, NR“R*+ and O;
each R’ is independently selected from H, C1-6 alkyl, Ga-€rboxylic acid and C1-C6 alkyl
substituted with R
R® is selected from H, C1-6 alkyl, C5-10 aryl, C64dralkyl, COR; C1-6 alkyl, C5-10 aryl and
C6-15 aralkyl may optionally be substituted with, ®H or COOH. Preferably Rs —CH;;

R™ and R* are independently selected from H, C1-6 alkyl, @lcarboxylic acid and C1-C6
alkyl substituted with R

The method of any one of the preceding claims, aihdghe transduction compound is selected from
the compounds in Table 1.

The method of any one of the preceding claims, ®inghe transduction compound is any compound
that has 30% or more transduction efficiency cormgao reference compound #1 in Table 1.

The method of any one of the preceding claims, wihethe osmoprotectant is glycine and/or
glyceroal.

The method of any one of the preceding claims, gihethe transduction buffer further comprises a
biological pH buffer, a viscosity enhancer and/grawth factor.

. The method of claim 14, wherein the biological pidfer is PBS, TES or HEPES.

The method of claim 14 or claim 15, wherein theo@ty enhancer is polyvinylpyrrolidone (PVP).

. The method of any one of claims 14 to 16, wherbi&ndrowth factor is selected from EGF, FGF,

HGF, BDNF, PDGF, VEGF or IGF, or is any combinattbareof.

The method of any one of the preceding claims, sihethe osmolality of the transduction buffer is
in the range of about 300 mOsm/kg to about 1000miks or about 300 mOsm/kg to about 2000
mOsm/kg or about 300 mOsm/kg to about 3000 mOsm/kg.

. The method of any one of the preceding claims, ®ihethe transduction compound is at a

concentration of between about 0.1 mM and aboutrBR0

The method of any one of the preceding claims, ®ihethe osmoprotectant is at a concentration of
between about 5 and about 500 mM.

. The method of any one of the preceding claims, sihahe molecule of interest is a peptide, protein,

nucleic acid, polysaccharide, small molecule, Jesitanoparticle, virus or a single-celled organism
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22

23.

24

25.

26

27.

28

29.

30

31.

32.

33.

34.

35.

36.

37.

. The method of any one of the preceding claims, gihaghe molecule of interest is between about 30

and about 200 kDa, or between about 1 and abouki280

The method of any one of the preceding claims, aihethe molecule of interest is an enzyme for
modifying nucleic acid, for example an endonucleasse nuclease, for example selected from zinc
finger nucleases, TALENS, Cas9, Cas9 analogs, Ditdeted Fokl-nuclease-associated proteins,
Cascade, TtAgo or Argonaute proteins or their dgies.

. The method of any one of the preceding claims, gihethe cell is a mammalian cell, such as a

human cell.

The method of any one of the preceding claims, wihehe cell is a stem cell, such as an embryonic
stem cell or a neural stem cell, or a differentlatell, such as a neuron or a dendritic cell.

. The method of any one of the preceding claims, aihahe cell is a primary cell.

The method of any one of the preceding claims, wihethe cell is contacted with two, three, four or
more molecules of interest.

. The method of any one of the preceding claims, gihghe method is performen vitro.

The method of any one of the preceding claims, ®ihehe method is performéd vivo.

. The method of any one of the preceding claims, @ihahe transduction is by macropinocytosis.

A cell or population of cells transduced by the moek of any one of claims 1 to 30.

A transduction buffer as recited in any one ofralail to 30 for use in a method of any one of claims
1 to 30.

The transduction buffer of claim 32, wherein thensduction buffer further comprises a molecule of
interest for transduction.

Use of a transduction buffer according to claim @2claim 33, in a method for transducing a
molecule of interest into a cell, wherein the meti®according to any one of claims 1 to 30.

A pharmaceutical composition comprising the traetida buffer of claim 32 or claim 33.

The transduction buffer according to claim 32 airol 33, or the pharmaceutical composition of
claim 35, for use in therapy or diagnosis.

Use of an osmoprotectant, optionally glycine andfgcerol, in a method for transducing a molecule
of interest into a cell, for example, wherein thethod is according to any one of claims 1 to 30.
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38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

Use of a transduction compound selected from Thltar transducing a molecule of interest into a
cell for example, wherein the method is accordmgry one of claims 1 to 30.

A compound selected from compountl0, #11, #16#42,#34, #41, #40, #39, #33, #15, #11, #36
and #46 in Table 1.

A method for modifying a nucleic acid, such as agje sequence, in a cell, wherein the method
comprises contacting said cell with a protein cégab modifying a nucleic acid and a transduction
buffer, wherein the transduction buffer comprisgsa( transduction compound, (i) a salt or an
activator/enhancer of a sodium-hydrogen transpaatet preferably (iii) an osmoprotectant.

The method of claim 40, wherein the protein capaiflenodifying a nucleic acid is inherently
targeted to a specific target sequence, for exampkrein the protein is a zinc finger nucleaseor a
TALEN, Cas9, a Cas9 analog, a DNA-targeted Foklgage-associated protein, a Cascade complex,
a TtAgo protein or other Argonaute protein or trd@rivatives.

The method of claim 40, wherein the cell is furtieentacted with a guide molecule to direct the
protein to a target genetic sequence.

The method of any one of claims 40 to 42, wheretndsmolality is adjusted tzetween about 1000
mOsm/kg and about 1500 mOsm/kg, preferably abob® h20sm/kg.

The method of any one of claims 40 to 43, wheréi@ transduction compound is used at a
concentration of about 200 nM to about 400 nM, gnagbly about 250 mM.

The method of any one of claims 40 to 44, wherbim transduction buffer further comprises an
inhibitor of the interferon response pathway, feamaple,B18R.

The method of any one of claims 40 to 45, whereBenrhethod further comprises isolating or using
the modified cell.

A modified cell obtainable by the method of any ahelaims 40 to 46.
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