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ENHANCED hAT FAMILY TRANSPOSON-MEDIATED GENE TRANSFER AND
ASSOCIATED COMPOSITIONS, SYSTEMS, AND METHODS
CROSS-REFERENCE
{0081} This application claims the benefit of U.S. Provisional Application No. 62/435,522,

filed December 16, 2016, which application 1s incorporated herein by reference in 1fs entirety.

BACKGROUND OF THE INVENTION
f0092] Transposable genetic elements, also called transposons, are segments of DNA that can
be mobilized from one genomic location to another within a single cell. Transposons can be
divided into two major groups according to their mechanism of transposition: transposition can
oceur (1) via reverse transcription of an RNA intermediate for elements termed retrotransposons,
and (2} via direct transposition of BDNA flanked by ternunal inverted repeats (TIRs) for DNA
transposons. Active transposons encode one or more proteins that are required for transposition.
The natural active DNA transposons harbor a transposase enzyme gene.
[0003] DNA transposons in the hAT famuly are widespread in plants and animals. A number
of active hAT transposon systems have been identified and found to be functional, including but
not limited to, the Hermes transposon, Ac transposon, hobo transposon, and the Tol2 transposon.
The hAT family is composed of two famsihics that have been classified as the AC subfamily and
the Buster subfamuly, based on the primary sequence of their transposases. Members of the hAT
family belong to Class I transposable clements. Class 1 mobile elements use a cut and paste
mechanism of transposition. hAT clements share similar transposases, short terminal inverted
repeats, and an cight base-pairs duplication of genomic target.

SUMMARY OF THE INVENTION

{0084] Onc aspect of the present disclosure provides a mutant TcBuster transposase,
comprising an amino acid sequence at least 70% identical to full-length SEQ ID NO: | and
having one or more amino acid substitutions that increase a net charge at a neutral pH
comparison to SEQ ID NG 1. In some embodiments, the mutant TeBuster transposase has
increased transposition efficiency in comparnison to a wild-type TcBuster transposase having
amino acid sequence SEQ ID NGO 1.
{0083} Another aspect of the present disclosure provides a mutant TcBuster transposase,
comprising an anuno acid sequence at least 70% identical to full-length SEQ ID NO: 1 and
having one more amino acid substitutions in a DNA Binding and Oligomerization domain; an

insertion domain; a Zn-BED domain; or a combination thereof.  In some embodiments, the
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mutant TcBuster transposase has increased transposition efficiency in comparison to a wild-type
TeBuster transposase having amino acid sequence SEQ IDNO: 1

[B006]  Yet another aspect of the present disclosure provides a mutant TcBuster transposase
comprising an amino acid sequence at least 70% identical to full-length SEQ ID NO: 1 and
having one or more amino acid substitutions from Table 1.

i0097]  In some embodiments, a mutant TcBuster ransposase comprises one Or Hiore amino
acid substitutions that increase a net charge at a neutral pH within or in proximity to a catalvtic
domain in comparison to SEQ 1D NO: 1. In some embodiments, the mutant TcBuster
transposase comprises one or more amino acid substitutions that increase a net charge at a
neutral pH in comparison to SEQ 1D NG: 1, and the one or more amino acids are located m
proximity to D223, D289, or E589, when numbered m accordance to SEQ ID NO: 1. In some
embodiments, the proximity is a distance of about 80, 75, 70, 60, 50, 40, 30, 20, 10, or 5 amino
acids. In some embodiments, the proxamity s a distance of about 70 to 80 amino acids.

{6008} In some embodiments, the amino acid sequence of the mutant TeBuster transposase 1s at
least 80%, at least 90%, at least 95%, at least 98%, or at least 99% wlentical to full-length SEQ
D NO: 1.

{009%] In some embodiments, the one or more aming acid substitutions comprise a substritution
to a lysine or an arginine. In some embodiments, the one or more amino acid substitutions
comprise a substitution of an aspartic acid or a glutamic acid to a noutral amino acid, a lysine or
an arginine. In some embodiments, the mutant TeBuster transposase comprises one or more
amino acid substitutions from Table 4. In some embodiments, the mutant TcBuster transposase
comprises one of more aming acid substitutions from Table 2. In some embodiments, the
mutant TcBuster transposase conprises one or more amino acid substitutions from Table 3. In
some embodiments, the mutant TcBuster transposase comprises amino acid substitutions V3777,
E469K, and D189 A, when numbered i accordance with SEQ ID NO: 1. In some embodiments,
the mutant TcBuster transposase comprises amino acid substitutions K373E and E578L, when
numbered i accordance with SEQ ID NG: 1. In some embodiments, the nutant TcBuster
transposase comprises aming acid substitution 452K, when numbered in accordance with SEQ
D NO: 1. In some embodiments, the mutant TcBuster transposase comprises amino acid
substitution A358K, when numbered in accordance with SEQ ID NG: 1. In some embodiments,
the mutant TcBuster transposase comprises amino acid substitution V297K, when numbered in
accordance with SEQ 1D NO: 1. In some cmabodiments, the mutant TcBuster transposase
comprises amino acid substitution N838, when mumbered in accordance with SEQ ID NG: 1. In

some embodiments, the mutant TcBuster transposase comprises amino acid substitutions [452F,
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V377T, E469K, and D189A, when numbered in accordance with SEQ ID NO: 1. Insome
embodiments, the mutant TcBuster transposase comprises amino acid substitutions A358K,
/377T, E469K, and D18YA, when numbered in accordance with SEQ 1D NG |, Insome
embodiments, the mutant TcBuster transposase comprises amino acid substitutions V3771,
E469K, DI89A, KS73E and E578L, when numbered in accordance with SEQ ID NG: 1.
{6010} 1o some embodiments, the transposition efficiency is measured by an assay that
comprises introducing the mutant TeBuster transposase and a TcBuster transposon containing a
reporter cargo cassette into a population of cells, and detecting transposition of the reporter cargo
cassette m genome of the population of cells.
[0011] Yet another aspect of the present disclosure provides a fusion transposase comprising a
TcBuster transposase sequence and a DNA sequence specific binding domatn. In some
embodiments, the TcBuster transposase sequence has at lcast 70% identity to full-length SEQ ID
NO: 1.
{6012} Insome embodiments, the DNA sequence specific binding domain comprises a TALE
domain, zinc finger domain, AAV Rep DNA-binding domain, or any combmation thereof. In
some embodiments, the DNA sequence specific binding domain comprises a TALE domain.
{0013} Insome embodiments, the TcBuster transposase sequence has at feast 80%, at least
90%, at lcast 5%, at lcast 98%, or at least 99% identity to full-length SEQ ID NO: 1. In some
embodiments, the TcBuster transposase sequence comprises one or more aming acid
substitutions that increase a net charge at a neutral pH m comparison to SEQ ID NO: 1. Tn some
embodiments, the TeBuster transposase sequence comprises one or more amino acid
substitutions in a DNA Binding and Oligomerization domain; an msertion domain; a Zn-BED
domain; or a combination thercof. In some emboduments, the TcBuster transposase sequence
comprises ong or more amino acid substitutions from Table 1. In some embodiments, the
TcBuster transposase sequence has increased transposition efficiency in comparison to a wild-
type TcBuster transposase having amine acid sequence SEQ IDNO: 1. In some embodiments,
the TcBuster transposase sequence comprises one or more amino acid substitutions that increase
a net charge at a neutral pH within or in proximity to a catalytic domain in comparison to SEQ
D NO: 1. In some embodiments, the TcBuster transposase sequence comprises one or more
amino acid substitutions that increase a net charge at a neutral pH m comparison to SEQ [D NO:
1, and the one or more amine acid substitutions are located m proximity to D223, D289, or E589,
when numbered in accordance to SEQ ID NO: 1. In some embodiments, the proximity is a
distance of about 80, 73, 70, 60, 50, 40, 30, 20, 10, or 5 amino acids. In some embodiments, the

proximity is a distance of about 70 to 80 amino acids. In some embodiments, the TcBuster
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transposase sequence comprises one or more amino acid substitutions from Table 2. In some
embodiments, the TeBuster transposase sequence comprises one or more aming acid substitutions
from Table 3. In some embodiments, the TcBuster transposase sequence comprises aming acid
substitutions V377T, E469K, and DI189A, when mumbered in accordance with SEQIDNG: 1. In
some enbodiments, the TcBuster transposase sequence comprises amino acid substitutions K573E
and E5781., when numbered in accordance with SEQ ID NO: 1. In some embodiments, the
TeBuster transposase sequence comprises amino acid substitution [452K, when numbered in
accordance with SEQ 1D NO: 1. In some embodiments, the TcBuster transposase sequence
comprises amino acid substitution A3S8K, when numbered in accordance with SEQ ID NG: 1.
In some embodiments, the TeBuster transposase sequence comprises amino acid substitution
V297K, when numbered in accordance with SEQ ID NG: 1. In some embodiments, the TcBuster
transposase sequence comprises aminge acid substitution N85S, when numbered in accordance
with SEQ ID NO: 1. In some embodiments, the TcBuster transposase sequence comprises anino
actd substitutions K452F, V377T, E469K, and D189A when mumbered in accordance with SEQ
D NG 1. Insome embodiments, the TeBuster transposase sequence comprises amino acid
substitutions A338K, V377T, E469K, and D189A, when numbered in accordance with SEQ D
NQO: 1. 1Insome embodiments, the TcBuster transposase sequence comprises amino acid
substitutions V377T, E469K, D18%A, K573E and E578L, when numbered in accordance with
SEQ ID NO: 1. Insome embodiments, the TcBuster transposase sequence has 100% dentity to
full-length SEQ ID NG |

{6814} Insome embodiments of a fusion transposase, the TcBuster transposase sequence and
the DNA sequence specific binding domain are separated by a linker. In some embodiments, the
linker compriscs at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least
190, at least 15, at least 20, or at least 50 amino acids. In some embodiments, the linker comprises
SEQIDNO: 9.

[0013] Yet another aspect of the present disclosure provides a polynucleotide that codes for the
mutant TcBuster transposase as described herein.

{8016} Yet another aspect of the present disclosure provides a polynucieotide that codes for the
fusion transposase as described herein.

{0017} In some embodiments, the polynucleotide comprises DNA that encodes the nmutant
TcBuster transposase or the fusion transposase. In some embodiments, the polynucleotide
comprises messenger RNA (mRNA) that encodes the mutant TcBuster transposase or the fusion
transposase. In some embodiments, the mRNA is chemically modified. In some embodiments,

the polynocleotide comprises nucleic acid sequence encoding for a transposon recognizable by
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the mutant TcBuster transposase or the fusion transposase. In some embodiments, the
polynucieotide is present in a DNA vector. In some embodiments, the BNA vector comprises a
mini-circle plasmid.

{0018} Yet another aspect of the present disclosure provides a cell producing the mutant
TcBuster transposase or fusion transposase as described herein. Yet another aspect of the
present disclosure provides a cell containing the polynucleotide as described herein.

[0819} Yet another aspect of the present disclosure provides a method comprising: introducing
into a cell the mutant TcBuster transposase as described herein and a transposon recognizable by
the mutant TcBuster transposase.

[0020] Yet another aspect of the present disclosure provides a method comprising: introducing
into a cell the fusion fransposase as described herein and a transposon recognizable by the fusion
transposase.

[0821} Insome embodiments of a method, the mtroducing comprises contacting the cell with a
polvmucieotide encoding the mutant TcBuster transposase or the fusion transposase. In some
embodiments, the polynucleotide comprises DNA that encodes the mutant TcBuster transposase
or the fusion transposase. In some embodiments, the polynucleotide comprises messenger RNA
(mRNA} that encodes the mutant TeBuster transposase or the fusion transposase. In some
embodiments, the mRNA is chemically modified.

{0022} Insome embodiments of a method, the mtroducing comprises contacting the cell with a
DNA vector that contains the transposon. In some embodments, the DNA vector comprises a
mini-circle plasmid. In some embodiments, the introducing comprises contacting the cell with a
plasmid vector that contains both the transposon and the polynucleotide encoding the mutant
TeBuster transposase or the fusion transposase. In some embodiments, the introducing
comprises contacting the cell with the mutant TeBuster transposase or the fusion transposase as a
purified protein.

[0023] In some embodiments of a method, the transposon comprises a cargo cassetie posthioned
between two nverted repeats. In some embodiments, a left inverted repeat of the two nverted
repeats comprises a sequence having at least 50%, at least 60%, at least 809%, at least 90%, at
least 93%, at least 98%, or at least 99% identity to SEQ ID NO: 3. In some embodiments, a left
inverted repeat of the two mverted repeats comprises SEQ ID NO: 3. In some embodiments, a
right nverted repeat of the two inverted repeats comprises a sequence having at least 50%, at
least 60%, at least 80%, at least 90%, at least 95%, at least 98%, or at least 99% identity to SEQ
D NG 4. In some embodiments, a right inverted repeat of the two inverted repeats comprises

SEQID NG: 4. In some embodiments, a left inverted repeat of the two inverted repeats
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comprises a sequence having at least 50%. at least 60%, at least 80%, at least 90%, at least 93%,
at least 98%, or at least 99% identitv to SEQ 1D NO: 5. Tn some embodiments, a left mverted
repeat of the two nverted repeats comprises SEQ ID NGO: 5. In some embodiments, a right
inverted repeat of the two mverted repeats comprises a sequence having at feast 50%, at least
60%, at least 80%, at least 90%, at least 95%, at least 98%, or at least 99% identity to SEQ ID
NO: 6. In some embodiments, a right inverted repeat of the two 1nverted repeats comprises SEQ
ID NO: 6. In some embodiments, the cargo cassette comprises a promoter selected from the
group consisting off CMV, EFS, MND, EF la, CAGCs, PGK, UBC, Us, Hi, and Cumate. In
some embodiments, the cargo cassette comprises a CMV promoter. In some embodiments, the
cargo cassette is present in a forward direction. In some embodiments, the cargo cassette is
present in a reverse direction. In some embodiments, the cargo cassette comprises a transgene.
In some embodiments, the transgene codes for a protein selected from the group consisting of: a
cellular receptor, an vnnunological checkpout protein, a cvitokine, and any combination thereof.
In some embodiments, the transgene codes for a cellular receptor selected from the group
consisting of: a T cell receptor (TCR), a B cell receptor (BCR), a chimeric antigen receptor
(CAR), or any combination thereof. In some embodiments, the introducing comprises
transfecting the cell with the aid of electroporation, micromjection, calcium phosphate
precipitation, cationic polvmers, dendrimers, liposome, microprojectile bombardment, fugene,
direct sonic loading, cell squeczing, optical transfection, protoplast fusion, impalefection,
magnetotection, nuclesfection, or any combination thereof. In some embodiments, the
ntroducing comprises electroporating the cell.

{00247  In some embodiments of a method, the cell is a primary cell 1solated from a subject. In
some embodiments, the subject is a human. In some embodiments, the subject is a patient with a
discase. In somce embodiments, the subject has been diagnosed with cancer or tumor. In some
embodiments, the cell is isolated from blood of the subject. In some embodiments, the cell
comprises a primary immune cell. In some embodiments, the cell comprises a primary
levkocyte. In some embodiments, the cell comprises a primary T cell. In some embodiments,
the primary T cell comprises a gamma delta T cell, a helper T cell, a memory T cell, a natural
killer T cell, an effector T cell, or any combination thereof. In some embodiments, the primary
immune cell comprises a CD3+ cell. In some embodiments, the cell comprises a stem cell. In
some embodiments, the stem cell is selected from the group consisting of: embryonic stem cell,
hematopoietic stem cell, epidermal stem cell, epithelial stem cell, bronchoalveolar stem cell,

mammary stem cell, mesenchymal stem cell, intestine stem cell, endothelial stem cell, neural
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stem cell, olfactory adult stem cell, neural crest stem cell, testicular cell, and any combination
thereof. In some embodiments, the stem cell compnses mnduced pluripotent stem cell.

fB025] Yet another aspect of the present disclosure provides a method of treatment,
comprising: {(a) introducing mto a cell a transposon and the mutant TcBuster transposase or the
fusion transposase as described herein, which recognize the transposon, thereby generating a
genctically moditied cell; (b} administering the genctically moditied cell to a patient in need of
the treatment. In some embodiments, the genetically modified cell comprises a transgene
wtroduced by the transposon. In some embodiments, the patient has been diagnosed with cancer
ortumor. In some embodiments, the administering comprises transfusing the genctically
modified cell into blood vessels of the patient.

{0026} Yet another aspect of the present disclosure provides a system for genome editing,
comprising: the mutant TeBuster transposase or fusion transposase as described herein, and a
transposon recognizable by the mutant TcBuster transposase or the fusion transposase.

{8027} Yet another aspect of the present disclosare provides a system for genome editing,
comprising: the polvauclestide encoding a mutant TcBuster transposase or fusion transposase as
described herein, and a transposon recognizable by the mutant TeBuster transposase or the
fusion transposase.

{3028} Insome embodiments of a system, the polynucleotide comprises DNA that encodes the
mutant TcBuster transposase or the fusion transposase. In some embodiments, the
polymucleotide comprises messenger RNA (mRNA) that encodes the mutant TeBuster
transposase or the fusion transposase. In some embodiments, the mRNA is chemically modified.
In some embodiments, the transposon is present in a DNA vector. In some embodiments, the
DINA vector comprises a mini-circle plasmid. In some embodiments, the polynucleotide and the
transposon are prosent in a same plasmid. In some embodiments, the transposon comprises a
cargo cassette positioned between two wverted repeats. In some erabodiments, a left inverted
repeat of the two inverted repeats comprises a sequence having at least 50%, at least 60%, at
least 80%, at least 90%, at least 959, at least 98%, or at least 99% identitv to SEQ IDNG: 3. In
some embodiments, a left inverted repeat of the two inverted repeats comprises SEQ IDNO: 3.
In some embodiments, a right inverted repeat of the two inverted repeats comprises a sequence
having at least 50%, at least 60%, at least 80%, at least 90%, at least 95%, at least 98%, or at
least 99% identity to SEQ ID NO: 4. In some embodiments, a right inverted repeat of the two
inverted repeats comprises SEQ ID NO: 4. In some embodiments, a left inverted repeat of the
two inverted repeats comprises a sequence having at least 50%, at least 60%, at least 809, at

least 90%, at least 95%, at least 98%, or at least 99% identity to SEQ ID NG S, In some
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embodiments, a lefl inverted repeat of the two inverted repeats comprises SEQ ID NG: 5. In
some embodinents, a right inverted repeat of the two inverted repeats comprises a seqguence
having at least 50%, at least 60%, at least 80%, at least 90%, at least 95%, at least 98%, or at
least 99% identity to SEQ ID NO: 6. In some embodiments, a right inverted repeat of the two
inverted repeats comprises SEQ ID NO: 6. In some embodiments, the cargo cassetie comprises a
promoter selected from the group consisting off CMVY, EFS, MND, EFia, CAGCs, PGK, UBC,
U6, Hi, and Cumate. In some embodiments, the cargo cassctic comprises a CMY promoter. In
some embodiments, the cargo cassette comprises a transgene. In some embodiments, the
transgene codes for a protein selected from the group counsisting of a cellular receptor, an
immunological checkpoint protein, a cvtokine, and any combination thereof. In some
embodiments, the transgene codes for a cellular receptor selected from the group consisting of a
T cell receptor (TCR), a B cell receptor (BCR), a chimeric antigen receptor {CAR), or any
combination thereof. In some embodiments, the cargo cassette is present in a forward direction.

In some embodiments, the cargo cassette is present in a reverse direction

INCORPORATION BY REFERENCE
{60291 Al publications, patents, and patent apphications mentioned in this specification are
herein incorporated by reference to the same extent as if each individual publication, patent, or
patent application was specifically and ndividually indicated to be incorporated by reforence.
To the extent that a term incorporated by reference conflicts with a term defined herein, this

specification controls.

BRIEF DESCRIPTION OF THE DRAWINGS
{0038} The novel features of the invention are set forth with particolarity in the appended
claims. A better understandmg of the features and advantages of the present invention will be
obtained by reference to the following detailed description that sets forth iHustrative
embodiments, in which the principles of the invention are utilized, and the accompanying
drawings of which:
{60311 Fig. 1 shows the transposifion efficiency of several exemplary TeBuster transposon
vector constructs, as measured by percent of mCherry positive cells in cells that were transfected
with wild-type (WT) TcBuster transposase and the exemplary TcBuster transposous.
{8032} Fig. 2 shows nucleotide sequence comparison of exemplary TeBuster IR/DR sequence
1 and sequence 2.
{#0633] Fig. 3A shows representative bright-field and fluorescent images of HEK-293T cells 2

weeks after transfection with exemplary TcBuster transposon Tn-# (containing puro-mCherry
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cassette; Hlustrated in Fig. 1) and WT TcBuster transposase or V596 A mutant transposase
{contaiming V396A substitution). The transfected cells were plated in 6-well plate with 1 pg/mL
puromycin 2 days postiransfoction, and were fixed and stained 2 weeks posttransfection with
crystal violet for colony quantification. Fig. 3B shows representative pictures of the transfected
cell colonies in 6-well plate 2 weeks posttransfection. Fig. 3C is a graph showing the
quantification of colonies per each transfection condition 2 weeks posttransfection.

[0034] Fig. 4 depicts the amine acid scquence alignment of TcBuster transposase versus a
number of transposases in AC subfamily, with only regions of amino acid conservation being
shown.

[6035] Fig. 5 deptcts the amino acid sequence alignment of TcBuster transposase versus a
munber of other transposase members in Buster subfamily. Certain exemplary amino acid
substitutions are indicated above the protein sequences, along with the percentage shown on top
of the alignment 18 the percentage of other Buster subfamily roembers that contain the anuno
acid that is contemplated being substituted into the TeBuster sequence, and the percentage
shown below is the percentage of other Buster subfamily members that contain the canonical
TeBuster amino acid at that position.

[0036] TFig. 6 shows a vector map of an exemplary expression vector pcDNA-DEST40 that was
used to test TeBuster transposase mnstants.

{0037} Fig.7 is a graph quantifying the transposition efficiency of exemplary TeBuster
transposase mutants, as measured by percent of mCherry positive cells in HEK-293T cells that
were transfected with TcBuster transposon Tn-8 (dlustrated in Fig. 1) with the exemplary
{ransposase mutants.

{0038} Fig. 8 depicts one exemplary fusion transposase that contains a DNA sequence specific
binding domain and a TcBuster transposase sequence joined by an optional linker.

{0039} Fig. 9 is a graph quantifving the transposition efficiency of exemplary TeBuster
transposases containing different tags as measured by percent of mCherry positive cells in HEK-
2937 cells that were transfected with TeBuster transposon To-8 (dlustrated in Fig, 1) with the
exemplary transposases containing the tags.

{0040] Fig. 18A is a graph quantifving the transposition efficiency of exemplary TcBuster
transposition systems in human CD3+ T cells as measured by percent of GFP positive cells. Fig.
10B is a graph quantifying viabilitv of the transfected T cells 2 and 7 days post-transfection by
flow cytometry. Data is relative to pulse control.

{8041} Fig. 11 shows amino acid sequence of wild-type TcBuster transposase with certain

amino acids annotated (SEQ ID NG: 1),
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[0042] TFig. 12 shows amino acid sequence of mutant TcBuster transposase containing amino
acid substitutions D189A/NV3TTT/EAG9K (SEQ 1D NO: 78).

[B043] TFig. 13 shows amine acid sequence of mutant TcBuster transposase containing amino
acid substitutions BI8SA/VITTT/E469K/I452K(SEQ 1D NG: 79).

[0044] Fig. 14 shows anino acid sequence of mutant TcBuster transposase containing anuno
acid substitutions DISSA/VITTT/EACOK/NRSS (SEQ 1D NO: 80).

[0845] Fig. 15 shows amino acid sequence of mutant TcBuster transposase containing amino
acid substitutions DI8OA/V3ITTT/EA69K/A3S8K (SEQ 1D NO: 81).

[B046] TFig. 16 shows amine acid sequence of mutant TcBuster transposase containing amino

acid substitutions DI8OA/NV3TTT/E4GOK/KSTIR/AESTEL (SEQ 1D NO: 13).

DETAILED DESCRIPTION OF THE INVENTION
[6047} Overview
[0048] DNA transposons can translocate via a non-rephicative, ‘cut-and-paste” mechanism.
This requires recognition of the two terminal inverted repeats by a catalytic enzyvme, i.e.
transposase, which can cleave s target and consequently release the DNA transposon from its
donor template. Upon excision, the DNA transposons may subsequently integrate mnto the
acceptor DNA that is cleaved by the same transposase. In some of their natural configurations,
DNA transposons are flanked by two inverted repeats and may contain a gene encoding a
transposase that catalyzes transposition.
[8049] For genome cditing applications with DNA transposons, it is destrable to design a
transposon to develop a binary system based on two distinct plasmids whereby the transposase is
physically separated from the transposon DNA containing the gene of interest flanked by the
wnverted repeats. Co-delivery of the transposon and transposase plasmids into the target cells
cnables transposition via a conventional cut-and-paste mechanism.
[0030] TcBuster is a member of the BAT family of BNA transposons. Other members of the
family include Sleeping Beautv and PiggBac. Discussed heremn are various devices, systems and
methods relating to synergistic approaches to enhance gene transfer into haman hematopoietic
and munune system colls using hAT fanuly transposon components. The present disclosure
relates to mproved hAT transposases, transposon vector sequences, transposase delivery
methods, and transposon delivery methods. In one implementation, the present study wentified
specific, universal sites for making hyperactive hAT transposases. In another implomentation,
methods for making minimally sized hAT transposon vector mverted terminal repeats (ITTRs)

that conserve genomic space are described. In another implementation, improved methods to
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deliver hAT family transposases as chemically modified in vitro transcribed mRNAs are
described. In another implementation, methods to deliver hAT family transposon vectors as
“muuature” circles of DNA are described, in which virtually all prokaryotic sequences have been
removed by a recombmation method. In another implementation, methods to fase DNA
sequence specific binding domains using transcription activator-like {TAL) domains fused to the
BAT transposases are described. These naprovements, individuatly or in combination, can vield
unexpectedly high levels of gene transfer to the cell types in question and improvements in the
delivery of transposon vectors 1o sequences of interest.

{6051} Mutant TcBuster Transposase

[0052]  One aspect of the present disclosure provides a mutant TeBuster transposase. A nutant
TcBuster transposase may coOmprise one or more amine acid substitutions in comparison to a
wild-type TcBuster transposase (SEQ ID NO: 1),

f0053] A mutant TcBuster transposase can comprise an anino acid sequence having at least
70% sequence identity to full length sequence of a wild-type TcBuster transposase {(SEQ ID NO:
1}. In some embodiments, a mutant TcBuster transposase can comprise an amino acid sequence
having at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence identity to full length
sequence of a wild-type TcBuster transposase (SEQ 1D NO: 1}, In some cases, a mutant
TcBuster transposase can comprise an amino acid sequence having at least 98%, at least 98.5%,
at feast 99%, at least 99.19%, at least 99 29, at least 99.3%, at least 99 4%, at least 99.5%, at least
99 6%, at least 99.7%, at least 99.8%, at least 99.9%, or at least 99.95% sequence identity to full
length sequence of a wild-type TcBuster transposase (SEQ ID NO: 1),

[0054] A mutant TcBuster transposase can comprise an anmino acid sequence having at least
one amino acid different from full length sequence of a wild-type TcBuster transposase (SEQ 1D
NO: 1), In some embodiments, a mutant TcBuster transposase can comprise an ammno acid
sequence having at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least
9, at least 10, or more amino acids different from full length sequence of a wild-type TcBuster
transposase (SEQ ID NG 1), In some cases, a mutant TcBuster transposase can comprise an
amino acid sequence having at least 5, at least 10, at least 20, at least 30, at least 40, at least 50,
at least 60, at least 70, at least 80, at least 90, at least 100, at keast 200, or at least 300 anuno acid
different from full length sequence of a wild-type TeBuster transposase (SEQIDNG: 1) In
some cases, a mutant TeBuster transposase can comprise an amino acid sequence having at most

3, at most 6, at most 12, at most 23, at most 35, at most 43, at most 35, at most 65, at most 75, at
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most 85, at most 95, at most 150, at most 2350, or at most 350 amino acid different from full
length sequence of a wild-tvpe TcBuster transposase (SEQ 1D NO: 1)

[BB55]  As shown in Fig. 4, typically, a wild-type TcBuster transposase can be regarded as
comprising, from N terminus to € terminus, a ZnF-BED domain {(amino acids 76-98), a DNA
Binding and Oligomerization domain {amino acids 112-213), a first Catalytic domain (ammo
acids 213-312), an lusertion domain (amine acids 312-543), and a sccond Catalytic domain
{amino acids 583-620}, as well as at feast four mter-domam regions 1 between these annotated
domains. Unless indicated otherwise, numerical references to amino acids, as used herein, are
all in accordance to SEQ ID NO: 1. A mutant TcBuster transposase can comprise one or more
amino acid substitutions in any one of these domains, or any combination thercof, In some
cases, a mutant TcBuster transposase can comprise one or more aming acid substitutions in Znk-
BED domain, a BNA Binding and Gligomerization domain, a first Catalytic domain, an
Insertion domain, or a combination thereof. A mutant TeBuster transposase can comprise ong or
more amino acid sabstitutions in at least one of the two catalytic domains.

[0056] An cxemplary mutant TcBuster transposase can comprise one or more aming acid
substitutions from Table 1. Sometimes, a mutant TcBuster transposase can comprise at least one
of the aming acid substitutions from Table 1. A mutant TcBuster transposase can comprise at
least 2, at least 3, at least 4, at least S, at least 6, at least 7, at least 8, at least 9, at least 10, at

least 20, at feast 30, or more of the amino acid substitutions trom Table 1.

Table |
Amine Acid of Wild-type
TeBuster Transposase (SEQ ID Amine Acid Sabstitution
NG: §)
082 Q82E
N85 N8558
D99 D99A
D132 Di32A
Q151 Q1518
Q151 Q151A
E153 Els3K
E153 EI53R
Al54 Al54P
Y155 Y135H
E159 E159A
T171 TI7iK
Ti71 TI7IR
K177 KI177E
D183 DI83K
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D183 D183R
DigYy D189A
T191 TI9IE
5193 §193K
$193 S193R
Y20t Y201A
F202 F202D
F202 F202K
€203 2031
€203 C203V
Q1 Q21T
M222 M222L
023 12230
E224 E224G
5225 S225W
D227 227A
R239 R239H
£243 E243A
E247 E247K
P257 P257K
P257 P257R
0258 Q2587
E263 E263A
E263 E263K
E263 E263R
374 E274K
E274 E274R
5278 S278K
N281 N281E
1282 L282K
L282 L28R
K292 K292P
V297 V297K
K299 K2998
A303 A303T
H322 H322E
A332 A3328
A358 A338E
A358 A358K
A358 A3588
D376 D3764
V377 V377T
1380 L380N
1398 398D
1398 13988
1398 1398K
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F400 F400L
V431 V431L
8447 S447E
N450 N450K
N450 N430R
1452 1452F
E469 E469K
K469 K469K
P510 P310D
P310 PSLON
E517 E517R
R536 R5368
V533 V5338
P534 P554T
P559 P559D
P559 P5598
P559 P359K
K573 K573E
E5S78 E578L
K590 K590T
Y595 Y5951
V396 V396A
T398 T398T
K599 K599A
Q615 Q615A
T618 T618K
T618 T618K
T618 T618R
D622 D622K
D622 D622R

£3275 E5275K

{8057}  An exemplary mutant TcBuster transposase comprises one of more aming acid
substitutions, or combinations of substitutions, from Table 2. Sometimes, a mutant TcBuster
fransposase can comprise at least one of the amino acid substitutions, or combinations of
sabstitutions, from Table 2. A mutant TcBuster transposase can comprise at least 2, at least 3, at
least 4, at least 5, at least 6, at least 7, at least 8, atleast 9, at least 10, at least 20, at least 30, or

more of the amino acid substitutions, or combinations of substititions, from Table 2.
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Table 2

Amino Acid of Wild-type
TeBuster Transposase (SEQ
1D NO: 1)

Aming Acid Substitution

V377 and E469 VITTT/EA69K
V377, B469, and R5363 V377T/E469K/RS36S
A332 A3328
V553 and P554 VS338/PS54T
E517 ESI7R
K299 K2998
0615 and T618 Q615A/T618K
5278 S278K
A303 A303T
P510 P510D
P510 P510N
N281 N2818
N281 N281E
K590 K390T
£3273 E3275K
Q258 Q238T
£247 E247K
$447 S447E
N&S N835
V297 V297K
A358 A3SBK
1452 1452F
V377, BA6Y, D189 V37TT/E469K/D 189A
K573, E578 KS73E/ES78L

1452, V377, E469, D189

452F/NV3TTT/EAGOK/DI89A

A358, V377, E469, D189

A3SSK/VITTT/E4GOE/DISOA

K573, B578, V377, B469, D189

K373E/ESTSL/V3TTT/EAGOK/DISSA

T171 T171R
D183 Di83R
5193 S193R
p2s7 P257K
E263 E263R
L1282 L282K
T618 TO18K
D622 Do22R
E183 E133K
N459 N450K
T171 TI7TIK
D183 D143K
5193 S193K
P257 P237
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E263 E263K

1282 L282R

T618 T6I8R

Do22 D622K

E153 EIS3R

N450 N450R
E247,E274, V297, A358 E247K/E274KV29TIK/A3S8K

{6058] An exemplary mutant TcBuster transposase comprises one of more amine acid
substitutions, or combinations of substitutions, from Table 3. Somctimes, a mutant TcBuster
transposase can comprise at least one of the amino acid substitutions, or combinations of
substitutions, from Table 3. A mutant TcBuster transposase can comprise at least 2, at least 3, at
least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 20, at least 30, or

more of the amino acid substitutions, or combinations of substitutions, from Table 3.

Table 3
Amino Acid of Wild-type
TcBuster Transposase Amino Acid Sabstitutions
SEQIBDNG: 1)
V377 and E469 V377TT/E469K
V377, E469, and R53368 V37TT/EAGOE/RS536S
A332 A3328
V553 and P554 V5535/P554T
ESt7 ES17R
K299 K2998
Q615 and T618 QO15A/TOI8K
5278 S278K
A303 A303T
P516 P5SHOD
P510 PSION
N281 N28IS
NZ#t N281E
K590 K5907
E5275 ES5275K
0158 Q2587
E247 BE247K
S447 S447E
N85 N85S
V297 V297K
A358 A358K
352 1452F
V377, E469, D189 V3TTT/E4GOK/DI89A
K373, E578 KS73E/EST8L
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[0059] Hyperactive mutant TcBuster transposase
{0060} Another aspect of the prosent disclosure is to provide a hyperactive mutant TcBuster

b

transposase. A “hyperactive” mutant TcBuster transposase, as used herein, can refer to any
mutant TeBuster transposase that has increased transposition efficiency as compared {o a wild-
type TcBuster transposase having amino acid sequence SEQ ID NO: |

0061}  In some emboduments, a hyperactive mutant TcBuster transposase may have mcreased
transposition efficiency under certain situations as compared to a wild-type TcBuster transposase
having amino acid sequence SEQ ID NG: 1. For example, the hyperactive mutant TcBuster
transposase may have better transposition efficiency than the wild-type TcBuster transposase
when being used to catalyze transposition of transposons having particular types of mverted
repeat sequences. It is possible that with some other transposons having other types of inverted
repeat sequences, the hyvperactive mutant TcBuster transposase does not have increased
transposition efficiency in comparison to the wild-type TcBuster transposase. In some other
non-timiting examples, the hyperactive mutant TcBuster transposase may have increased
transposition efficiency in comparison to a wild-type TcBuster transposase having aming acid
sequence SEQ 1D NO: 1, under certain transfection conditions. Without being limited, when
compared to a wild-type TcBuster transposase, a hyperactive mutant TcBuster transposase may
have better transposition efficiency when the temperature is higher than normal cell culture
temperature; a hyperactive mutant TeBuster transposase may have better transposition efficiency
in a relative acidic or basic aqueous medium; a hyperactive mutant TcBuster transposase may
have better transposition efficiency when a particular type of transfection technique (e.g.
electroporation) is performed.

j0062] Transposition efficiency can be measured by the percent of successtul transposition
events occurring 1n a population of host cells normahized by the amount of transposon and
transposase introduced mto the population of host cells. In many instances, when the
transposition efficiency of two or more transposases is compared, the same transposon construct
18 paired with each of the two or more transposases for transfection of the host cells under same
or similar transfection conditions. The amount of transposition events in the host cells can be
examined by various approaches. For example, the transposon construct may be designed to
contain a reporter gene positioned between the inverted repeats, and transfected cells positive for
the reporter gene can be counted as the cells where successful transposition events occurs, which
can give an estimate of the amount of the transposition events. Another non-limiting example
includes sequencing of the host cell genome to examine the insertion of the cassette cargo of the

transposon. In some embodiments, when the transposition efficiency of two or more different
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transposons is compared, the same transposase can be paired with each ofthe different
transposons for transfection of the host cells under same or similar transfection conditions.
Sumilar approaches can be utilized for the measurement of transposition efficiency. Other
methods known to one skilled 1 the art may also be implemented for the comparison of
transposition cfficiency.

{00631  Also provided herein are methods of obtaining a hyperactive mutant TcBuster
transposase.

{0064} Orne exemplary method can comprise systemically mutating amino acids of TcBuster
transposase to increase a net charge of the amino acid sequence. Sometimes, the method can
comprise performing systematic alanine scanning to mutate aspartic acid (I} or glutamic acid
(E}, which are negativelyv charged at a neutral pH, to alanine residues. A method can comprise
performing systemic mutation to ysing (K} or arginine {R) residues, which are positively
charged at a newtral pH.

{0065} Without wishing to be boand by a particalar theory, increase in a net charge of the
amino acid sequence at a neutral pH may increase the transposition efficiency of the TcBuster
transposase. Particularly, when the net charge is increased i proximity to a catalytic domain of
the transposase, the transposttion efficiency 1s expected to merease. It can be contemplated that
positively charged amino acids can form potnts of contact with DNA target and allow the
catalytic domains to act on the DNA target. It may also be conteraplated that loss of these
positively charged amino acids can decrease either excision or integration activity in
transposases.

[8066] Fig. 11 depicts the WT TcBuster transposase amino acid sequence, highlighting amino
acids that may be points of contact with DNA. In Fig. 11, large bold lettering indicates catalytic
triad amino acids; lettering with boxes indicates amino acids that when substituted to a positive
charged amino acid increases transposttion; italicized and lowercased letiering indicates positive
charged amino acids that when substituted to a different amino acid decreases transposition; bold
italicized and underhined indicates amino acids that when substituted to a positive charged amino
acid increases trapsposition, and when substituted to a negative charged amino acid decreases
transposition; underiined lettering indicates amino acids that could be positive charged aninoe
acids based on protein sequence alignment to the Buster subfanuly.

{00677 A mutant TcBuster transposase can comprise one or more aming acid sabstitutions that
increase a net charge at a neutral pH in comparison to SEQ ID NO: 1. Sometimes, a mutant
TeBuster transposase comprising one or more amino acid substitutions that increase a net charge

at a neutral pH in comparison to SEQ ID NO: 1 can be hyperactive. Sometimes, the mutant
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TeBuster transposase can comprise one or more substitutions to a positively charged amine acid,
such as, but not limited to, lysine (K} or arginine (R). A mutant TcBuster transposasc can
comprise one or more substitutions of a negatively charged amino acid, such as, but not himited
to, aspartic acid {D} or ghitamic acid (E), with a neutral amino acid, or a positively charged
amino acid.

{0068} Onc non-limiting example mcludes a mutant TcBuster transposase that comprises one
or more amino acid substitutions that increase a net charge at a neutral pH within or in proximity
10 a catalytic domain in corparison to SEQ ID NO: 1. The catalytic domain can be the first
catalytic domain or the second catalvtic domain. The catalytic domam can also include both
catalvtic domains of the transposase.

[0069] An exemplary method of the present disclosure can comprise mutating amino acids that
are predicted to be in close proximity to, or to make direct contact with, the BNA. These amino
acids can be substituted anmino acids identified as being conserved in other member(s) of the
hAT famuly {e.g., other members of the Buster and/or Ac subfamilies). The anuno acids
predicted to be in close proximity to, or to make direct contact with, the DNA can be identified,
for example, by reference to a crvstal structure, predicted structures, mutational analysis,
functional analysis, alignment with other members of the hAT family, or any other suitable
method.

[0070] Without wishing to be bound by a particular theory, TcBuster transposase, like other
members of the hAT transposase family, has a DDE motif, which may be the active site that
catalyzes the movement of the transposon. It is contemplated that D223, D289, and E5%9make
up the active site, which is a triad of acidic residues. The DDE motif may coordinate divalent
metal ions and can be poportant in the catalytic reaction. In some embodiments, a mutant
TcBuster transposase can comprise one or more amino acid substitutions that increase a net
charge at a neutral pH in comparison to SEQ ID NO: 1, and the one or more amino acids are
located in proximity to D223, D289, or E589, when numbered in accordance to SEQ ID NO: L
[6671] In certain embodiments, a mutant TcBuster transposase as provided herein does not
comprise any disruption of the catalyvtic triad, 1.e. D223, D289, or E589. A mutant TcBuster
transposase may not comprise any amino acid substitution at D223, D289, or E589. A mutant
TeBuster transposase may comprises amino acid substitution at D223, D289, or E589, but such
substitution does not disrupt the catalytic activity contributed by the catalytic triad.

{0872] Insome cases, the term “proximity” can refer to a measurement of a lincar distance in
the primary structure of the transposase. For instance, the distance between D223 and D289 in

the primary structure of a wild-type TcBuster transposase 1s 66 amino acids. In certain
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embodiments, the proximity can refer to a distance of about 70 to 8¢ amino acids. In many
cases, the proximity can refer to a distance of about 80, 75, 70, 60, 50, 40, 30, 20, 10, or 5 ammo
acids.

{80731 Insome cases, the term “proximity” can refer to a measurement of a spatial relationship
in the secondary or tertiary structure of the transposase, 1.¢. when the transposase folds into its
three dimensional configurations. Protem secondary structure can refer to three dimensional
form of local segments of proteins. Common secondary structural elements include alpha
helices, beta sheets, beta turns and omega loops. Secondary structure clements may form as an
ntermediate before the protein folds nto its three dimensional tertiary structure. Protein tertiary
structure can refer to the three dimensional shape of a protein.  Protein tertiary structure may
exiubit dynamic configurational change under physiological or other conditions. The tertiary
structure will have a single polypeptide chain "backbone” with one or more protein secondary
structures, the protein domains. Aming acid side chains may mnteract and bond in a number of
ways. The interactions and bonds of side chains within a particular protein determine i tertiary
structure. In many implementations, the proximity can refer to a distance of about 1A, about 2A,
about 34, about 8A, about 10A. about 15A, about 204, about 254, about 30A., about 35A, about
40A, about 504, about 60A, about T0A, about $0A. about 90A, or about 100A..

{3074} A ncutral pH can be a pH value arcund 7. Sometimes, a neutral pH can be a pH value
between 6.9 and 7.1, between 6.8 and 7.2, between 6.7 and 7.3, between 6.6 and 7 4, between 6.5
and 7.5, between 6.4 and 7.6, between 6.3 and 7.7, between 6.2-7 .8, between 6.1-7.9, between
6.0-8.0, between 5-8, or in a range derived therefrom.

[8075] Non-limiting exemplary mutant TcBuster transposases that comprise one or more amino
acid substitutions that increase a net charge at a neutral pH in comparison to SEQ ID NOG: |
include TcBuster transposases comprising at least one of the combinations of amino acid
substitutions from Table 4. A mutant TcBuster transposase can comprise at least 2, at least 3, at
feast 4, at least 5, at least 6, at least 7, at least 8, at least 9, atleast 10, at least 20, at least 30, or
more of the amino acid substitutions from Table 4.

{6076} Insome embodiments, a mutant TcBuster ransposase can COMpPrise Gne or More amino
acid substitutions that increase a net charge at a non-neoutral pH in comparison to SEQ 1D NG: |,
In some cases, the net charge 1s increased within or in proximity to a catalytic domain at a non-
neutral pH. In many cases, the net charge is increased i proximity to D223, D289, or E589, at a
non-neutral pH. The non-neutral pH can be a pH value lower than 7, lower than 6.5, lower than
6, lower than 3.5, lower than 5, lower than 4.5, lower than 4, Jower than 3.5, lower than 3, lower

than 2.5, lower than 2, lower than 1.5, or lower than 1. The non-neutral pH can also be apH
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value higher than 7, ligher than 7.5, higher than 8, higher than 8.5, higher than 9, higher than

9.5, or higher than 10.

Table 4

Amino Acid of Wild-type

TeBuster Transposase Amino Acid Substitutions

(SEQIBNO: 1)
247 E247K
E274 E274K
V297 V297K
A33R A358K
85278 S278K
E247 H247R
E274 EZ74R
Y287 VZ97R
A338 A338R
S278 S278R
Ti71 TI7IR
D183 Dig3R
5193 S193R

257 257K

E263 EZ63R
L282 L282K
T618 T613K
D622 D622R
E153 E133K
N430 N430K
1171 Ti71K
D83 DIR3K
5193 S193K
P237 P25TR
£263 E263K
L1282 L282R
T618 To18K
D622 D6Z2ZK
E153 EI53R
N450 N430R

{0877} Inone exemplary embodiment, 8 method can comprise systemically mutating amino
acids in the DNA Binding and Oligomerization domain. Without wishing to be bound bva
particular theory, mutation in the DNA Binding and Oligorerization domain may increase the
binding affinity to DNA target and promote oligomerization activity of the transposase, which
consequentially may promote transposition efficiency. More specifically, the method can
comprise systemically mutating amino acids one by one within or in proximity to the DNA
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Binding and Oligomerization domain (e.g., amino acid 112 to 213}, The method can also
comprise rautating more than one amino acid within or in proxinuty to the DNA Binding and
Oligomerization domain. The method can also comprise mutating one or more amino acids
within or in proximity {o the DNA Binding and Oligomerization domain, together with one or
more amino acids outside the DNA Binding and Oligomerization domain.

i0078] In some embodiments, the method can comprise performing rational replacement of
selective aming acid residues based on multiple sequence alignments of TeBuster with other
hAT tamily transposases {Ac, Hermes, Hobo, Tag2, Tam3, Hermes, Restless and Tol2) or with
other members of Buster subfamily (e.g., AcBuster}, AcBuster2, AcBuster3, BtBustert,
BtBuster?, CfBusterl, and CtBuster?). Without being bound by a certain theory, conservancy of
certain amino acids among other hAT family transposases, especially among the active ones,
may indicate their mportance for the catalytic activity of the transposases. Therefore,
replacement of unconserved amino acids m wild-type TcBuster sequence (SEQ ID NG 1) with
conserved amino acids among other hAT family may vield hyperactive mutant TcBaster
transposase. The method may comprise obtaining sequences of TcBuster as well as other hAT
family transposases; aligrning the sequences and identifyving the amino acids m TeBuster
transposase with a different conserved counterpart among the other hAT family transposases;
performing site-directed mutagenesis to produce mutant TeBuster transposase harboring the
mutation{s).

[6079] A hyperactive mutant TcBuster transposase can comprise one or more amino acid
substitutions based on alignment to other members of Buster subfamily or other members of
hAT family. In many cases, the one or more amino acid substitutions can be substitutions of
conserved amino acid for the unconserved amino acid in wild-type TcBuster sequence (SEQ ID
NO: D). MNon-limiting examples of mutant TeBuster transposases 1nclude TeBuster transposases
comprising at least one of the amino acid substitutions from Table 5. A mutant TcBuster
transposase can comprise at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at Jeast 8,
at least 9, at least 10, at least 20, at least 30, or more of the amino acid substitutions from Table
5.

{8080} Another cxemplary mothod can comprise systernically mutating acidic amino acids to
basic ammo acids and identifving hyperactive mutant transposase.

{0081} In some cases, mutant TcBuster transposase can comprise amino acid substitutions
V3777, 469K, and D189A. A mutant TcBuster transposase can comprise amino acid
substitutions K573E and E578L. A mutant TcBuster transposase can comprise amino acid

substitution 452K, A mutant TcBuster transposase can comprise amino acid substitotion

20



WO 2018/112415 PCT/US2017/066829

A338K. A mutant TeBuster transposase can comprise amino acid substitution V297K, A
mutant TcBuster transposase can comprise amino acid substitution N83S. A mutant TeBuster
transposase can comprise amino acid substitutions N85S, V377T, E469K, and DIS9A. A mutant
TeBuster transposase can comprise aming acid sebstitutions 452F, V377T, E469K, and DEYA.
A mutant TcBuster transposase can comprise amino acid substitutions A358K, V3777, E469K,
and DIEYA. A mutant TeBuster transposase can comprise amine acid substitutions V3771,
E469K, D189A, KS73E and E578L.

Table 5
Amino Acid of Wild-type
TeBuster Transposase Amino Acid Substitution
(SEQID NG: 1)

0151 Q1518
Q151 Q151A
AlS4 Al54P
Q615 Q615A
V553 V5538
Y153 Y155H
Y201 Y201 A
202 202D
K202 F2021
{203 {2031
C203 C203V
F400 F400L

398 398D
1398 13988
398 398K
V431 V431L
P559 P559D
P559 P3598
P559 PS59K
M222 M2221.

{0082} Fusion Transposase

fB083] Another aspect of the present invention provides a fusion transposase. The fusion
transposase can comprise a TcBuster transposase sequence and a DNA sequence specific binding
domain.

f0084] The TcBuster transposase sequence of a fiision transposase can comprise an anino acid

seqguence of any of the mutant TcBuster transposases as described herein. The TcBuster
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transposase sequence of a fusion transposase can also comprise an amino acid sequence of a
wild-type TcBuster transposase having amino acid sequence SEQ ID NG: L.

[B085] A DNA sequence specific binding domain as described herein can refer to a protein
domain that 13 adapted to bind to a DNA molecule at a sequence region (“target sequence”™)
containing a specitic sequence motif. For instance, an exemplary DNA sequence specific
binding domain may selectively bind to a sequence motif TATA, while another exemplary DNA
sequence specific binding domain may selectively bind to a different sequence motif
ATGCNTAGAT (N denotes anv one of A, T, G, and ().

[B086] A fusion transposase as provided herein may direct sequence specific insertion of the
transposon. For instance, a DNA sequence specific binding domain may guide the fusion
transposase to bind to a target sequence based on the binding specificity of the binding domain.
Being bound to or restricted to a certain sequence region may spatially limit the interaction
between the fusion transposase and the transposon, thereby limiting the catalyzed transposttion
1o a sequence region in proximity to the target sequence. Depending on the size, three-
dimensional configuration, and sequence binding affinity of the DNA binding domain, as well as
the spatial relationship between the DNA binding domain and the TcBuster transposase
sequence, and the flexibility of the connection between the two domains, the distance of the
actual transposition site to the target sequence may vary. Proper design of the fusion transposase
configuration can direct the transposition to a desirable target genomic region.

[0087] A target genomic region for transposition can be any particular genomic region,
depending on application purposes. For mstance, sometimes, i is desirable to avoid
transcription start sites for the transposition, which may cause undesirable, or even harmful,
change in expression level of certain nuportant endogenous gene(s) of the cell. A fusion
transposase may contain a DNA sequence specific binding domamn that can target the
transposition to a safe harbor of the host genome. Nouv-limiting examples of safe harbors can
include HPRT, AAVS site {e.g. AAVSL, AAVS2, ETC), CCRS, or RosaZ6. Safe harbor sites
can generally refer to sites for transgene insertion whose use exert little to none disrupting effects
on genome integrity of the cell or cellular health and functions.

[8088] A DNA sequence specific binding domain may be derived from, or be a variant of any
DNA bmding protein that has sequence-specifictty. In many instances, a DNA sequence specific
bmding domain may comprise an aming acid sequence at least 40%, at least 50%, at least 60%,
at least70%, at least 80%, at lcast 90%, at least 95%, at least 98%, at least 99%, or 100%
identical to a naturally occurring sequence-specific DNA binding protem. A DNA sequence

specific binding domain may comprise an amino acid sequence at least 70% identical to a
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naturally occurring sequence-specific DNA binding protein. Non-limiting examples of a
naturally occurring sequence-specific DNA binding protein include, but not limited to,
transcription factors from various origins, specific-sequence nucleases, and viral replication
proteina. A naturally occurring sequence-specific DNA binding protein can also be any other
protein having the specific binding capability from various origins. Selection and prediction of
DNA binding proteins can be conducted by various approaches, including, but not limited to,
using computational prediction databases available online, like DP-Bind

{(http //lcg rit. albany.edu/dp-bind/) or DNABIND (http://dnabind szialab.org/)

f008%] The term “transcription factor” can refer to a protein that controls the rate of
transeription of genctic information from DNA to messenger DNA, by binding to a specific
DNA sequence. A transcription factor that can be used in a fusion transposase described herein
can be based on a prokaryotic transcription factor or a cukaryotic transcription factor, as long as
it confers sequence specificity when binding to the target DNA molecule. Transcription factor
prediction databases such as DBD (http //www transcriptionfactor.org} may be used for selection
of appropriate transcription factor for application of the disclosure herein.

[8090] A DNA sequence specific binding domain as used herein can comprise one of more
DNA binding domain from a naturally oceurring transcription factor. Non-limiting examples of
DNA binding domains of transcription factors include DNA binding domains that belong to
families like basic helix~-loop-helix, basic-leucine zipper (bZ1P), C-terminal effector domain of
the bipartite response regulators, AP2/ERF/GCC box, helix-tum-helix, homeodomain proteios,
lambda repressor-like, sri-like {serum response factor), paired box, winged helix, zinc fingers,
multi-domain Cys2His2 (C2H2} zine fingers, Zn2/Cysé, or Zn2/Cvys8 nuclear receptor zine
finger.

[8091] A DNA sequence specific binding domain can be an artificially engineered ammo acid
sequence that binds to specific DNA sequences. Noun-hmiting examples of such artificially
designed anmuno acid sequence mclude sequences created based on frameworks like transcription
activator like effector nucleases (TALEs) DNA binding domain, zine finger nucleases, adeno
associated virus (AAV) Rep protein, and any other suitable DNA binding proteins as described
herein.

j0092] Natural TALEs are proteins secreted by Xanthomonas bacteria to aid the mfection of
plant species. Natural TALEs can assist infections by binding to specific DNA sequences and
activating the expression of host genes. In general, TALE proteins consist of a central repeat
domam, which determines the DNA targeting specificity and can be rapidly synthesized de novo.

TALEs have a modular DNA-binding domaim (DBD) containing repetitive sequences of
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residues. In some TALEs, each repeat region contains 34 amino acids. The term “TALE
domair’” as used berein can refer to the modular DBD of TALEs. A pair of residucs at the 12th
and 13th position of each repeat region can determine the nucleotide specificity and are referred
to as the repeat vanable diresidue (RVD). The last repeat region, termed the halfirepeat, is
typically truncated to 20 amino acids. Combining these repeat regions allows synthesizing
sequence-specific synthetic TALEs. The C-terminus typically contains a nuclear localization
signal (NLS}, which directs a TALE to the nucleus, as well as a functional domain that
modulates transcription, such as an acidic activation domain {AD). The endogenouns NLS can be
replaced by an organism-specific localization signal. For example, an NLS derived from the
stmian virus 40 large T-antigen can be used m maoumalian cells. The RVDs HD, NG, NI, and
NN target C, T, A, and G/A, respectively. A list of RVDs and their binding preferences under
certain circumstances for nucleotides can be found in Table 6. Additional TALE RVDs can also
be used for custom degencrate TALE-DNA interactions. For example, NA has high affimity for
all four bases of DNA. Additionally, N¥, where ¥ is an RVD with a deletion in the 13th residue,
can accommodate alf letters of DNA including methylated cytosine. Alsc $* may have the
ability to bind 1o any DNA nucleotide.

{30231 A number of online tools are available for designing TALESs to target a specific DNA
sequence, for example TALE-NT (hitps://tale-nt.cac.comell.edw/), Mojo hand

(http //www talendesign.org/y. Commercially available kits may also assist in creating custom
assembly of TALE repeat regions between the N and C-termunus of the protein. These methods
can be used 0 assemble custom BBDs, which are then cloned mto an expression vector
containing a functional domain, ¢.g. TcBuster transposase sequence.

Table 6 RVD Binding Preference

nuclestides

RYVD A G C T
NN medivm | medium
NK weak
Ni medium
NG weak
HD medium
NS weak medium | weak weak
NG weak
N* weak weak
HN weak medium
NT weak medium
Np weak weak medium
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NH medium

SN weak

SH weak

NA weak strong | weak weak
G weak
H* poor POCT weak poor
ND weak

Hi medium

HG weak
NC weak
NG weak

55 weak

SN weak

S* medium | medium | strong | mediom
NV weak medium | poor poor
HH poor poor poor poor
YG pooY poor poor poor

[#024] TALEs can be synthesized de novo in the laboratory, for example, by combining
digestion and ligation steps in a Golden Gate reaction with tvpe I restriction enzvimes.
Alternatively, TALE can be assembled by a number of different approaches, including, butnot
himited to, Ligation-Independent Cloning (LIC), Fast Ligation-based Automatable Solid-phase
High-throughput (FLASH) assembly, and Iterative-Capped Assembly (ICA}.

[B095] Zinc fingers (ZF) are ~30 amino acids that can bind to a limited combination of ~3
nucleotides. The C2H2 ZF domain may be the most common type of ZF and appears to be one
of the most abundantly expressed proteins in eukaryotic cells. ZFs are small, functional and
independently folded domains coordinated with zinc molecules in their structure. Amino acids
in each ZF can have affinity towards specific nucleotides, cansing cach finger to selectively
recogmize 3-4 nucleotides of DNA. Multiple ZFs can be arranged into a tandem array and
recognize a set of nucleotides on the DNA. By using a combination of different zine fingers. a
unigue DNA sequence within the genome can be targeted. Different ZFPs of various lengths can
be generated, which may allow for recogmtion of almost any desired DNA sequence out of the
possible 64 tripict subsites.

[8096] Zmnc fingers to be used in connection with the present disclosure can be created using
cstablished modular assembly fingers, such as a set of modular assembly finger domains
developed by Barbas and colleagues, and also another set of modular assembly finger domains
by TeolGen. Both set of domains cover all 3 bp GNN, most ANN, many CNN and some TNN
triplets (where N can be any of the four nucleotides). Both have a different sct of fingers, which

allows for searching and coding different ZF modules as needed. A combinatorial selection-
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based oligomerized pool engineering (OPEN) strategv can also be employed to minimize
context-dependent effects of modular assembly involving the position of a finger in the protein
and the sequence of neighboring fingers. OPEN ZF arrays are publicly available from the Zme
Finger Consortium Database.

[00977 AAV Rep DNA-binding domain is another DNA sequence specific binding domain that
can be used m connection with the subject matter of the present disclosure. Viral cis -acting
inverted ternnnal repeats (FTRs), and the trans-acting viral Rep proteins (Rep) are believed to be
the factors mediating preferential integration of AAV into AAVSI site of the host genome in the
absence of a helper virus. AAV Rep protein can bind to specific DNA sequence in the AAVSI
stte. Therefore, a site-specific DNA-binding domain can be fused together with a TcBuster
transposase domain as described herein.

{6098] A fusion transposase as provided herein can comprise a TeBuster fransposase sequence
and a tag sequence. A fag sequence as provide herein can refer to any protein sequence that can
be used as a detection tag of the fusion protein, such as, but not hmited to, reporter protemns and
affinity tags that can be recognized by antibodies. Reporter protems include, but not limited to,
fluorescent proteins {e.g. GFP, RFP, mCherry, YFP}, B -galactosidase (B-gal}, alkaline
phosphatase {AP), chloramphenicol acetyl transferase (CAT), horseradish peroxidase (HRP).
Non-limiting examples of affinity tags inchude polyhistidine (His tag), Glatathione S-Transferase
(GST), Maltose Binding Protein {MBP), Calmodulin Binding Peptide (CBP), intein-chitin
binding domain (intein-CBD), Streptavidin/Biotin-based tags, Epitope tags like FLAG, HA, ¢
mye, T7, Glu~-Glu and many others.

[0099] A fusion transposase as provided herein can comprise a TeBuster fransposase sequence
and a DNA sequence specific binding domain or atag sequence tused together without any
intermediate sequence {e.g., “back-to-back™). In some cases, a fusion transposase as provided
herein can comprise a TcBuster transposase sequence and a DNA sequence specific binding
domain or a tag sequence joined by a linker sequence. Fig. 8 is a schematic of an exemplary
fusion transposase that comprises a DNA sequence specific binding domain and a TcBuster
transposase sequence, joined by a linker. Tn an exemplary fusion transposase, a linker may serve
primarily as a spacer between the first and second polypeptides. A linker can be a short amino
acid sequence to separate multiple domains in a single polypeptide. A linker sequence can
comprise linkers occurring in natural multi-domam proteins. In some mstances, a linker
sequence can comprise linkers artificially created. The choice of hinker sequence may be based
on the application of the fusion transposase. A linker sequence can comprise 3, 4,5, 6,7, 8,9,

10, or more amino acids. In some embodiments, the linker sequence may comprise at least 3, at
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least 4, at least 5, at least 6, at least 7, at least &, at least 9, at least 10, at least 15, at least 20, or at
least 50 amino acids. In some emboduments, the linker sequence can comprise at most 4, at most
5, atmost 6, at most 7, at most 8, at most 9, at most 10, at most 11, at most 12, at most 13, at
most 20, at most 30, at most 40, at most 50, or at most 100 amino acids. In certain cases, it may
be desirable to use flexible linker sequences, such as, but not imited to, stretches of Gly and Ser
residucs (“GS” linker) ke (GGGGS)n (n=2-8), (Gly)s, GSAGSAAGSGEF, (GGGGS)H.
Sometimes, it may be deswrable to use rigid hnker sequences, such as, bat not limited to,
(EAAAK n {0=2-7), Pro-rich sequences like (XP)n, with X designating any amino acid.

[B8106] Tn an exemplary fusion transposase provided herein, a TcBuster fransposase sequence
can be fused to the N-terminus of a DNA sequence specific binding domain or a tag sequence.
Alternatively, a TcBuster transposase sequence can be fused to the C-terminus of a DNA
sequence specific binding domain or atag sequence. In some embodiments, a third domam
sequence or more of other sequences can be present in between the TcBuster transposase and the
DNA sequence specific binding domain or the tag sequence, depending on the application of the
fusion transposase.

{00161 TcBuster Transposon

f00102] Another aspect of the present disclosure provides a TcBuster transposon that comprises
a cassette cargo positioned between two inverted repeats. A TcBuster transposon can be
recognized bv a TcBuster transposase as described herein, ¢.g.. a TcBuster transposase can
recognize the TcBuster transposon and catalyze transposition of the TeBuster transposon into a
DNA sequence.

{80103} The terms “inverted repeats”, “terminal inverted repeats”, “inverted terminal repeats”,
as used nterchangeably herein, can refer to short sequence repeats flanking the transposase gene
in a natural transposon or a cassette cargo in an artificially engineered transposon. The two
inverted repeats are generally required for the mobilization of the transposon in the presence of a
corresponding transposase. Inverted repeats as described herein may contain one or more direct
repeat (DR) sequences. These sequences usually are embedded in the terminal inverted repeats
{TIRs} of the elements. The term “cargo cassette” as used herein can refer to a nuclestide
sequence other than a native nucleotide sequence between the inverted repeats that contains the
TeBuster transposase gene. A cargo cassette can be artificially enginecred.

{00104 A transposon described herein may contain a carge cassette flanked by IR/DR
sequences. In some embodiments, at least one of the repeats contains at least one direct repeat.
As shown in Figs. 1| and 2, a transposon may contain a cargo cassette flanked by IRDR-L-Seqi

(SEQ ID NQO: 3) and IRDR-R-S¢gl (SEQ ID NO: 4). In many cases, a left inverted repeat can
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comprise a sequence at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least
90%, at least 95%, at least 98%, at least 99%, or 100% identical to IRDR-L-Segl (SEQ ID NO:
3). Sometimes, a right inverted repeat can comprise a sequence at least 40%, at least 50%, at
least 60%, at least 70%, at least 80%, at least 90%, at least 95%, at least 98%, at least 99%, or
100% identical to IRDR-R-Seql (SEQ ID NO: 4). In other cases, a right inverted repeat can
comprise a sequence at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least
90%, at least 95%, at least 98%, at least 99%, or 100% identical to IRDR-L-Segl (SEGQ ID NG:
3}, Sometimes, a left inverted repeat can comprise a sequence at least 40%, at least 50%, at least
60%, at least 70%, at least 80%, at least 90%, at least 959, at least 9%, at least 99%, or 100%
identical to IRDR-R-Seq! (SEQ ID NO: 4). The terms “left” and “right”, as used herein, can
refer to the 37 and 37 sides of the cargo cassette on the sense strand of the double strand
transposon, respectively. It is also possible that a transposon may contain a cargo cassette
flanked by IRDR-L-Seq2 (SEGQ 1D NG: 5) and IRDR-R-Seq2 (SEQ ID NO: 6). In many cases, a
left inverted repeat can comprise a sequence at least 40%, at least 50%, at least 609%, at least
70%, at least 80%, at least 90%, at least 95%, at least 98%, at least 99%, or 100% identical to
IRDR-L-5eq2 (SEQ 1D NO: 5). Sometimes, a right inverted repeat can comprise a sequence at
least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%. at least 95%, at
least 98%, at least 99%, or 100% identical to IRDR-R-8¢q2 (SEQ ID NO: 6). In other cases, a
right inverted repeat can comprise a scquence at least 40%, at feast 50%, at least 60%, at least
70%, at least 809, at least 909, at least 95%, at least 98%, at least 99%, or 100% identical to
IRDR-L-Seq2 (SEQ ID NG: 5). Sometimes a left inverted repeat can comprise a sequence at
least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 93%, at
least 98%, at least 99%, or 100% identical to IRDR-R-Seq2 (SEQ 1D NO: 6). A transposon may
contain a cargo cassctie flanked by two inveried repeats that have different nucleotide sequences
than the ones given in Fig. 2, or a combination of the various sequences known to one skilied in
the art. At least one of the two mverted repeats of a transposon described herein may contain a
sequence that is at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%,
at least 95%, at least 98%, at least 99%, or 100% identical to any one of SEQ ID NQOs: 3-6. At
least one of inverted repeats of a transposon described herein may contain a sequence that is at
least 80% identical to SEQ ID NO: 3 or 4. At least one of mveried repeats of a transposon
described herein may contain a sequence that is at least 80% identical to SEQ ID NG: S or 6.
The choice of inverted repeat sequences may vary depending on the expected transposition

efficiency, the type of cell to be modified, the transposase to use, and many other factors.
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[00105] In many implementations, minimally sized transposon vector inverted terminal repeats
that conserve genonuic space may be used. The ITRs of AT family transposons diverge greatly
with differences in night-hand and left-hand TTRs. In many cases, smaller ITRs consisting of just
100-200 nucleotides are as active as the longer native ITRs in hAT transposon vectors. These
sequences may be consistently reduced while mediating hAT faouly transposition. These shorter
ITRs can conserve genomic space within hAT transposon vectors.

{80106} The inverted repeats of a transposon provided herein can be about 50 to 2000
mucleotides, about 50 to 1000 nucleotides, about 50 to 800 nucleotides, about 50 to 600
nucleotides, about 30 to 500 nucleotides, about 50 to 400 nucleotides, about 30 to 350
nucleotides, about 30 to 300 nucleotides, about 50 to 250 nucleotides, about 30 to 200
nucleotides, about 30 to 180 nuclectides, about 50 to 160 nuclestides, about 30 to 140
nucleotides, about 30 to 120 nucleotides, about 50 to 110 nucleotides, about 50 to 100
nucleotides, about 50 to 90 nucleotides, about 50 to 80 nuclkeotides, about 50 to 70 nacleotides,
about 50 to 60 nucleotides, about 75 to 750 nucleotides, about 75 to 450 nuclectides, about 75 to
325 nucleotides, about 75 to 250 nucleotides, about 75 to 150 nucleotides, about 75 to 95
nucleotides, about 100 to 500 nucleotides, about 100 to 400 nucleotides, about 100 1o 350
nucleotides, about 100 to 300 nucleotides, about 100 to 250 nucleotides, about 100 to 220
nucleotides, about 100 to 200 nucleoctides, or in any range derived therefrom.

{60107} In some cases, a cargo cassettc can Comprise a promoter, a transgene, or a combination
thercof. In cargo cassetics comprising both a promoter and a transgene, the expression of the
transgene can be directed by the promoter. A promater can be any type of promoter available to
oune skilled 1n the art. Now-limiting examples of the promoters that can be used in a TcBuster
transposon include EFS, CMVY, MND, EFla, CAGGs, PGK, UBC, U6, HI, and Cumate. The
chotce of a promoter to be used in a TeBuster transposition would depend on a number of
factors, such as, but not limited to. the expression efficiency of the promoter, the type of cell to
be genetically modified, and the desired transgene expression level

[00108] A transgene in a TcBuster transposon can be any gene of interest and available to one
skilled in the art. A transgene can be derived from, or a variant of, a gene in nature, or can be
artificially designed. A transgene can be of the same species origin as the cell to be modified, or
from different species. A transgene can be a prokaryotic gene, or a eukarvotic gene. Sometimes,
a transgene can be a gene derived from a non-human animal, a plant, or a haman being. A
transgene can comprise introns. Aliernatively, a transgene may have introns removed or not

present.

31



WO 2018/112415 PCT/US2017/066829

f00109] In some embodiments, a transgene can code for a protein. Exemplary proteins include,
but are not limited to. a ccllular receptor, an immunological checkpoint protein, a cytokine, or
any combination thereof. Sometimes, a cellular receptor as described herein can include, but not
limited to a T cell receptor (TCR), a B cell receptor (BCR), a chimeric antigen receptor (CAR),
or any combination thereof

{00110] A cargo cassette as described hercin may not contain a transgene coding for any type of
protein produoct, but that is useful for other purposes. For instance, a cargo cassette may be used
for creating frameshift in the insertion site, for example, when it is inserted in an exon of a gene
n the host genome. This may lead to a truncation of the gene product or a null mutation.
Sometimes, a cargo cassetie may be used for replacing an endogenous genonue sequence with an
exogenous nucleotide sequence, thereby modifying the host genome.

{60111 A transposon described herein may have a cargo cassetie i either forward or reverse
direction. In many cases, a cargo cassetie has its own directionality. For instance, a cargo
cassette containing a transgene would have a 57 to 37 coding sequence. A cargo cassette
containing a promoter and a gene insertion would have promoter on the 5 site of the gene
nsertion. The term “forward direction”, as used herein, can refer to the situation where a cargo
cassette maintains its directionality on the sense strand of the double strand transposon. The
term “reverse direction”, as used herein, can refer to the situation where a carge cassette
maintans s directionality on the antisense strand of the double strand transposon.

[00112] Systems for Genome Editing and Methods of Use

{08113} Another aspect of the present disclosure provides a system for genome editing. A
system can comprise a TcBuster transposase and a TcBuster transposon. A system can be used
to edit a genome of a host cell, disrupting or moedifying an endogenous genomic region of the
host cell, mserting an exogenous gene nto the host genome, replacing an endogenous nucleotide
sequence with an exogenous nucleotide sequence or any combination thereof

[00114] A svstem for genome editing can comprise a mutant TeBuster transposase or fusion
transposase as described herein, and a transposon recognizable by the mutant TcBuster
transposase or the fusion transposase. A mutant TcBuster transposase or the fusion fransposase
can be provided as a purified protein. Protemn production and purification technologies are
known to one skilled n the art. The purified protein can be kept i a different container than the
transposon, or they can be kept m the same container.

{80115} In many cases, a system for genome editing can comprise a polynucleotide encoding a
mutant TcBuster transposase or fusion transposase as described herein, and a transposon

recogmizable by the mutant TcBuster transposase or the fusion transposase. Sometimes, a
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polynucleotide of the system can comprise DNA that encodes the mutant TcBuster transposase
or the fusion transposase. Alternatively or additionally, a polynucleotide of the system can
comprise messenger RNA (mRNA} that encodes the mutant TcBuster transposase or the fusion
transposase. The mRNA can be produced by a number of approaches well known to one of
ordinary skills in the art, such as, but not limited to, in vivo transcription and RNA purification,
in vitro transcription, and de novo synthesis. In many cases, the mRNA can be chemically
modified. The chemically modified mRNA may be resistant to degradation than unmodified or
natural mRNAs or may degrade more quickly. In many cases, the chemical modification of the
mRNA may render the mRNA being translated with more efficiency. Chemical modification of
mRNAs can be performed with well-known technologies available to one skilled in the art, or by
commercial vendors.

{60116 For many applications, safety dictates that the duration of hAT transposase expression
be only long enough to mediate safe transposon delivery. Moreover, a pulse of hAT transposase
expression that coincides with the height of transposon vector levels can achieve maximal gene
delivery. The implementations are made using available technologies for the n vitro
transcription of RNA molecules from DNA plasmid teraplates. The RNA molecules can be
synthesized using a variety of methods for in vitro {e.g., cell free) transcription from a DNA
copy. Methods to do this have been described and are commercially avaiable. For example, the
mMessage Machine in vitro transcription kit available through life technologies.

[00117] There are also a number of companies that can perform in vitro transcription on a fee for
service basis. We have also found that that chemically modified RNAs for hAT expression work
especially well for gene transfer. These chemically modified RNAs do not induce cellular
mamune responses and RNA gencrated using proprictary methods that also avoid the cellular
ioumune response. These RNA preparations remove RNA dimers {Clean-Cap) and cellular
reactivity {pscudouridine mcorporation) produce better transient gene expression i human T
cells without toxicity in our hands (data not shown}. The RNA molecules can be mtroduced nto
cells using any of manv described methods for RNA transfection, which is usually non-toxic to
most cells. Methods to do this have been described and are commercially available. For
example, the Amaxa nucleofector, Neon electroporator, and the Maxcyte platforms.

{00118] A transposon as described herein may be present in an expression vector. In many
cases, the expression vector can be DNA plasmid. Sometimes, the expression vector canbe a
mini-circle vector. The term “mini-cirele vector” as used herein can refer to smali circular
plasmid derivative that is free of most, if not all, prokaryotic vector parts {e.g., control sequences

or non-functional sequences of prokaryotic ongin). Under circumstances, the toxicity to the cells
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created by transfection or electroporation can be mitigated by using the “mini-circles™ as
described herein.

fB8119] A muni-circle vector can be prepared by well-known molecular cloning technologies
available. First, a 'parental plasmid’ (bacterial plasmid with insertion, such as transposon
construct} in bacterial, such as E. coli. can be produced, which can be followed by induction of a
stte-specific recombinase. These steps can then be followed by the cxeision of prokaryotic
vector parts via two recombinase-target sequences at both ends of the insert, as well as recovery
of the resulting mini-circle vector. The purified mini-circle can be transferred into the recipient
cell by transtection or hpofection and mio a differentiated tissue by, for mstance, jet injection. A
mini-circle containing TcBuster transposon can have a size about 1.5kb, about 2 kb, about 2.2
kb, about 2.4 kb, about 2.6 kb, about 2.8 kb, about 3 kb, about 3.2 kb, about 3.4 kb, about 3.6 kb,
about 3.8 kb, about 4 kb, about 4.2 kb, about 4.4 kb, about 4.6 kb, about 4 8 kb, about 5 kb,
about 3.2 kb, about 3.4 kb, about 5.6 kb, about 5.8 kb, about 6 kb, about 6.5 kb, about 7 kb,
about 8 kb, about 9 kb, about 10 kb, about 12 kb, about 25 kb, about 50 kb, or a value between
any two of these numbers. Sometimes, a mini-circle containing TeBuster transposon as provided
herein can have a size at most 2.1 kb, at most 3.1 kb, at most 4.1 kb, at most 4.5 kb, at most 5.1
kb, at most 5.5 kb, at most 6.5 kb, at most 7.5 kb, at most 8.5 kb, at most 9.5 kb, at most 11 kb, at
most 13 kb, at most 15 kb, at most 30 kb, or at most 60 kb.

[00120] In certain embodiments, a system as described herein mav contain a polynucleotide
encoding a mutant TcBuster transposase or fusion transposase as described heremn, and a
transposon, which are present in a same expression vector, ¢.g. plasmid.

{80121} Yet another aspect of the present disclosure provides a method of genctic engineering.
A method of genetic enginecring can comprise introducing nto a cell a TeBuster transposase and
a transposon recognizable by the TeBuster transposase. A method of genctic engincering can
also be performed in a celi-free cavironment. A method of genetic engineering in a cell-frec
environment can comprise combining a TcBuster transposase, a transposon recognizable by the
transposase, and a target nucleic acid into a contaner, such as a well or tube.

{80122} A method described herein can comprises introducing into a cell a mutant TcBuster
transposase provided herein and a transposon recognizable by the mutant TcBuster transposase.
A method of genome editing can comprise: introducing into a cell a fusion transposase provided
herein and a transposon recogmzable by the fusion transposase.

{80123} The mutant TcBuster transposase or the fusion transposase can be introduced into the

cell either as a protein or via a polynucleotide that encodes for the mutant TcBuster transposase
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or the fusion transposase. The polynucleotide, as discussed above, can comprise a DNA or an
mRNA that encodes the mutant TcBuster transposase or the fusion transposase.

{00124 Tn many instances, the TcBuster transposase or the fusion transposase can be transfected
ito a host cell as a protein, and the concentration of the protein can be at least 0.05a0M, at least
0.1 oM, at least 0.2 oM, at least 0.5 nM, at least | oM., at lcast 2 nM, at least 5 nM, at feast 10
nM, at least 50 oM, at least 100 oM, at keast 200 oM, at least 500 nM, at least 1 pM, at least 2
ub, at least 5 uM, at least 7.5 uM, at least 10 uM, at least 15 uM, at least 20 pM, at least 25
uM, at least 50 uM, at least 100 uM, at least 200 pM, at least 500 uM, or at least 1 pM.
Sometimes, the concentration of the protein can be arcund 1 pM to around 50 uM, around 2 pM
to around 25 uM, around 5 pM to arcund 12.5 uM, or around 7.5 uM to arcund 10 uM.

fB0125] In many cases, the TcBuster transposase or the fusion transposase can be transfected
ito a host cell through a polynucleotide, and the concentration of the polynucleotide can be at
least abowt 5 ng/ml, 10 ng/ml, 20 ng/ml, 40 ng/ml, 50 ng/ml, 60 ng/ml, 80 ng/ml 100 ng/ml, 120
ng/ml, 150 ng/ml, 180 ng/md, 200 ng/ml, 220 ng/ml, 250 ng/ml, 280 ng/mi, 300 ng/ml, 500
ng/mi, 750 ng/ml, 1 pg /ml 2 pg /ml, 3 pg /ml, 5 pg/ml, 50 pg/ml, 100 pg/mi, 150 ug/mi, 200
ug/ml 250 ug/ml 300 pg/ml, 350 pe/ml, 400 pg/ml, 450 pg/ml, 500 pe/ml, 550 pg/ml, 600
wg/ml, 650 pg/mi, 700 pg/ml, 750 pg/mi, or 800 pg/mi. Sometimes, the concentration of the
polynucleotide can be between about 5-23 ug/l, 25-50 ug/ml, 50-100 ughnl, 100-130 pg/ml,
130-200 pg/mi, 200-250 pg/ml, 250-500 pg/ml, 5-800 ug/ml, 200-800 pg/ml, 250-800 pg/ml,
400-800 po/ml, 300-8C0 ug/ml, or any range dertvable therein. In many cases, the transposon is
present in a separate expression vector than the transposase, and the concentration of the
transposon can be at least about S ng/ml, 16 ng/ml, 20 ng/mi, 40 ng/ml, 50 ng/mi, 60 ng/ml, 80
ng/ml, 100 ng/ml, 120 ng/ml 150 ng/mi 180 ng/ml, 200 ng/ml, 220 ng/mi, 250 ng/ml, 280
ng/ml, 300 ng/ml, 500 ng/ml, 750 ng/ml, 1 pg /ml 2 pg /ml, 3 pg /ml, 5 pg/ml, 50 ng/mi, 100
pg/ml, 150 ug/ml, 200 pg/ml, 250 pg/ml, 300 pg/ml, 350 pg/mi, 400 ug/ml, 450 pg/mi, 500
ug/ml, 550 pg/mi, 600 pg/ml, 650 pg/mli, 700 pg/ml, 750 pg/mi, or 800 pg/ml. Sometimes, the
concentration of the transposon can be between about 5-25 pg/ml, 25-50 pg/ml, 50-100 pg/ml,
106G-150 pg/ml, 150-200 pg/ml, 200-250 pg/mi, 250-300 pg/ml, 5-800 ug/ml, 200-800 pg/ml,
250-800 pg/ml, 400-800 pg/ml, 500-800 ug/ml, or any range derivable therein. It is possible the
ratio of the transposon versus the polyaucleotide coding for the transposase is at most 10000, at
most 5000, at most 1000, at most 500, at most 200, at most 100, at most 50, at most 20, at most
10, at most 5, at most 2, at most 1, at most 0.1, at most .05, at most .01, at most 0.001, at most

0.0001, or any number in between any two thereof.
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008126} In some other cases, the transposon and the polvnucleotide coding for the transposase
are present in the same expression vector, and the concentration of the expression vector
containing both transposon and the polynucleotide encoding transposase can be at least about 5
ng/ml 10 ng/mi, 20 ng/ml, 40 ng/ml, 50 ng/ml, 60 ng/ml, 80 ng/ml 100 ng/ml, 120 ng/ml, 150
ng/ml, 180 ng/ml, 200 ng/ml, 220 ng/ml, 250 ng/ml, 280 ng/ml, 300 ng/ml, 500 ng/ml, 750
ng/mi 1 pg/ml 2 pg /ml, 3 ug/mi, 5 pe/ml 50 pg/mi, 100 pe/ml, 150 pg/ml, 200 pg/ml, 250
ug/ml, 300 pg/mi, 350 pg/ml, 400 pg/ml, 450 ug/ml, SO0 pg/ml, 550 pg/ml, 600 pg/ml, 650
ug/ml, 760 pug/mi, 750 pg/ml, or 800 ug/ml. Sometimes, the concentration of the expression
vector contamning both transposon and the polynucleotide encoding transposase can be between
about 5-25 pg/ml, 25-50 pg/mi, 30-100 pg/ml, 100-150 pg/ml, 150-200 pg/mi, 200-250 ug/mi,
250-500 pg/ml, 3-800 ug/ml, 200-800 pg/ml, 250-800 ug/ml, 400-800 ng/ml, 500-800 pug/ml, or
any range derivable therein.

[08127] In some cases, the amount of polynucleic acids that may be introduced into the cell by
electroporation may be varied to optimize transfection efficiency and/or cell viability. In some
cases, less than about 100 pg of nucleic acid may be added to each cell sample (c.g., one or more
cells being clectroporated). In some cases, at least about 100 pg, at least about 200 pg, at least

about 300 pg, at least about 400 pg, at least about 500 pg, at least about 600 pg, at least about

700 pg, at least about 800 pg, at least about 900 pg, at least about | microgram, at least about 1.5
ug, at least about 2 g, at least about 2.5 pg, at least about 3 ug, at least about 3.5 pg, at least
about 4 pg, at least about 4.5 pg, at least about 5 pg, at least about 5.5 pg, at least about 6 pg, at
least about 6.5 ug, at least about 7 ug, at least about 7.5 pg, at least about 8 g, at least about 8.3
ug. at least about 9 ug, at least about 9.5 g, at least about 10 g, at least about 11 pg, at least
about 12 ug, at least about 13 pg, at least about 14 pg, at least about 15 pg, at least about 20 pg,
at least about 25 pg, at least about 30 ug, at least about 35 g, at least about 40 ug, at least about
45 ug, or at least about 30 pug, of nucleic acid may be added to cach cell sample {c.g., oncor
more cells being electroporated). For example, 1 microgram of dsDNA may be added to each
cell sampile for electroporation. In some cases, the amount of polynucieic acids {e.g.. dsDNA)
required for optimal transfection efficiency and/or cell viability may be specific to the cell type.
80128] The subject matter disclosed hercin may find use in gonome editing of a wide range of
various types of host cells. In preferred embodiments, the host cells may be from eukaryotic
organisms. In some embodiments, the cells may be from a mammal onigin. In some
embodiments, the cells may be from a human origin.

[60129] In general, the cells mav be from an immortalized cell line or primary celis.
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f00130] The terms “cell line” and “imumortalized cell line”, as used herein interchangeably, can
refer to a population of cells from an organism which would normally not proliferate indefinitely
but, due to mutation, may bave evaded nommal cellular senescence and instead can keep
undergoing division. The sabject matter provided herein mayv find use m a range of common
established cell lines, including, but not himited to, human BC-1 cells, human BJAB cells, buman
IM-9 cells, human Jivoye cells, human K-562 cells, human LCL cells, mouse MPC-11 cells,
human Raji cells, human Ramos cells, mouse Ramos cells, human RPMIS226 cells, human R54-
11 cells, human SKW6 4 cells, human Dendritic cells, mouse P8135 cells, mouse RBL-ZH3 cells,
human HL-60 celis, human NAMALWA cells, human Macrophage cells, mouse RAW 2647
cells, human KG-1 cells, mouse M1 cells, human PBMC cells, mouse BWS147 (T200-A)3.2
cells, human CCRF-CEM cells, mouse EL4 cells, human Jurkat cells, human SCID adh celis,
human U-937 cells or any combination of cells thereof.

f08131] The term “primary cells” and 1ts grammatical equivalents, as used herein, can refer to
cells taken directly from an organism, typically living tissue of a muolticellular organism, such as
animals or plants. In many cases, primary cells may be established for growth in vitro. In some
cases, primary cells may be just removed from the organism and have not been established for
growth in vitro yet before the transfection. In some embodiments, the primary cells can also be
expanded in vitro, i.e. primary cells may also include progeny cells that are generated from
proliferation of the cells taken directly from an organism. In these cases, the progenv cells do
not exlubit the indefintte proliferative property as cells in established cell lines. For instance, the
host cells may be human primary T cells, while prior to the transfection, the T cells have been
exposed to stimulatory factor(s} that may result in T cell proliferation and expansion of the cell
population.

{80132} The cells to be genctically modified may be primary cells from tissues or organs, such
as, but not limited to, brain, lung, hiver, heart, spleen, pancreas, small intestine, large intestine,
skeletal muscle, smooth muscle, skin, bones, adipose tissues, hairs, thyroid, trachea, gall bladder,
kidney, ureter, bladder, aorta, vein, esophagus, diaphragm, stomach, rectum, adrenal glands,
bronchi, cars, eyes, retina, genitals, hypothalamus, larynx, nose, tongue, spinal cord, or urcters,
uterus, ovary, testis, and any combination therecof. In certain cmbodiments, the cells may
include, but not lmited to, hematoeyte, trichocyte, keratimocyte, gonadotrope, corticotrope,
thyrotrope, somatotrope, lactotroph, chromaffin cell, parafollicular cell, glomas cell, melancevte,
nevus cell, merkel cell, odontoblast, cementoblast, corneal keratocyte, retina muller cell, retinal
pigment epithelium cell, neuron, gha, ependyvmocyte, pinealocyte, pneumocyte, clara cell,

goblet cell, G eell, D cell, Enterochromatfin-like cell, gastric chief cell, parietal cell, foveolar
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cell, K cell, D cell, | cell, paneth cell, enterocyte, microfold cell, hepatocyte, hepatic stellate cell,
cholecystocyte, controacinar cell, pancreatic stellate celi, pancreatic o cell, pancreatic B cell,
pancreatic 3 cell, pancreatic F cell, pancreatic £ cell, thyroid parathyroid, oxyphil cell, urothelial
cell, osteoblast, osteocyte, chondroblast, chondrocyvie, fibroblast, fibrocyte, myoblast, myocyte,
mvosatelbite cell, tendon cell, cardiac muscle cell, lipoblast, adipocyte, interstitial cell of cajal,
angioblast, endothelial cell, mesangial cell, juxtaglomerular cell, macula densa cell, stromal cell,
interstitial cell, telocyte, simple epithelial cell, podocyte, kidney proximal tubule brash border
cell, sertoli cell, fevdig cell, granulosa cell, peg cell, germ cell, spermatozoon ovum, lymphocyte,

myeloid cell, endothehal progenitor cell, endothelial stem cell, angioblast, mesoangioblast,

pericyte mural cell, and any combmation thereof. Inmany instances, the cell to be modified may
be a stem cell, such as, but not lmited to, embryonic stem cell, hematopoietic stem cell,
epidermal stem cell, epithelial stem cell, bronchoalveolar stem cell, mammary stem cell,
mesenchymal stem cell, mtestine stem cell, endothelial stem cell, neural stem celi, olfactory
adult stem cell, neural crest stem cell, testicalar cell, and any combination thereof. Sometimes,
the cell can be an mduced pluripotent stem cell that is derived from any type of tissue.

{80133} fn some embodiments, the cell to be genetically modified may be a mammalian cell. In
some embodiments, the cell may be an immune cell. Non-hmiting examples of the cell can
include a B cell, a basophil, a dendritic cell, an cosinophil, a gamma delta T cell, a granulocvie, a
helper T cell, a Langerhans cell, a lvimpboid cell, an innate lymphoid cell (11.C), a macrophage, a
mast cell, a megakarvocvie, a memory T cell, a monocvte, a myeloid cell, a natural killer T cell,
a neutrophil, a precursor cell, a plasma cell, a progenitor cell, a regulatory T-cell a T cell, a
thymocvte, any differentiated or de-differentiated cell thereof, or any mixture or combination of
cells thereof. In certain cases, the cell mav be a Teell. In some embodiments, the cell may be a
primary T cell. In certain cases, the cell may be an antigen-presenting cell (APC). In some
embodiments, the cell may be a pruvary APC. The APCs in connection with the present
disclosure may be a dendritic cell, macrophage, B cell, other non-professional APCs, or any
combmation thereof.

{60134} In some embodiments, the cell may be an ILC {innate Iymphoid celly, and the TL.C can
be agroup 1 ILC, a group 2 ILC, ora group 3 ILC. Group 1 ILCs may gencrally be described as
cells controlied by the T-bet transcription factor, secreting tvpe-1 cytokines such as IFN-gamma
and TNF-alpha in response to intracellular pathogens. Group 2 ILCs mayv generally be described
as cells relying on the GATA-3 and ROR-alpha transcription factors, producing type-2 cytokines
in response to extracellular parasite infections. Group 3 ILCs may generally be described as

cells controlled by the ROR-gamma t transcription factor, and produce IL-17 and/or I1L-22.
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{008135] In some embodiments, the cell may be a cell that is positive or negative for a given
factor. In some embodiments, a cell may be a CD3+ cell, CD3- cell, a T35+ cell, CD5-cell, a
CD7+ cell, CD7- cell, a CD14+ cell, CB4- cell, CD8+ cell, a CD8- cell, a CD103+ cell,
CD103- cell, CD1ib+ cell, CB1lb- cell, a BDCAL+ cell, a BDCAL- cell, an L-selectint ¢cell, an
L-selectin- cell, a CD23+, a CD23- cell, a CD27+, a CD27- cell, a CD28+ cell, CD28-cell, a
U544+ cell, a CD44- cell, a CD56+ cell, a CDS6- cell, a CDS7+ cell, a CB57- cell, a CD62L+
cell, a CD62L- cell, a CD69+ cell, a CD69- cell, a CD4SRO+ cell, a CD45RG- cell, a D127+
cell, a CD127-cell, a CD132+ cell, a CD132- cell, an IL-7+ cell, an BE-7- cell, an [L-15+ cell, an
FL-15- cell, a lectin-like receptor Glpositive cell, a lectin-like receptor G negative cell, or an
differentiated or de-differentiated cell thereof. The examples of factors expressed by cells 1s not
intended to be limiting, and a person having skill in the art will appreciate that the cell may be
positive or negative for any factor known in the art. In some embodiments, the cell may be
positive for two or more factors. For example, the cell may be CD4+ and CD8+. In some
embodiments, the cell may be negative for two or more factors. For example, the cell may be
CD25-~ CD44-, and CD69-. In some embodiments, the cell may be posttive for one or more
factors, and negative for one or more factors. For cxample, a cell may be CD4+ and CDE-.
{00136] & should be understood that cells used in any of the methods disclosed herein may be a
mixture {e.g., two or more different celis) of any of the cells disclosed herein. For example, a
method of the present disclosure may comprise cells, and the cells are a mixture of CD4+ cells
and CDE+ cells. In another example, a method of the present disclosure may compuise cells, and
the cells are a mixture of CD4+ cells and naive cells.

{80137} As provided herein, the transposase and the transposon can be introduced i to a cell
through a number of approaches. The term “transfection” and its grammatical cquivalents as
used herein can generally refer to a process whereby nucleic acids are introduced into eukarvotic
cells. The transfection methods that can be used in connection with the subject matter can
include, but not hmited to, electroporation, micronjection, calcium phosphate precipitation,
cationic polymers, dendrimers, liposome, microprojectile bombardment, fugene, direct some
loading, cell squeczing, optical transfection, protoplast fusion, impalefection, magnetofection,
nucleofection, or any combination thereof. In many cases, the transposase and transposon
described herein can be transfected into a host cell through electroporation. Sometimes,
transfection can also be done through a vanant of electroporation method, such as nucleofection
(also known as NucleofectorTM technology). The term “clectroporation” and its grammatical
equivalents as used herein can refer to a process whereby an electrical field is applied to cells in

order to increase the permeability of the cell membrane, allowing chemicals, drugs, or BNA to
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be introduced into the cell. During electroporation, the electric filed is often provided in the form
of “pulses” of very brief time periods, ¢.g. 5 milliscconds, 10 nulliseconds, and 50 milliseconds.
As understood by those skilled w the art, electroporation temporarily opens up pores in a cell's
outer membrane by use of pulsed rotating electric fields. Methods and apparatus used for
electroporation in vitro and m vivo are also well known. Various electric parameters can be
selected dependent on the cell type being electroporated and physical characteristics of the
molecules that are to be taken up by the cell, such as pulse intensity, pelse length, mumber of
puises).

{00138] Applications

{00139 The subject matter, ¢.g., the compositions (e.g., mutant TeBuster transposases, fusion
transposases, TcBuster transposons), systems and methods, provided herein may find use ina
wide range of applications relating to genome editing, in various aspects of modermn life.

[08146] Under certain circumstances, advantages of the subject matter described herein may
include, but not hmited to, reduced costs, regulatory consideration, lower immuonogenicity and
less complexity. In some cases, a significant advantage of the present disclosure is the high
transposition efficiency. Another advauntage of the present disclosure, in many cases, is that the
transposition system provided herein can be “tunable”, ¢.g., transposition can be designed to
target sclect genomic region rather than random insertion.

{60141} One non-liniting example is related to create genetically modified cells for research and
clinical applications. For example, as discussed above, genetically modified T cells can be
created using the subject matter provided herein, which may find use in helping people fighting
against a varicty of diseases, such as, but not limited to, cancer and infectious discase.

[00142] One particular example incluides generation of genetically modified primary leukocytes
using the methods provided herein, and administering the gevetically modified primary
leukocyies to a paticnt i need thereof. The gencration of genetically modified primary
leukocytes can include introducing into a leukocyie a transposon and a routant TcBuster
transposase or the fusion fransposase as described herein, which can recognize the transposon,
thereby generating a genctically modified levkoeyte. In many cases, the transposon may
comprise a transgene. The transgene can be a cellular receptor, an rmmunological checkpoint
protein, a cytokine, and any combination thereof. Sometimes, a cellular receptor can include, but
not hmited to a T celf receptor (TCR), a B cell receptor (BCR), a chimeric antigen receptor
(CAR), or any combination thereof. I some other cases, the transposon and the transposase are
designed to delete or modify an endogenous gene, for instance, a cvtokine, an immunological

checkpoint protein, an oncogene, or any combination thereof. The genetic modification of the
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primary leukocyies can be designed to facilitate immunity against an infectious pathogen or
cancer cells that render the patient in discased state.

[B8143] Another non-limiting example s related to create genetically modified organisms for
agriculture, food production, medicine, and pharmaceutics. The species that can be genetically
modified span a wide range, including, but not Himited to, plants and animals. The genetically
modified organisms. such as genctically modified crops or livestock, may be moditied ina
certain aspect of their physiological propertics. Examples in food crops include resistance to
certain pests, diseases, or environmental conditions, reduction of spoilage, or resistance to
chemical treatments {¢.g. resistance to a herbicide), or improving the nutrient profile of the crop.
Examples m non-food crops mclude production of pharmaceutical agents, biofuels, and other
industrially useful goods, as well as for bioremediation. Examples in vestock inchude resistance
to certain parasites, production of certain nutrition elements, increase in growth rate, and
increase in milk production.

[00144] The term “about” and its grammatical equivalents in relation to a reference numerical
value and its grammatical equivalents as used herein can include a range of values plus or minus
19% from that value. For example, the amount “about 107 includes amounts from 9to 11, The
term “about” i relation to a reference numerical value can also include a range of values plus or

minus 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 1% from that value.

EXAMPLES
[00145] The examples below further dlustrate the described embodiments without limiting the
scope of this disclosure.
[00146] EXAMPLE 1. MATERIALS AND METHODS

{80147} This example describes several methods utihized for generation and evaluation of

exemplary mutant TcBuster transposases.

[00148] Site Directed Mutagenesis for TcBuster mutant preparation

[606149] Putative hyperactive TeBuster (TeB) transposase mutants were identified by nucleotide
sequence and amino acid alignment of hAT and buster subfamilies. The Q5 site-directed
mutagenesis kit (New England Biol.abs) was used for all site~-directed mutagenesis. Following
PCR mutagenesis, PCR products were purified with GeneJET PCR purification kit (Thermo
Fisher Scientific). A 20ul ligation reaction of purified PCR products was performed using T4
DNA ligase {New England Biolabs}. 3ul of ligation reaction was used for transformation in

DH10Beta cells. Direct colony sequencing through Sequetech was used to confirm the presence
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of desired mutations. DNA for confirmed mutations was prepped using ZymoPURE plasmid
miniprep kits (Zymo Rescarch).

{B01 5G] Measuring transection efficiency in HEK-293T cells

{00151] HEK-293T cells were plated at 300,000 cells per well of a 6 well plate one day prior to
transfection. Cells were transfected with 500ng transposon carrving mCherry-puromycin
cassette and 62.5ng TcB transposase using TransiT X2 reagent per manufacturer’s instructions
{(Mirus Bio). Two days post-transfection, cells were re-plated with puromycin {(lug/mi) at a
density of 3,000 cells/well of a 6 well plate in triplicate in DMEM complete media, or re-plated
without puromvein selection. Stable integration of the transgene was assessed by colony
counting of puromvein treated cells (each cell that survived drug selection formed a colony) or
flow cytometry. For colony counting, two weeks post-puromycein selection, DMEM complete +
puromycin media was removed. Cells were washed with 1X PBS and celis were stained with Ix
crystal violet solution for 10 munutes. Plates were washed twice with PBS and colonies counted.
[80152] For flow cvtometry analysis, stable mtegration of the transgene was assessed by
detection of mCherry fhuorescence in cells grown without drag selection. Transfected cells were
harvested at indicated time points post-transfection, washed X with PBS and resuspended
200uL. RDFII buffer for analysis. Cells were analyzed using Novocyie {Acea Biosciences) and
mCherry expression was assessed using the PE-Texas red channel.

100153] Screening of TeB transposase mutants in HEK-293T cells

[00134] HEK-293T cells were plated at 75,000 cells per well of a 24 well plate one day prior to
transfection. Cells were transfected with 500ng transposon and 125ng transposase using TransiT
X2 reagent in duplicate per manufacturer’s instructions {Mirus Bio}. Stable integration of the
transgene was assessed by detection of mCherry fluorescence. Cells were harvested at 14 days
post-transfection, washed 1X with PBS and resuspended in 200ul. RDFH buffer. Cells were
analyzed using Novocyte (Acca Biosciences) and mCherry expression was assessed using the
PE-Texas red channel.

[66135] Transfection of TcBuster fransposon and transposase in CD3+ T-cells

{80156} D3+ T-cells were enriched and cryopreserved from leukopaks
(StemCellTechnologics). CD3+ T-cells were thawed and activated using CD3/CD28 Dypabeads
{ThermoFisher) for 2 days in X-Vivo -15 media supplemented with human serum and 1IL-2, IL-
15 and IL-7 cvtokines. Prior to transfection, CD3/CD28 beads were removed, cells washed and
clectroporated using Neon Transfection system (ThermoFisher} with TeBuster transposon (mini-
circle carrying TcBuster and Sleeping beautyv IR/DRs and GFP cargo) and TeBuster or Sleeping

Beauty transposases in RNA form. As a viability control, cells were “pulse” electroporated
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without DNA or RNA. Electroporated cells were expanded for 21 days post-transfection and
viability stable integration of GFP cargo was assessed by flow cytometry. Viability was
measured by SSC-A vs FSC-A and standardized to pulse only control, and GFP expression was
assessed asing FITC channel on days 2, 7, 14 and 21.

{30157] EXAMPLE 2. EXEMPLARY TRANSPOSON CONSTRUCTS

{00138] The amm of this study was to exanine transposition efficiency of different exemplary
TeBuster transposon constructs. Inventors compared 10 TeBuster (TeB) transposon (Ta)
configurations (Fig. 1A) to test their transposition efficiency in mammalian cells. These 10 TeB
Tns differed in the promoter used (EFS vs CMV}, IR/DR sequence and direction of the
transposon cargo. The fransposons each contained an identical cassette coding for mCherry
linked by 2A to a drug-resistance gene, puromyein, so that transfected cells could be identified
by fluorescence and/or selection with puromycin. HEK-293T cells were transfected with one of
the 10 TcB Tins and TeB wild-type transposase {ratio of T transposon: I transposase). Stable
integration of the transgene was assessed by flow cvtometry by detection of mCherry
fluorescence for 10-30 davs post-transfection (Fig. 18).

{00159 1t was found that, under experimental conditions, stable expression of the transgene
mCherry was greatly enhanced using the CMV promoter compared to EFS. Transposition
appeared to only occur when sequence 1 IR/DRs was used. It was also found that transcription
of the cargo m the reverse direction promoted greater transposition activity compared to the
forward direction.

{80160} TcB Tu-8 showed the greatest transposition efficiency among the test 10 Tos by flow
cytometry. To confinm the transposition efficiency of T¢B Tn-8, HEK-293T cells were
transfected with TeB Tn-8 with WT transposase or V596 A mutant transposase. Two days post-
transfection, cells were re~plated with puromyein (Tug/mL) at a density of 3,000 cells/well of a 6
well plate in triplicate in DMEM complete media. After selection for two weeks, cach cell that
survived drag selection formed a colony, which was assessed for mCherry expression (Fig. 3A)
and counted to confirm stable integration of the transgene (Figs. 3B-C). Transposition
efficiency of TcB-Tn 8 was confirmed by expression of mCherry and puromycin resistant
colonies in HEK-293T cells.

[80161] EXAMPLE 3. EXEMPLARY TRANSPOSASE MUTANTS

[00162] The aim of this study was to generate TcBuster transposase mutants and examine their
transposition efficiency.
[006163] To this end, mventors have generated a consensus sequence by comparing ¢DNA and

amino acid sequences of wild-type TeB transposase to other similar transposases. For the
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comparison, sleeping beauty was resurrected by the alignment of 13 similar transposases and
SPIN by the alignment of SPIN like transposases from 8 separate organisms. SPIN and
TeBuster are a part of the abundant hAT family of transposases.

{00164 The hAT transposon family consists of two subfamilies: AC, such as has hobo, hermes,
and Tol2, and the Buster subfamily, such as SPIN and TcBuster. Amino acid sequence of
TcBuster was aligned to amino acid sequences of both AC and Buster subfamily members to
identify key amino acids that are not conserved in TcBuster that may be targets of hyperactive
substitutions. Alignment of TcBuster to the AC subfamily members Hermes, Hobo, Tag2,
Tam3, Herves, Restless, and Tol2 allowed us to identify amino acids within arcas of high
conservation that could be substituted m TeBuster (Fig. 4). Further, sequence alignment of
TcBuster to the Buster subfamily led to a larger number of candidate amino acids that may be
substituted (Fig. 5). Candidate TeB transposase mutants were generated using oligonucleotides
comprising site mutations as listed in Table 7. The mutants were then sequence verified, cloned

o pCDNA-DEST40 expression vector (Fig. 6) and mini-prepped prior to transfection.

Table 7

Amm? A?id Olige Name Gligoouclestide Sequence (3" -37) ;SQ
Substitutions NO
Q82E 'FF%%QSZE GATTTGCGAGEAGGTAGTCAAC y
Q82E o Q82E ACACAAAGTCCGTTGGGC 5
A3SRE PE ] CGCGTCTTCGAMTTGUTGTGTGAC 6
A35SE PBABEE | CGOATTCAACGGCOGAGA .
A3585 g;f?)’” 35 GCOCGTOTTCAgTTIGCTGTGTGACG 8
A358S ACDAISES | GCATTCAACGGCCGAGAC .
A338K gg;;%m% GOGCGTCTTCaag TTGCTGTGTGACG 2
A3SSK gg@“q 8| GCATTCAACGGCCGAGAC .
S447E POBSHTE | CAAGGTAAATERgOGCATTAACAGTATTAAATC ”
S447E el TR AAGATTGTGCTATTCGGE .
1452F poE CATTAACAGTITTAAATCAAAGTTGAAG ”
1452F s CGGCTATTTACCTTGAAG 53
N28IE If%;m‘ B CATCOCATGG 2l TGTGTTACT o
N28IE TCBN2SIE | GAGTGCTTTTCGAAATAGG 77
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REV
-
12230 E&%MQ CGGTCTTGC AcagCTGCTTGTGTTTG -
pa
. TCBI223Q o AT A (T
1223 e GCAACATCTGTTGACTCG -
PSI0D f\f\fg D T ATTTTCCAgGMACGTGTAATAATATCTCCTG 20
P510D TCBPS10D TCCAGAAAGGTGTTCTTAAG .
REV 31
P510N FeRRION ] GTATTITCCAMACGTGTAATAATATCTCC -
PS10N ggfp SN r e CAGAAAGGTGTTCTTAAG 3
— TCRESTTR T
E517R A CTCOTGGGTGegg AATCCTTTCAATG »
, TCBESITR S —
E517R e ATATTATTACACGTAGGTGG 35
TCBR390T -
K590T o GAAATTAGCACACGAGCTGTC 2
- TCRRS90T S
K590T o TGGAAATTCGTCCATCAG -
s
N885S TCBNSESS | (0 AGGTAGTCage AATTCCTCAC e
FWD 38
N885S gggmw:s TCGCAAATCACACAAAGTC 30
$109D g(g?smm TAAAGGCAAOZIGAATACTTCAAAAGAAAATGTAAC |
3 a4
5109D oD TAAAGGCAAGEaCGAATACTTCAAAAGAAAATGTAAC "
K135E ;%&“ B | GGACGATAACEagAACCTCCTGA 2
. TCBKI35E
K133E e CTTACGTATCGCTCAAAAGTATG .
D99A TB-D99AF | ACGCCATTTGgcaACAAAGCATC 44
DIoA TB-DIAR | TTCAGTTTGGCCGGGTTA 45
D324 TEB-DI32AF | ATACGTAAGGEcaGATAACAAGAACC 46
DI32A TeB-DI32A-R | CGCTCAAAAGTATGCTTC 47
E159A TeB-E159A-F | TACCATAGCGecgAAGTTGATCAAG 48
E159A TB-E159A-R | TATGCCTCGCCCTGTTTA 49
DI89A TB-DIBIAF | CCCCCTGTCCcaACGACTATTTC 50
D189A TCB-DISOAR | ACGAGATCAACTTTGCTC 51
D227A TEB-D22TAF | CGAGTCAACAgeaGTTGCCGGTC 52
D227A TeB-IN2TAR | TCCATCTGCAGOGTAAAC 53
F243A TCB-E243AF | GTACATACATEcaAGCTCTITTG 54
E243A TEB-E43AR | CTAACAAACACAAGCAGG 53
V3TIT TeB-V37TT-F | TCATACCGAAacgAGGTGGCTGTC 56
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V37T TeB-V377T-R | AGAAGAAGATTTTTATGCAGG 57
S225W TeB-8225W-F | GATGGACGAGtggACAGATGTTGC 58
S2235W TeB-S225W-R | TGCAGCGTAAACCCACAT 59
Y155F TeB-YI55F-F GGGCGAGGCAMACCATAGCGE 60
Y155F TeB-Y155F-R | TGTTTAGCTATTCTCAAACTGACGAGATAAG 61
DI32A TeB-D132A-F | ATACGTAAGGgeaGATAACAAGAACC 62
D132A TcB-DI32A-R | CGCTCAAAAGTATGCTTC 63
EI13%A TeB-EI3%9A-F | TACCATAGCGgegAAGTTGATCAAG 64
E159A TeB-E159A-R | TATGCCTCGCCCTGTTTA 65
D189A TeB-DI8IA-F | CCCCCTGTCCgeaACGACTATTTC 66
D18%A TeB-DISYA-R | ACGAGATCAACTTTGOTC 67
D227A TcB-D227A-F | CGAGTCAACAgeaGTTGCCGGTC 68
D227A TeB-D227A-R | TCCATCTGCAGCGTAAAC 69
EZ43A TeB-E243A-F | GTACATACATgca AGCTCTTTITG 70
E243A TeB-E243A-R | CTAACAAACACAAGCAGS 71
V3TIT TeB-V377T-F | TCATACCGAAacgAGGTGGCTOTC 72
V377T TeB-V377T-R | AGAAGAAGATTTTTATGCAGG 73
S224W TeB-8224W-F | GATGGACGAGtggACAGATCTTGC 74
S224W TeB-5224W-R | TGCAGCGTAAACCCACAT 75
Y155F TcB-Y155F-F GOGCGAGGCAMACCATAGCGG 76
Y135F TeB-Y155F-R | TOGTTTAGCTATTCTCAAACTGACCAGATAAG 77

{80165} To cxamine the transposition cfficiency of the TcB transposase mutants, HEK-293T

cells were transfected with TeB Tn-8 {mCherry-puromyein cassette) with WT transposase or

V596 A nmutant transposase, or the candidate transposase mutants in duplicate. Cells were grown

in DMEM complete (without drug selection) and mCherry expression was assessed by flow

cytometry on Dav 14 post-transfection. Over 20 TcB transposase mutants were wdentified that

had transposition efficiency greater than the wild-type transposase (Fig. 7). It was discovered

that among these examined mutants, one mutant transposase contaiming a combination of three

amino acid substitutions, DIRSA, V3777, and E469K, led to a substantial increase in

transposition activity, as compared to mutants containing respective single substitutions.

Mutants with high transposition activity also included, among others, K373E/ES78L, I452F,
A358K, V29T, N85S, S447E, E247K, and Q258T.

{00166} Among these examined mutants, it was discovered that most of substitutions to a

positively charged amino acid, such as Lysine (K} or Argimine (R}, in prosamity to one of the
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catalytic triad amino acids (12234, D289, and E589) increased transposition. In addition,
removal of a positive charge, or addition of a negative charge decreased transposition. These
data suggests that amino acids close to the catalytic domain may help promote the transposition
activity of TcB, in particular, when these amino acids are mutated to positively charged amino
acids.

{00167} The ammo acid sequence of the hyperactive TcBuster mutant D189A/V3TTT/E460K
(SEQ ID NO: 78) is illustrated m Fig. 12, Further mutational analysis of this mutant will be
performed. As iflustrated m Fig, 13, the TcBuster mutant DI8OA/VITTT/EA6OK/I452F (SEQ 1D
NO: 79) will be constructed.  As iflustrated in Fig. 14, the TcBuster mutant
DIS9A/VITTT/EAGOK/NESS (SEQ ID NOG: 80) will be constructed. As illustrated w Fig. 15, the
Tc Buster mutant DEGA/V3ITTT/E469K/S358K (SEQ ID NG: 81) will be constructed. As
itlustrated in Fig. 16, the Tc Buster mutant DI189A/V3ITTT/E469K/KST3E/ESTRL (SEQ 1D NO:
133 will be constracted. In each of Figs. 12-16, the domains of TcBuster are mdicated as
follows: ZnF-BED (lowercase lettering), DNA Binding/oligomization domain (bold lettering},
catalytic domain (underlined lettering). and insertion domain (italicized lettering); the core
DIBOA/VITTT/EAGYK substitutions are indicated in Jarger, bold, #talicized, and underlined
letters; and the additional substitutions are ndicated in large, bold letters. Each of these
constructs will be tested as already described and are anticipated to show hyperactivity in
comparison to the wild type TcBuster.

[00168] EXAMPLE 4. EXEMPLARY FUSION TRANSPOSASE CONTAINING TAG

f00169] The aim of this study was to generate and examine the transposition efficiency of fusion

TeBuster transposases. As an example, protein tag, GST or PEST domain, was fused to N-
ternunus of TcBuster transposase to generate fusion TeBuster transposases. A flexible linker
GGSGGSGGSGGSOTS (SEQ 1D NO: 93, which was encoded by SEQ D NO: 10, was used to
separate the GST domamn / PEST domain from TcBuster transposase. The prescnce of this
flexibility hnker may minimize non-specific mteraction in the fusion protein, thus increasing its
activity. The exemplary fusion transposases were transfected with TeB Tn- § as deseribed above
and transposition efficiency was measured by mCherry expression on Day 14 by flow cytometry.
Transposition efficiency was not affected by tagging of GFP or PEST domain (Fig. 9),
suggesting that fusing the transposase DNA binding domains to direct integration of TcBuster
cargo to select genomic sites, such as safe harbor sites, could be a viable option for TcBuster

allowing for a safer integration profilc.
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{00170} EXAMPLE S, EXEMPLARY FUSION TRANSPOSASE COMPRISING TALE
DBOMAIN

[B8171] The aun of ths study 1s to generate a fusion TcBuster transposase comprising a TALE

domain and to examine the transposition activity of the fusion transposase. A TALE sequence
(SEQ ID NO: 11) 1s designed to target human AAVST (hAAVST) site of human genome. The
TALE seguence 1s thus fused to N-terminus of a wild-type TcBuster transposase (SEQ 1D NO:
1} to generate a fuston transposase. A flexible linker Gly4Ser2, which is encoded by SEQ 1D
NO: 12, is used to separate the TALE domain and the TcBuster transposase sequence. The
exemplary fusion transposase has an amino acid sequence SEQ 1D NG: 8.

{00172] The exemplary fusion transposase will be transfected with a TeB Tn-8 as described
above into Hela cells with the aid of electroporation. The TeB Tn-8 comprises a reporter gene
mCherry. The transfection efficiency can be examined by flow cvtometry 2 days post-
transfection that counts mCherry-positive cells. Furthermore, next-generation sequencing will
be performed to assess the mCherry gene tnsertion site in the genome. It is expected that the
designed TALE sequence can mediate the target insertion of the mCherry gene at a genomic site
near hAAVS] siie.

{08173 EXAMPLE 6. TRANSPOSITION EFFICIENCY IN PRIMARY HUMAN T-
CELLS

{00174} The aim of this study was to develop TcBuster transposon system to engimeer primary

CD3+ T cells. To this end, nventors incorporated an exemplary TcBuster transposon carryving a
GFP transgene into 2 mini-circle plasnud. Activated CD3+ T cells were electroporated with TcB
mini-circle transposon and RNA transposases, such as W TcBuster transposase, and seleet
exemplary mutants as described in Example 2. The transgene expression was monitored for 21
days post-clectroporation by flow cvtometry.

{00175] i was found that transposition of the TcB transposon was tmproved nearly two folds
using the exemplary mutants, V377T/E469K and V377T/E469K/D189A, 14 days post-
transfection compared to the WT TcBuster transposase and V596 A mutant transposase {Fig.
18A}. Further, mean transposition efficiency with the hyperactive mutants V377T/E469K and
V3TTT/E4A6OK/D189A was two (mean = 20.2) and three {(mean = 24.1) times more efficient
compared to SB11 (mean = 8.4), respectively.

{00176] Next, the viability of CD3+ T cells was assessed two days post- electroporation with the
mini-circle TeB transposon and RNA transposase. It was found that viability was moderately
decreased when CD3+ T-cells were transfected with TeB muni-circle and RNA transposase;

however, the cells gquickly recovered viability by Bay 7 (Fig. 16B). These experiments
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demonstrate the competency of the TcBuster transposon system, according to some
embodiments of the present disclosure, in ceHular engineering of primary T celis.
{08177 EXAMPLE 7. GENERATION OF CHIMERIC ANTIGEN RECEPTOR-
MOBIFIED TCELLS FOR TREATMENT OF CANCER PATIENT

[00178] A mini-circle plasmid containing aforcmentioned TeB To-8 construct can be designed

to harbor a chuneric antigen receptor (CAR) gene between the inverted repeats of the transposon.
The CAR can be designed {o have specificity for the B-cell antigen CD19, coupled with D137
{(a costimulatory receptor in T cells [4-1BB}) and CD3-z¢ta (a signal-transduction component of
the T-cell antigen receptor) signaling domains.

[00179] Autologous T cells will be obtamed from peripheral blood of a patient with cancer, for
example, levkemia. The T cells can be isolated by lysing the red blood cells and depleting the
monocytes by centrifugation through a PERCOLL™ gradient. CD3+ T cells can be isolated by
flow cvtometry using anti-CD3/anti-CD2 8-conjugated beads, such as DYNABEAD M-430
CD3/CD28T. The isolated T celis will be cultured under standard conditions according to GMP
guidance.

{00180] Genetic modification of the primary T cells will be conducted using a mutant TeBuster
transposase (SEQ ID NO: 13) comprising amine acid substitutions V377T, E469K, DIRSA,
K373E and E578L and the TeBuster Tn-8 transposase comprising the CAR | as described above.
The T cells will be electroporated in the presence of the mutant TcBuster transposase and the
CAR-containing Tn-8 transposase. Following transfection, T cells will be treated with
immunostimulatory reagents (such as ant-CD3 antibody and IL-2, H1L-7, and 1L~15) for
activation and expansion. Validation of the transfection will be performed by next-generation
sequencing 2 weeks post-transfection. The transfection efficiency and transgene Joad inthe
transfected T cells can be determined to assist the design of treatiuent regimen.  Certain measure
will also be taken to eluninate any safety concern if risky transgene insertion site is uncovered by
the sequencing results.

{60181} Infusion of the chameric antigen receptor modified T cells (CAR-T cells) back to the
cancer patient will start after validation of transgene insertion and iz vifro expansion of the CAR-
T cells to a chnically desirable level.

{00182 The infusion dose will be determined by a number of factors, including, but not imited
to, the stage of the cancer, the treatment history of the patient, and the CBC (complete blood cell
count) and vital signs of the patient on the day of treatment. Infusion dose may be escalated or
deescalated depending on the progression of the disease, the repulsion reaction of the patient,

and many other medical factors. In the meantime, during the treatment regimen, quantitative
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polymerase-chain-reaction (qPCR) analysis will be performed to detect chimeric antigen
receptor T cells in blood and bone marrow. The qPCR analysis can be utilized to make medical
decision regarding the dosing strategy and other treatment plans.

Table &8 Amino Acid and Nucleotide Sequences

Sequence Amine Acid Sequence Or Nucleotide Sequence (SEQ ID NO)

Description

Wild-type TcBuster
-
CLPPTLDSTRIIGEENKAGTTS RKKREYDEDR

{ransposase
YLNFGFTWTGDEDEPNGLCVICEQVVNNS SLNPAKLKRHLDTKHPTLKGKSEYFKRKC
NELNQKKHTFERYVRDDNKNLLKAS YLVS LRIARKQGEAYTIAEKLIKPCTKDLTTCVE

GEKFASKVDLVPLSDTTISRRIEDMSYFCEAVLVNRLEKNAKCGETLOMDESTDVAGLA

LLVEVRYIHESSFEEDMLEFCKALPTOTTGEEIFNLLNAYFEKHSIPWNLCYHICTDG

=}

AKAMVGVIKGVIARIKKLVPDIKASHCCLHREALAVKRIPNALHEVINDAVKMINFEIK

SRPINARVFALLCDDLGSLHRNLLLHTEVRWLSRGEVLTREWELRDETRIFFNEREFA

LONLAYIADIFSYLNEVNLSLOGPNSTIFKVNSRINSIKSKLKLWEECIT

KNNTECFANLNDFLETSNTALDPNLKSNI LEHLNGLEKNTFLEYFPPTCNNISWVENEF

NECGNVDTLRPIXKEREQLIDIRTDTTLKSSEVPDGIGPFWIKLMDEEPEI SKRAVKELM

Wild-type TcBuster | atgatgtigaatiggectgasaagtggasagetigaaagtcsat

transposase

cacctctogeaagaage

o
%)
»
Q
Q
m
o
0
»
0
[3)
el
©
o
T

acctectgazagettettateotecgtcagittgagaatagatas

taccatagedggagaagttgatcaageectigeaccaagoatetyga

ataaaaatcticttettcecataccgaagtygaggt

ccgattttgggaactgagagatgaaattagaattttecttcaacgaaagggaattttogce
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tatcgaaatagacttgatyg

ccatccagacattogacaaccttbgtas

(3EQ ID NO: 2}

RDR-L-Seql

Cagtgttcttcaacctttgececatcocggecggaacectttgtcgagatatttttttttat
£

coaactilc

ataag

TRDR-R-Seql

atgactcogeggasceccecgasagectttgggtggaacecetagggttecgecggaacacad

(SEQ ID NOC: 4)
Cctgecaggagtgttcttcaaccttigecate icogaaccctitgtecgagatatttt
tttttatggsacccttoatttagtaatacacccagatgagatittagggacagctoey

acaaactttaaacaaaczagataaatattcecaaa
aazzattaatgactitittgegecttgettattattaoes

tggatcgttgtttttt

RDR-R-Seq2

tttattttazsaac
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attctgaagageggeygaegy

pcDNA-DEST 40

gegatgtacgggecagatatacgeg

tigacattgatta aatcaattacyggggtcattagttocat

agcccatatatogad tacggtaastgygccegectggetgac

a3

atag

yegtatttoge

gogtgtgcetatgaa
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attaacct

cacatcaaaaacygce

i

aggctecatis

jaatataaatgtce

“ctogy

t

gacte

CC

0
8]
)

aaa

G
2

A

aata

o

cgcagaes

LaAcy

Hefers

t

:gcg

tgcragegece

I

a

3¢

sagctet

é

acaa

<

3
18}
O
o
o
&)
O
I5;
I8
I
o
o

ttoeoc

ggatt

aagy

tgtggsaagtcee

G

gtgteagttagy

gtec

a

tgcatctecaatt

o~
-

gacac

¥a

tctgatcaag

ga

ttey

atatccat

tgt

yggagett

oo

agetcc

aé

aaa

ttttgce

e

.

ttcgca

t

gt

Ci

gat

g

o}

getggs

Catcgty

aggcagegceygg

ga

ccctoaat

g

gt

jbceyg

=g

tce

995y

gacg

jaccca

te

o
g

tegte

gegegeatgoes

ctcaagge

agg

tcges

aacty

catc

oy
(o)

gga

oF
<o
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cg

cCy

cgccagotgeattaatg

gcttoocteg

cggtatcageteacts

tgacgotcaagte

ctctcaa
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googcasaaaagygaataagggecgacacgygaaatgttgaatactcatacteticott

Fusion Transposase

containing wild-type

caccacgaggcactggtgggc

o}
o
2
e
«
P
o
Iss

[ acacacgcgcecacategbttgecgote
TcBuster sequence cé 3ed cgttgeg

and TALE DNA-
binding domain
targeting human

AAVS1

‘GGAGCARAGTCGETGGCCATTG

\GACTTCTCCCAGTTCT

SATTGCGTCGCATGACGGA
GTCCAACGGCTCCTTCCCGTGTTGTGTCAAGCCCALG

AAGCAGGCGCT

ACGCCTGCACAAGTGETCG

GGAAACAGTACAGCGCC =CC i "CAGGA FGGACTGACGGCCAAG

crtbhcastont
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SEQ ID NO:

Jaacchcas

Flexible linker

(Example 4)

S

GG3GGESGGES

(SEQ ID NO:

Flexable linker

{Example 4)

GGAGGTAGTGG
(SEQ ID NOC:

C

TALE domain

targeting hAAVS]

site (Example 3)

agcoaacacco

cgttgccagagy

GGGAAACARGCATTGGAGACTGTCCAACGGCTH

GTTTGACGCCT

GGAAACAGTACA!

(3EQ ID NO:

ggatcecctecgacgett geegegeaggtogatbtetacycacyge
cagcagcagcaagada cgaaggtogocgttcgacagtggce

acacacgcgecacategttgegete

ggcagegttagggacco zcataatcac

cgacacacgasgacatcg

satcgccaagagggat

CAAAGG
GGCCATTG
CCAGTTCT
=CATGACGG.
AAGCCCACG
GCACAAGTGGTCGO ( CARTATTGGCGETAAGCAGGCGET
GCGCCTGCTGT

i1

Fleable linker

(Example 5

GGCCARGCTGG

CCGCCAC
(3EQ ID NO:

CCGEGEGGCELCCCTCECCETGGECEEEEECCCCAAGGCCECCGATAAA

C

Mutant TcBuster

transposase

containing V3777,

MM

YLNFGETWTGD

IDITGEENKAGT

E305QE055CYLENSNCLPPT! KKRKYDED

XKDEPNGLCVICEQVVNNS SLNPAXKLKRHLDTKHAPTLKGKSEYEKE
(WVRDDNKNLLRKASYLVSLRIAKQGEAYTIAEKLIKPCTKDLTTCVE
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E469K, D189A, GEKFASKVDLVPLSATTISRRIEDMS Y FCEAVLVN RLKNARCGETLOMDESTDVAGL
K573E and E5781, | ILLVFVRYIEESSFEEDMLFCKALPTQTTGEEIFNLLNAYFEKHSI PRNLCYHIC

ALONTLAYTAD]

"SYLNEVNLSLQ

KNNTKCFANLNDFLETSNTALDPNLKSNILEH

NECGNVDTLRPIXKEREQLIDIRTDTTLKSSEVE

PEVTTYLCEKS FSVYVATKTKYRNRLDAEDDMR

{60183} While preferred embodiments of the present invention have been shown and described
herein, it will be cbvious to those skilled m the art that such embodiments are provided by way
of example only. Numerous variations, changes, and substitutions will now occur to those
skilled i the art without departing from the invention. It should be understood that various
alternatives to the embodiments of the invention described herein may be employed in practicing
the invention. 1t is ntended that the following claims define the scope of the invention and that

methods and structures within the scope of these claims and their equivalents be covered therebv.



