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DESCRIPTION

[0001] The present invention relates to the field of self-replicating non-integrative episomal
vertebrate expression vectors useful for in gene therapy, ex vivo cell therapy, stem cell therapy,
and more particularly, for improving the expression of vector encoded antigens or therapeutic
genes. Such recombinant DNA molecules are useful in biotechnology, transgenic organisms,
gene therapy, stem cell therapy, therapeutic vaccination, agriculture and DNA vaccines. More
specifically, relates to a polynucleotide comprising at least one promoter and an S/MAR
element, wherein said S/MAR element is located downstream of said promoter and wherein
the nucleic acid sequence of said S/MAR element (S/MAR sequence) comprises at least 3
sequence motifs ATTA (SEQ ID NO:1) per 100 nucleotides over a stretch of at most 200
nucleotides; the present invention further relates to a composition and to a host cell comprising
said polynucleotide, and to the polynucleotide for use in medicine and for use in treating
genetic disease. The present invention also relates to a kit and to a device comprising said
polynucleotide, and to methods and uses related to the polynucleotide.

[0002] Genetic modification of cells is used routinely in modern cell culture for scientific
purposes. However, use of corresponding techniques in treatment of inherited diseases
caused by mutations of genes, while being highly desirable, still is hampered by the problem
that methods available usually only provide transient modification, such as transient
transfection protocols, whereas methods providing stable modification of cells such as with viral
lentiviral vectors or non-viral transposon vectors usually rely on integration of the transgene
into the genome of the host cell. Integration of a transgene, however, even if targeted to a
specific locus, bears the risk of inducing a deleterious mutation, which may lead e.g. to cancer
as a side effect of treatment.

[0003] Scaffold/matrix attachment regions (S/MARs), which are also known as scaffold-
attachment regions (SARs) or matrix-associated regions (MARs) are known as sequences in
the genome of eukaryotic organisms mediating attachment of the nuclear matrix. The S/IMARS
are AT rich sequences, and some AT-rich motifs were found to be further enriched (Liebeich et
al., (2002), NAR 30(15): 3433). A variety of vectors has been proposed for stable maintenance
in cells based on S/MAR motifs, e.g. in US 6,410,314 B1 and in Haase et al., (2010), BMC
Biotechnology 10:20; moreover, epigenetic effects having an influence on replication of such
vectors were identified (Haase et al., (013), PLOS One 8(11):e79262). Nonetheless, S/MAR
based vectors being stable enough for use in gene therapy are needed.

[0004] Suboptimal expression level, gene silencing and low establishment rate represent the
major limitations of S/MAR based vectors described in the art.

[0005] There is, therefore a need for improved means and methods for stable transfection of
cells, in particular using S/MAR elements and avoiding the risks involved with integration of the
transgene into the genome of the host cell. This problem is solved by the means and methods
disclosed herein.
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[0006] The present invention relates to vectors useful for non-integrative episomal gene
therapy and stem cell therapy, and more particularly, for improving transgene expression and
vector establishment efficiency of a self-replicating non-integrative episomal S/MAR expression
vector, and for eliminating antibiotic resistance marker gene transfer by non-viral vectors.

[0007] Improved vector methods and compositions that improve the expression and
establishment efficiency of a self-replicating non-integrative episomal S/MAR expression vector
in a target vertebrate cell are disclosed.

[0008] One object of the invention is to provide improved expression of a self-replicating non-
integrative episomal S/MAR expression vector in a target vertebrate cell.

[0009] Another object of the invention is to provide improved establishment efficiency of a self-
replicating non-integrative episomal S/MAR expression vector in a target vertebrate cell.

[0010] In one embodiment, the present technology provides a method for improving the
expression and establishment efficiency of a self-replicating non-integrative episomal S/MAR
expression vector in a target vertebrate cell comprising the following steps: a) providing a
episomal S/MAR expression vector comprising: i) a bacterial replication-selection region
comprising a bacterial origin of replication and a selectable marker; ii) a transcription unit for
expression of a transgene in a vertebrate cell, comprising a promoter, a 5' UTR, a transgene,
and a 3' UTR; iii)) an S/MAR insert located within said 3' UTR; and b) modifying the episomal
S/MAR expression vector such that the S/MAR is flanked by a 5' splice donor site and a 3'
splice acceptor site within said 3' UTR, whereby the resultant self-replicating non-integrative
episomal S/MAR expression vector has improved the expression and establishment efficiency
after transfection of a vertebrate cell. In a further embodiment said S/MAR contains internal
AATAAA transcription termination motifs. In a further embodiment said AATAAA transcription
termination motifs in said S/MAR are replaced with AATATT motifs. In a further embodiment
said S/MAR is selected from the group consisting of human Interferon beta S/MAR, M18
S/MAR, ApoL1 S/MAR. In a further embodiment said SMAR flanked by a 5' splice donor site
and a 3' splice acceptor site has at least 95% sequence identity to a sequence selected from
the group consisting of SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 22, and
SEQ ID NO: 23. In a further embodiment said bacterial origin of replication is an R6K gamma
replication origin. In a further embodiment said bacterial origin of replication is an R6K gamma
replication origin with at least 95% sequence identity to a sequence selected from the group
consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, and SEQ ID NO: 4. In a further
embodiment said selectable marker is an RNA-IN regulating RNA-OUT functional variant with
at least 95% sequence identity to a sequence selected from the group consisting of SEQ 1D
NO: 5, and SEQ ID NO: 7. In a further embodiment said selectable marker is an RNA-OUT
RNA selectable marker that encodes an RNA-IN regulating RNA-OUT RNA with at least 95%
sequence identity to SEQ ID NO: 6. In a further embodiment said bacterial replication-selection
region comprising a bacterial origin of replication and a selectable marker is a R6K origin-RNA-
OUT RNA selectable marker bacterial replication-selection region with at least 95% sequence
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identity to a sequence selected from the group consisting of SEQ ID NO: 8, SEQ ID NO: 9,
SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO:
15, SEQ ID NO: 16, and SEQ ID NO: 17. In a further embodiment said 5' UTR further encodes
an intron. In a further embodiment said transcription unit further encodes an expression
enhancer positioned upstream of the promoter. In a further embodiment said expression
enhancer has at least 95% sequence identity to a sequence selected from the group consisting
of SEQ ID NO: 27, and SEQ ID NO: 28. In a further embodiment said splice donor site has at
least 95% sequence identity to SEQ ID NO:25. In a further embodiment said splice acceptor
site has at least 95% sequence identity to SEQ ID NO: 26. In a further embodiment said self-
replicating non-integrative episomal S/MAR expression vector is selected from the group
consisting of plasmid vector, Nanoplasmid vector, Integration-Deficient Lentivirus vector, and
Non-integrating Lentiviral vectors.

[0011] In another embodiment, the present technology provides an antibiotic marker free
covalently closed circular recombinant DNA molecule comprising: a) an antibiotic marker free
transcription unit for expression of a transgene in a vertebrate cell, comprising a promoter, a 5'
UTR, a transgene, and a 3' UTR; b) an S/MAR located within said 3' UTR wherein said S/MAR
is flanked by a 5' splice donor site and a 3' splice acceptor site; ¢) an R6K gamma replication
origin with at least 95% sequence identity to a sequence selected from the group consisting of
SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, and SEQ ID NO: 4; and d) an RNA-OUT RNA
selectable marker comprising an RNA-IN regulating RNA-OUT functional variant with at least
95% sequence identity to a sequence selected from the group consisting of SEQ ID NO: 5, and
SEQ ID NO: 7. In a further embodiment said R6K gamma replication origin and said RNA-OUT
RNA selectable marker comprise a R6K origin-RNA-OUT RNA selectable marker bacterial
replication-selection region with at least 95% sequence identity to a sequence selected from
the group consisting of SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID
NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, and SEQ ID NO: 17.
In a further embodiment said S/MAR is selected from the group consisting of human Interferon
beta S/MAR, M18 S/MAR, ApoL1 S/MAR. In a further embodiment said S/MAR contains
internal AATAAA transcription termination motifs. In a further embodiment said AATAAA
transcription termination motifs in said S/IMAR are replaced with AATATT motifs. In a further
embodiment said S/MAR is selected from the group consisting of human Interferon beta
S/MAR, M18 S/MAR, ApoL1 S/MAR. In a further embodiment said SMAR flanked by a 5' splice
donor site and a 3' splice acceptor site has at least 95% sequence identity to a sequence
selected from the group consisting of SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID
NO: 22, and SEQ ID NO: 23. In a further embodiment said 5' UTR further encodes an intron. In
a further embodiment said transcription unit further encodes an expression enhancer
positioned upstream of the promoter. In a further embodiment said expression enhancer has
at least 95% sequence identity to a sequence selected from the group consisting of SEQ 1D
NO: 27, and SEQ ID NO: 28. In a further embodiment said splice donor site has at least 95%
sequence identity to SEQ ID NO:25. In a further embodiment said splice acceptor site has at
least 95% sequence identity to SEQ ID NO: 26.

[0012] In another embodiment, the present technology provides an covalently closed circular
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recombinant DNA molecule comprising: a) an transcription unit for expression of a transgene in
a vertebrate cell, comprising a promoter, a 5' UTR, a transgene, and a 3' UTR; b) an S/MAR
located within said 3' UTR wherein said S/MAR is flanked by a 5' splice donor site and a 3'
splice acceptor site; ¢) an R6K gamma replication origin with at least 95% sequence identity to
a sequence selected from the group consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3,
and SEQ ID NO: 4; and d) an RNA-OUT RNA selectable marker comprising an RNA-IN
regulating RNA-OUT functional variant with at least 95% sequence identity to a sequence
selected from the group consisting of SEQ ID NO: 5, and SEQ ID NO: 7. In a further
embodiment said R6K gamma replication origin and said RNA-OUT RNA selectable marker
comprise a R6K origin-RNA-OUT RNA selectable marker bacterial replication-selection region
with at least 95% sequence identity to a sequence selected from the group consisting of SEQ
ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13,
SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, and SEQ ID NO: 17. In a further embodiment
said S/MAR is selected from the group consisting of human Interferon beta S/MAR, M18
S/MAR, ApolL1 S/MAR. In a further embodiment said S/MAR contains internal AATAAA
transcription termination motifs. In a further embodiment said AATAAA transcription termination
motifs in said S/MAR are replaced with AATATT motifs. In a further embodiment said S/MAR is
selected from the group consisting of human Interferon beta S/IMAR, M18 S/MAR, Apol1
S/MAR. In a further embodiment said SMAR flanked by a 5' splice donor site and a 3' splice
acceptor site has at least 95% sequence identity to a sequence selected from the group
consisting of SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 22, and SEQ ID
NO: 23. In a further embodiment said & UTR further encodes an intron. In a further
embodiment said transcription unit further encodes an expression enhancer positioned
upstream of the promoter. In a further embodiment said expression enhancer has at least 95%
sequence identity to a sequence selected from the group consisting of SEQ ID NO: 27, and
SEQ ID NO: 28. In a further embodiment said splice donor site has at least 95% sequence
identity to SEQ ID NO:25. In a further embodiment said splice acceptor site has at least 95%
sequence identity to SEQ ID NO: 26.

[0013] The resultant plasmids with a S/MAR flanked by a 5' splice donor site and a 3' splice
acceptor site within the 3' UTR have surprisingly improved establishment and transgene
expression than plasmids with a S/MAR within the 3' UTR without flanking splice donor and
acceptor sites.

BRIEF DESCRIPTION OF THE FIGURES

[0014]

FIG. 1 depicts the pCl intron, with splice donor (SD) branch point and splice acceptor (SA)
regions. FIG. 2 depicts the interferon beta S/IMAR (top), and a SD interferon beta S/IMAR SA
derivative (middle), as well as a SD interferon beta S/IMAR SA derivative in which the internal
AATAAA polyadenylation signals were mutated (bottom).
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FIG. 3 depicts the interferon beta S/IMAR derivative M18 with flanking SD and SA sites.
FIG. 4 depicts the 805 bp (top) or 525 bp (bottom) apoB S/MAR with flanking SD and SA sites.
FIG. 5 depicts the pMAX-UCOE-coGFP P2A-PuroR-NP (pSMARt UCOE) vector.

FIG. 6 depicts the NTC9385R-UCOE-CMV- coGFP P2A-PuroR -SMAR-SV40 pA (NP-UCOE)
and NTC9385R-UCOE-CMV- coGFP P2A-PuroR - SD SMAR- SA SV40 pA (NP-UCOE-SP)
vectors.

FIG. 7 depicts the NTC9385R-SP-UCOE-CMV-GFP SMARter (NP-SMARter-SP) and
NTC9385R- SP-UCOE-CMV-GFP CMARter (NP-CMARter-SP) vectors.

FIG. 8 depicts the NTC9385R- UCOE EF1 -coGFP SD -SMAR SA SV40 pA (NP-UCOE-EF1-
SP) and NTC9385R- UCOE EFI-coGFP-SD SMAR R6K-R-OUT-SA pA (UCOE-EF1-SP-NP)
vectors.

FIG. 9 depicts the NTC9385R-SP-ELE40-CMV-GFP CMARter (NP-Ele40-CMARter-SP) vector.

FIG. 10 depicts improved expression of established S/MAR vectors with and without flanking
SD and SA sites. Left panel: MFI of HEK293T cells established with a S/MAR vector with and
without splice junctions. The vectors contain NP bacterial region, the genomic insulator UCOE,
the expression cassette GFP -2A-PuroR driven by the CMV promoter and the interferon beta
S/MAR in the 3' UTR with (Nano-S/MAR-splice = NP-UCOE-SP; NTC9385R-UCOE-CMV-
coGFP P2A- PuroR - SD SMAR- SA SV40 pA Figure 6) or without (NP-UCOE; NTC9385R-
UCOE-CMV- coGFP P2A-PuroR -SMAR-SV40 pA, Figure 6) S/IMAR flanking SD and SA sites.
Right panel: the improved transcription expression is confirmed by real time PCR analysis. The
expression of the transgene GFP was normalized to the housekeeping gene GAPDH.

FIG. 11 depicts improved expression of established S/MAR vectors with and without flanking
SD and SA sites. MFI of established cells (HEK293T and primary Mouse Embryonic Fibroblast)
with vectors harboring different S/MARs flanked by splicing junctions. Vector names are as in
Figures 5,6 and 7.

FIG. 12 depicts improved establishment of S/MAR vectors with and without flanking SD and SA
sites. Colony forming assay conducted in HEK293T with vectors harboring two different
S/MARs with and without flanking SD and SA sites. pEPI is a CMV promoter plasmid vector
with a 3' UTR interferon beta S/MAR.

FIG. 13: Efficiency of establishment and analysis of the genetically modified cell population: A)
A cell culture plate with Crystal Violet stained colonies having formed after 4 weeks selection
with Puromycin; the efficiency of vector establishment was approximately 40%; b) FACS
detection of GFP fluorescence in Puromycin selected cells; fluorescence is very homogenous
and the number of non-fluorescing cells is extremely low.

FIG.14: Result of plasmid rescue of pS/MARt vectors from established cell populations: DNA
from bacterial colonies (numbers 1 to 12) obtained in a plasmid rescue experiment were
digested with BamHI and were resolved by agarose gel electrophoresis; the lanes labeled with
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"p/SMART" contain DNA from a colony of bacteria carrying the original plasmid treated the
same as above.

FIG. 15: Southern blot of pSMARt vectors maintained in selected cells: oligonucleotides
hybridizing to the GFP gene of pS/MART were used as probes to detect BamHI restricted
vector DNA in extracts from host cells (pS/MARt1 to 3); the non-transfected vector was used as
a control ("pS/MARt(+)").

FIG. 16: Vector map of pS/MART; ori: bacterial origin of replication, P2A: sequence encoding
the self-cleaving 2A peptide from porcine teschovirus-1, apolipoB MAR: S/MAR sequence from
the apolipoprotein B gene.

Table 1: pNTC multiple cloning site flanked R6K Origin-RNA-OUT selection marker vectors.

Table 2: Transient expression of S/MAR vectors after transfection into A549 and HEK293 cell
lines.

Table 3: Transient expression of S/IMAR vectors after transfection into A549 and HEK293 cell
lines.

Table 4: Transient expression of S/IMAR vectors after transfection into A549 and HEK293 cell
lines.

SEQ ID NO:1: R6K gamma origin

SEQ ID NO:2: 1 CpG R6K gamma origin

SEQ ID NO:3: CpG free R6K gamma origin

SEQ ID NO:4: Extended R6K gamma origin

SEQ ID NO:5: RNA-OUT Selectable Marker

SEQ ID NO:6: RNA-OUT antisense repressor RNA

SEQ ID NO:7: 2 CpG RNA-OUT Selectable Marker SEQ ID NO:8: R6K gamma origin-RNA-
OUT bacterial region flanked by Nhel and Kpnl restriction sites

SEQ ID NO:9: 1 CpG R6K gamma origin-2 CpG RNA-OUT bacterial region flanked by Nhel
and Kpnl restriction sites

SEQ ID NO:10: pNTC-NP1 polylinker trpA R6K-RNA-OUT polylinker cloning cassette:
EcoRI/Hindlll

SEQ ID NO:11: pNTC-NP2 polylinker trpA R6K-RNA-OUT polylinker cloning cassette:
EcoRI/Hindlll

SEQ ID NO:12: pNTC-NP3 polylinker trpA R6K-RNA-OUT polylinker cloning cassette:
EcoRI/Hindlll
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SEQ ID NO:13: pNTC-NP4 polylinker trpA R6K-RNA-OUT polylinker cloning cassette:
EcoRI/Hindlll

SEQ ID NO:14: pNTC-NP5 polylinker trpA R6K-RNA-OUT polylinker cloning cassette:
Kasl/Hindlll

SEQ ID NO:15: pNTC-NP6 polylinker trpA R6K-RNA-OUT polylinker cloning cassette:
EcoRl/Sacl

SEQ ID NO:16: pNTC-NP7 polylinker trpA R6K-RNA-OUT polylinker cloning cassette:
BssHII/BssHII

SEQ ID NO:17: pNTC-3xCpG NP1 polylinker R6K-RNA-OUT polylinker cloning cassette:
Hindlll/EcoRI

SEQ ID NO:18: Human Interferon beta S/IMAR flanked by 5' Bglll-Xhol site and 3' EcoRI
restriction enzyme sites

SEQ ID NO:19: Splice donor-human Interferon beta S/IMAR-splice acceptor flanked by 5' Bglll
site and 3' BamHlI restriction enzyme sites

SEQ ID NO:20: Splice donor-human Interferon beta S/MAR (-AATAAA)-splice acceptor flanked
by 5' Bglll site and 3' BamHI restriction enzyme sites

SEQ ID NO:21: Splice donor-human Interferon beta M18 S/MAR-splice acceptor flanked by &'
Bglll site and 3' BamHI restriction enzyme sites

SEQ ID NO:22: Splice donor-805 bp human Apolipoprotein B S/MAR-splice acceptor flanked by
5' Bglll site and 3' BamHI restriction enzyme sites

SEQ ID NO:23: Splice donor-525 bp human Apolipoprotein B S/MAR-splice acceptor flanked by
5' Nsil site and 3' BamHI restriction enzyme sites

SEQ ID NO:24: pCl intron

SEQ ID NO:25: pCl Splice donor

SEQ ID NO:26: pCl Splice acceptor (murine 1gG)
SEQ ID NO:27: Ele40 expression enhancer

SEQ ID NO:28: A2UCOE expression enhancer

SEQ ID NO:29: Splice acceptor consensus sequence
SEQ ID NO: 30: sequence motif

SEQ ID NO: 31: sequence motif

SEQ ID NO: 32: sequence motif



DK/EP 3684925 T3

SEQ ID NO: 33: sequence motif

SEQ ID NO: 34: sequence motif

SEQ ID NO: 35: sequence motif

SEQ ID NO: 36: puromycin acetyltransferase, synthetic construct

SEQ ID NO: 37: puromycin acetyltransferase encoding sequence, synthetic
SEQ ID NO: 38: anti-repressive element40

SEQ ID NO: 39: CMV Promoter - S/MAR sequence

SEQ ID NO: 40: CMV Promoter - Puromycin - S/MAR sequence

SEQ ID NO: 41: Element40-GPF-P2A-Puromycin-S/MAR

[0015] As used in the following, the terms "have", "comprise" or "include" or any arbitrary
grammatical variations thereof are used in a non-exclusive way. Thus, these terms may both
refer to a situation in which, besides the feature introduced by these terms, no further features
are present in the entity described in this context and to a situation in which one or more
further features are present. As an example, the expressions "A has B", "A comprises B" and
"Aiincludes B" may both refer to a situation in which, besides B, no other element is present in
A (i.e. a situation in which A solely and exclusively consists of B) and to a situation in which,
besides B, one or more further elements are present in entity A, such as element C, elements
C and D or even further elements.

[0016] Further, as used in the following, the terms "preferably”, "more preferably”, "most
preferably”, "particularly”, "more particularly”, "specifically”, "more specifically” or similar terms
are used in conjunction with optional features, without restricting further possibilities. Thus,
features introduced by these terms are optional features and are not intended to restrict the
scope of the claims in any way. The invention may, as the skilled person will recognize, be
performed by using alternative features. Similarly, features introduced by "in an embodiment of
the invention” or similar expressions are intended to be optional features, without any
restriction regarding further embodiments of the invention, without any restrictions regarding
the scope of the invention and without any restriction regarding the possibility of combining the

features introduced in such way with other optional or non-optional features of the invention.

[0017] Moreover, if not otherwise indicated, the term "about" relates to the indicated value with
the commonly accepted technical precision in the relevant field, preferably relates to the
indicated value + 20%, more preferably + 10%, most preferably £ 5%. Further, the term
"essentially” indicates that deviations having influence on the indicated result or use are
absent, i.e. potential deviations do not cause the indicated result to deviate by more than £
20%, more preferably £ 10%, most preferably + 5%. Thus, "consisting essentially of means
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including the components specified but excluding other components except for materials
present as impurities, unavoidable materials present as a result of processes used to provide
the components, and components added for a purpose other than achieving the technical
effect of the invention. For example, a composition defined using the phrase "consisting
essentially of encompasses any known acceptable additive, excipient, diluent, carrier, and the
like. Preferably, a composition consisting essentially of a set of components will comprise less
than 5% by weight, more preferably less than 3% by weight, even more preferably less than
1%, most preferably less than 0.1% by weight of non-specified component(s). In the context of
nucleic acid sequences, the term "essentially identical" indicates a %identity value of at least
80%, preferably at least 90%, more preferably at least 98%, most preferably at least 99%. As
will be understood, the term essentially identical includes 100% identity. The aforesaid applies
to the term "essentially complementary” mutatis mutandis.

[0018] The term "polynucleotide", as used herein, refers to a linear or circular nucleic acid
molecule. The term encompasses single as well as partially or completely double-stranded
polynucleotides. Preferably, the polynucleotide is RNA or is DNA, including cDNA. Moreover,
comprised are also chemically modified polynucleotides including naturally occurring modified
polynucleotides such as glycosylated or methylated polynucleotides or artificially modified
derivatives such as biotinylated polynucleotides. The polynucleotide of the present invention
shall be provided, preferably, either as an isolated polynucleotide (i.e. isolated from its natural
context) or in genetically modified form. The polynucleotide of the invention comprises at least
one promoter active in a host cell and an S/MAR element; moreover, the polynucleotide has
the biological activity of replicating episomally in a host cell, all as specified herein below.
Preferably, the polynucleotide has a length of at most 1 Mb, more preferably at most 500 kb,
even more preferably at most 200 kb, most preferably at most 100 kb. Preferably, the
polynucleotide is a non-naturally occurring polynucleotide; thus, preferably, the nucleotide is an
artificial polynucleotide. Also preferably, the polynucleotide is a chimeric polynucleotide; more
preferably, the polynucleotide comprises at least one nucleic acid sequence heterologous to
the remaining nucleic acid sequences it comprises.

[0019] As used herein, the term polynucleotide, preferably, includes variants of the specifically
indicated polynucleotides. More preferably, the term polynucleotide relates to the specific
polynucleotides indicated. The term "polynucleotide variant”, as used herein, relates to a
variant of a polynucleotide related to herein comprising a nucleic acid sequence characterized
in that the sequence can be derived from the aforementioned specific nucleic acid sequence
by at least one nucleotide substitution, addition and/or deletion, wherein the polynucleotide
variant shall have the biological activity or activities as specified for the specific polynucleotide.
Thus, it is to be understood that a polynucleotide variant as referred to in accordance with the
present invention shall have a nucleic acid sequence which differs due to at least one
nucleotide substitution, deletion and/or addition. Preferably, said polynucleotide variant
comprises an ortholog, a paralog or another homolog of the specific polynucleotide or of a
functional subsequence thereof, e.g. of an S/IMAR element. Also preferably, said polynucleotide
variant comprises a naturally occurring allele of the specific polynucleotide or of a functional
subsequence thereof. Polynucleotide variants also encompass polynucleotides comprising a
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nucleic acid sequence which is capable of hybridizing to the aforementioned specific
polynucleotides or functional subsequences thereof, preferably, under stringent hybridization
conditions. These stringent conditions are known to the skilled worker and can be found in
standard textbooks A preferred example for stringent hybridization conditions are hybridization
conditions in 6x sodium chloride/sodium citrate (= SSC) at approximately 45°C, followed by one
or more wash steps in 0.2x SSC, 0.1% SDS at 50 to 65°C. The skilled worker knows that these
hybridization conditions differ depending on the type of nucleic acid and, for example when
organic solvents are present, with regard to the temperature and concentration of the buffer.
For example, under "standard hybridization conditions" the temperature differs depending on
the type of nucleic acid between 42°C and 58°C in aqueous buffer with a concentration of 0.1x
to 5x SSC (pH 7.2). If organic solvent is present in the abovementioned buffer, for example
50% formamide, the temperature under standard conditions is approximately 42°C. The
hybridization conditions for DNA:DNA hybrids are preferably for example 0.1x SSC and 20°C to
45°C, preferably between 30°C and 45°C. The hybridization conditions for DNA:RNA hybrids
are preferably, for example, 0.1x SSC and 30°C to 55°C, preferably between 45°C and 55°C.
The abovementioned hybridization temperatures are determined for example for a nucleic acid
with approximately 100 bp (= base pairs) in length and a G+C content of 50% in the absence of
formamide; accordingly, other conditions more suitable for low-G+C DNA, which are in principle
known to the skilled person, may be found to be more appropriate by the skilled person. The
skilled worker knows how to determine the hybridization conditions required by referring to
standard textbooks. Alternatively, polynucleotide variants are obtainable by PCR-based
techniques such as mixed oligonucleotide primer- based amplification of DNA, i.e. using
degenerated primers against conserved domains of a polypeptide of the present invention.
Conserved domains of a polypeptide may be identified by a sequence comparison of the
nucleic acid sequence of the polynucleotide or the amino acid sequence of the polypeptide of
the present invention with sequences of other organisms. As a template, DNA or cDNA from
bacteria, fungi, plants or, preferably, from animals may be used. Further, variants include
polynucleotides comprising nucleic acid sequences which are at least 70%, at least 75%, at
least 80%, at least 85%, at least 90%, at least 95%, at least 98% or at least 99% identical to the
specifically indicated nucleic acid sequences or functional subsequences thereof. Moreover,
also encompassed are polynucleotides which comprise nucleic acid sequences encoding
amino acid sequences which are at least 70%, at least 75%, at least 80%, at least 85%, at least
90%, at least 95%, at least 98% or at least 99% identical to the amino acid sequences
specifically indicated. The percent identity values are, preferably, calculated over the entire
amino acid or nucleic acid sequence region. A series of programs based on a variety of
algorithms is available to the skilled worker for comparing different sequences. In this context,
the algorithms of Needleman and Wunsch or Smith and Waterman give particularly reliable
results. To carry out the sequence alignments, the program PileUp (J. Mol. Evolution., 25, 351-
360, 1987, Higgins et al., CABIOS, 5 1989: 151-153) or the programs Gap and BestFit
(Needleman and Wunsch (J. Mol. Biol. 48; 443-453 (1970)) and Smith and Waterman (Adv.
Appl. Math. 2; 482-489 (1981))), are preferably used. Preferably, said programs are used with
their standard parameters. The sequence identity values recited above in percent (%) are to
be determined, preferably, using the program GAP over the entire sequence region with the
following settings: Gap Weight: 50, Length Weight: 3, Average Match: 10.000 and Average
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Mismatch: 0.000, which, unless otherwise specified, shall always be used as standard settings
for sequence alignments.

[0020] A polynucleotide comprising a fragment of any of the specifically indicated nucleic acid
sequences, said polynucleotide retaining the indicated activity or activities, is also
encompassed as a variant polynucleotide of the present invention. A fragment as meant
herein, preferably, comprises at least 200, preferably at least 300, more preferably at least 400
consecutive nucleotides of any one of the specific nucleic acid sequences; or encodes an
amino acid sequence comprising at least 100, preferably at least 200, more preferably at least
300 consecutive amino acids of any one of the specific amino acid sequences and still having
the indicated activity.

[0021] The polynucleotides of the present invention either consist, essentially consist of, or
comprise the aforementioned nucleic acid sequences. Thus, they may contain further nucleic
acid sequences as well. Specifically, the polynucleotides of the present invention may encode
e.g. fusion proteins or selectable markers. Such fusion proteins may comprise as additional
part polypeptides for monitoring expression (e.g., green, yellow, blue or red fluorescent
proteins, alkaline phosphatase and the like) or so called "tags" which may serve as a
detectable marker or as an auxiliary measure for purification purposes. Tags for the different
purposes are well known in the art and are described elsewhere herein.

[0022] Also preferably, the polynucleotide comprises at least one cargo sequence. The term
"cargo sequence”, as used herein, relates to a nucleic acid sequence of interest of being
transferred into and stably maintained in a host cell. Preferably, the cargo sequence is a
nucleic acid sequence encoding a polynucleotide, e.g. an RNA, and/or a polypeptide of
interest. Preferably, the polypeptide of interest is a therapeutic polypeptide, more preferably a
T Cell Receptor (TCR), more preferably a human or chimeric T Cell receptor, a Chimeric
Antigen Receptor (CAR), preferably MART1 TCR, or a polypeptide lacking in cells affected with
a genetic disease as specified elsewhere herein. Thus, e.g. preferably, the polynucleotide
comprises at least one cargo sequence encoding a polypeptide providing phenylalanine-
hydroxylase activity (EC 1.14.16.1) for treatment of phenylketonuria.

[0023] Preferably, the sequence encoding a selectable marker and the cargo sequence are
intervened by a sequence enabling expression of two (or more) polypeptides in a eukaryotic
cell from one mRNA, e.g. an internal ribosomal entry sequence (IRES) or, more preferably, a
self-cleaving peptide sequence such as, most preferably, a peptide 2A (P2A) sequence from
porcine teschovirus-1. Appropriate sequences are known in the art, e.g. from Kim et al. (2011)
PLoS ONE 6(4): €18556.

[0024] Preferably, the polynucleotide is a DNA. Preferably, the polynucleotide comprises
further expression control sequences allowing expression of genes in prokaryotic and/or
eukaryotic, preferably in eukaryotic host cells or isolated fractions thereof. Expression of said
polynucleotide comprises transcription of the polynucleotide, preferably into a translatable
MRNA. Regulatory elements ensuring expression in eukaryotic cells, preferably mammalian
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cells, are well known in the art. They, preferably, comprise regulatory sequences ensuring
initiation of transcription and, optionally, poly-A signals ensuring termination of transcription and
stabilization of the transcript. Additional regulatory elements may include transcriptional as well
as ftranslational enhancers. Examples for regulatory elements permitting expression in
eukaryotic host cells are the AOX1 or GAL1 promoter in yeast or the SMVP-, UG-, H1-, 7SK-,
CMV- EFS-, SV40-, or RSV-promoter (Rous sarcoma virus), CMV-enhancer, SV40-enhancer or
a globin intron in mammalian and other animal cells. Moreover, inducible or cell type-specific
expression control sequences may be comprised in a polynucleotide of the present invention.
Inducible expression control sequences may comprise tet or lac operator sequences or
sequences inducible by heat shock or other environmental factors. Suitable expression control
sequences are well known in the art. Besides elements which are responsible for the initiation
of transcription, such regulatory elements may also comprise transcription termination signals,
such as the SV40-poly-A site or the tk-poly-A site, downstream of the polynucleotide.

[0025] The term "host cell”, as used herein, relates to any cell capable of receiving and stably
replicating the polynucleotide. Preferably, the host cell is a eukaryotic cell, preferably a plant or
yeast cell, e.g. a cell of a strain of baker's yeast, or is an animal cell. More preferably, the host
cell is an insect cell or a mammalian cell, in particular a mouse or rat cell. Even more
preferably, the host cell is a mammalian cell, most preferably is a human cell. Preferably, the
host cell is a CD34+ Progenitor Cell; a CD61+ Thrombocyte; a CD19+ B-Lymphocyte; a CD14+
Monocyte; a CD15+ Granulocyte; a CD3+ Cytotoxic T-Lymphocyte, preferably also positive for
CD8 and CD45; a CD3+ Helper T-Lymphocyte, preferably also positive for CD4 and CD45; a
CD3+ activated T-Lymphocyte, preferably also positive for CD25 and CD45, a Tumor infiltrating
Lymphocyte, or a Natural Killer (NK) cell. As will be understood by the skilled person, the
polynucleotide may in addition have sequences permitting replication in a bacterial cell, in
particular a bacterial origin of replication. Preferably, the bacterial cell is a cell of a laboratory
strain of bacteria, more preferably an Escherichia coli cell.

[0026] The term "promoter” is, in principle, known to the skilled person as a genetic element
directing, optionally in concert with further regulatory elements, the level of transcription of a
given gene. A promoter may be constitutive, i.e. providing a constant level of transcription
essentially independent of a host cell's state, or may be regulated, i.e. provide levels of
transcription in dependence of a host cell's state. Moreover, a promoter may be cell type
and/or tissue specific, i.e. provide a detectable level of transcription only in a few or only one
cell type. Preferably, the promoter according to the present invention is active in the host cell
as specified herein above. As will be understood by the skilled person, the selection of
promoter may depend on the type of host cell intended for targeting; suitable promoters for
specific cell types as well as constitutive promoters are known in the art. Preferably, the
promoter is a eukaryotic promoter, more preferably a constitutive eukaryotic promoter, even
more a strong eukaryotic promoter. Preferably, the promoter is an EF1alpha (elongation factor
1 alpha) promoter, an UbIiC (ubiquitin C) promoter, a ROSA 26 promoter, a PGK
(phosphoglycerate kinase) promoter, and/or a CAG (chicken alpha-actin) promoter, more
preferably is an EF1alpha promoter. Also preferably, the promoter is a cell- and/or tissue-
specific eukaryotic promoter. As used herein, the term "promoter” is used for the promoter as
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specified above, whereas any other promoter potentially present on the polynucleotide in
addition is referred to as "secondary promoter". Thus, preferably, the promoter is a promoter
directing transcription into the S/MAR sequence in a host cell; also preferably, a promoter not
directing transcription into the S/MAR sequence of the polynucleotide, e.g. for being a
prokaryotic promoter, for being transcriptionally insulated from the S/MAR sequence, and/or for
being a promoter directing transcription away from the S/MAR sequence, is a secondary
promoter. Preferably, the promoter comprises less than 1000, more preferably less than 250,
even more preferably less than 100, most preferably less than 20 contiguous base pairs
corresponding to an Apolipoprotein B promoter; thus, preferably, the polynucleotide does not
comprise a human Apolipoprotein B promoter, more preferably does not comprise an
Apolipoprotein B promoter.

[0027] Preferably, the S/IMAR sequence is located immediately downstream of the promoter
and, if present, of the selectable marker gene as specified herein below. Preferably, being
located "immediately downstream” is lacking an intervening transcription termination signal,
more preferably is lacking an intervening gene. Thus, preferably, transcripts initiated at the
promoter and, if encoded, including the detectable marker sequence preferably comprise a
transcribed S/MAR sequence, more preferably comprise the complete S/MAR sequence
comprised in the polynucleotide; as will be understood by the skilled person in view of the
description elsewhere herein, the polynucleotide may further include splicing sites mediating
excision of the S/IMAR sequence from the primary transcript; thus, more preferably, preferably,
at least primary transcripts initiated at the promoter and, if encoded, including the detectable
marker sequence preferably comprise a transcribed S/IMAR sequence, more preferably
comprise the complete S/MAR sequence comprised in the polynucleotide. Also preferably, the
term "immediately downstream” includes a polynucleotide in which the promoter and the
S/MAR sequence are separated by elongated nucleic acid sequences, provided a transcription
termination signal is not intervening the promoter and the S/MAR.

[0028] Preferably, the sequence intervening the promoter or, if present, the stop codon of the
selectable marker gene and the S/MAR sequence has a length of at most 2 kb, more
preferably at most 0.5 kb, even more preferably at most 0.2 kb, still more preferably at most
0.1 kb, most preferably at most 50 bp.

[0029] The term "S/MAR element", also known under the designation "scaffold/matrix
attachment region”, is, in principle, known to the skilled person to relate to a DNA sequence
mediating attachment of the nuclear matrix of a eukaryotic cell to said DNA. S/MAR sequences
typically are derived from sequences in the DNA of eukaryotic chromosomes. A variety of
S/MAR sequences is available, and sequences are available from public databases, e.g. as
described in Liebich et al. (2002), Nucleic Acids Res. 30, 312-374. According to the present
invention, the nucleic acid sequence of said S/MAR element (hitherto referred to as S/MAR
sequence) comprises at least 3 sequence motifs ATTA per 100 nucleotides over a stretch of at
most 200 nucleotides. Thus, the motif comprised in the S/MAR sequence comprises a
multitude of the four-nucleotide motif 5'-ATTA-3'. Preferably, the S/IMAR sequence has a length
of at least 200 nucleotide, more preferably at least 300 nucleotides, even more preferably at
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least 400 nucleotides, most preferably at least 500 nucleotides. Preferably, the S/MAR
sequence has a length of at most 3 kb, more preferably at most 2 kb, even more preferably at
most 1.5 kb, still more preferably at most 1 kb, most preferably at most 0.9 kb. Thus,
preferably, the S/MAR sequence has a length of from 0.2 kb to 3 kb, more preferably of from
0.3 kb to 2 kb, even more preferably of from 0.4 kb to 1.5 kb, most preferably of from 0.5 kb to
1 kb. As will be understood, the indication "comprises n sequence motifs per 100 nucleotides"
relates to the average number of said sequence motifs calculated per 100 base pairs of
sequence and, accordingly, may be a fraction number. E.g. the number of ATTA sequence
motifs per 100 base pairs in SEQ ID NO:6 is 34 / 525 base pairs * 100 base pairs = 6.5.
Preferably, the number of sequence motifs per 100 base pairs is determined over the whole
length of the S/IMAR sequence; in case of doubt, e.g. where a boundary of the S/MAR
sequence cannot be determined, the number of sequence motifs per 100 base pairs of a
polynucleotide, preferably, is the highest number determinable for any window of 200 bp within
said polynucleotide, more preferably is the highest number determinable for any window of 500
bp within said polynucleotide. Preferably, the S/IMAR sequence comprises at least 4 sequence
motifs ATTA per 100 nucleotides over a stretch of at most 200 nucleotides, more preferably at
least 5 sequence motifs ATTA per 100 nucleotides over a stretch of at most 200 nucleotides,
still more preferably at least 6 sequence motifs ATTA per 100 nucleotides over a stretch of at
most 200 nucleotides. Also preferably, the S/IMAR sequence comprises at least 3 sequence
motifs ATTA per 100 nucleotides over a stretch of at most 400 nucleotides, more preferably at
least 4 sequence motifs ATTA per 100 nucleotides over a stretch of at most 400 nucleotides,
even more preferably at least 5 sequence motifs ATTA per 100 nucleotides over a stretch of at
most 400 nucleotides, most preferably at least 6 sequence motifs ATTA per 100 nucleotides
over a stretch of at most 400 nucleotides. Also preferably, the SIMAR sequence comprises at
least 3 sequence motifs ATTA per 100 nucleotides over a stretch of at most 500 nucleotides,
more preferably at least 4 sequence motifs ATTA per 100 nucleotides over a stretch of at most
500 nucleotides, still more preferably at least 5 sequence motifs ATTA per 100 nucleotides
over a stretch of at most 500 nucleotides, most preferably at least 6 sequence motifs ATTA per
100 nucleotides over a stretch of at most 500 nucleotides. Thus, preferably, the S/MAR
sequence comprises at least 10 sequence motifs ATTA over a sequence of 500 nucleotides,
more preferably at least 20 sequence motifs ATTA over a sequence of 500 nucleotides, still
more preferably at least 30 sequence motifs ATTA over a sequence of 500 nucleotides.
Preferably, at least 80%, more preferably at least 90%, most preferably at least 95% of the
ATTA motifs in the S/MAR sequence are separated by of from 9 to 13, preferably by 10 to 12,
most preferably by 11 base pairs, respectively.

[0030] Preferably, the S/MAR element comprises additional sequence motifs, preferably within
the sequence comprising the ATTA motifs described herein above. Preferably, the sequence
stretch of said S/MAR element comprising said ATTA sequence motifs further comprises at
least one sequence motif ATTTA, preferably at least 2 sequence motifs ATTTA, more
preferably at least 4 sequence motifs ATTTA, most preferably at least 8 sequence motifs
ATTTA. Also preferably, the sequence stretch of said S/MAR element comprising said ATTA
sequence motifs and, optionally, said ATTTA motif(s), further comprises at least one, preferably
at least two, more preferably at least four, most preferably at least six palindromic motifs,
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preferably motifs TAAATATTTTA (SEQ ID NO:30). Preferably, said motifs TAAATATTTTA are
contiguous with at least one motif ATTA on the 5' end and/or the 3' end. Also preferably, the
sequence stretch of the S/IMAR element comprising said ATTA sequence motifs comprises at
least one, preferably at least two, more preferably at least three, even more preferably at least
four, most preferably at least five sequence motifs ATTATAAATATTTTAATTA (SEQ ID NO:31),
more preferably sequence motifs ATTTAATTATAAATATTTTAATTA (SEQ ID NO:32).

[0031] Also preferably, the S/IMAR sequence has a low G+C content. The skilled person knows
how to calculate the C+G content of a known sequence by counting all guanine and cytidine
bases in the sequence and dividing the cumulated result by the number of nucleotides in the
sequence. Preferably, the sequence stretch of the S/IMAR element comprising said sequence
motifs ATTA has a G+C content of at most 30%, more preferably at most 20%, still more
preferably at most 15%, even more preferably at most 10%, most preferably at most 5%.
Preferably, in cases where the boundary of an S/MAR element cannot be determined, the
sequence used for calculation of the G+C content is the same used for calculating the number
of ATTA motifs per 100 base pairs, as specified herein above. Also preferably, the S/MAR
sequence has a low number of CG dinucleotides. Preferably, the sequence stretch of said
S/MAR element comprising said sequence motifs comprises at most 6 sequence motifs CG,
more preferably at most 4, even more preferably at most 2, most preferably does not comprise
a sequence motif CG.

[0032] Preferably, the S/IMAR sequence comprises an S/MAR sequence of an Apolipoprotein B
gene, preferably a human Apolipoprotein B gene, more preferably a 3' S/MAR sequence of a
human Apolipoprotein B gene. More preferably, the S/MAR sequence comprises a variant of a
human Apolipoprotein B gene, more preferably of a 3' S/MAR sequence of a human
Apolipoprotein B gene. Thus, preferably, the S/MAR sequence comprises a sequence at least
70% identical to the sequence of SEQ ID NO:33, preferably of SEQ ID NO:34 or 35. More
preferably, the S/MAR sequence comprises the nucleic acid sequence of SEQ ID NO:33,
preferably of SEQ ID NO:34, more preferably SEQ ID NO:35.

[0033] Preferably, the polynucleotide comprises a poly-A signal downstream of the S/MAR
element. More preferably, the polynucleotide comprises a poly-A signal and a transcription
termination signal downstream of the S/IMAR element. Also preferably, the S/MAR element is
flanked by a splice donor and a splice acceptor; thus, preferably, the S/MAR sequence
preferably is spliced out of the transcript encoding the selectable marker after transcription.
Also preferably, the polynucleotide further comprises a (secondary) bacterial origin of
replication as specified herein above and/or a bacterial selectable marker gene. Preferably, the
bacterial origin of replication and the promoter driving expression of the bacterial selectable
marker gene are prokaryote-specific, i.e., more preferably, are non-functional in a host cell.
Also preferably, the bacterial origin of replication and/or bacterial selectable marker gene,
preferably all elements active in a prokaryotic cell comprised in the polynucleotide, is/are
insulated from the residual sequences comprised in the polynucleotide by the presence of at
least one insulation element, more preferably by being flanked by insulation elements.
preferably, the bacterial origin of replication and/or bacterial selectable marker gene, preferably
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all elements active in a prokaryotic cell, is/are insulated from the residual sequences comprised
in the polynucleotide by the presence of at least one insulating element at the 5’ end and of at
least one insulating element at the 3' end. More preferably, the bacterial origin of replication
and/or bacterial selectable marker gene, preferably all elements active in a prokaryotic cell
comprised in the polynucleotide, is/are insulated from the promoter by the presence of at least
one insulation element, more preferably by being flanked by insulation elements. Preferably,
said insulation element(s) is(are) an anti-repressive element40 element (SEQ ID NO:38) or a
variant thereof and/or an S/MAR element.

[0034] Thus, preferably, the polynucleotide comprises the sequence of SEQ ID NO:34 or 35 or
of a sequence at least 70% identical to the sequence of SEQ ID NO:34 or 35; preferably of
SEQ ID NO:39 or of a sequence at least 70% identical to the sequence of SEQ ID NO:39, more
preferably of SEQ ID NO:40 or of a sequence at least 70% identical to the sequence of SEQ ID
NO:40, most preferably of SEQ ID NO:40 or of a sequence at least 70% identical to the
sequence of SEQ ID NO:41. Preferably, the polynucleotide comprises the sequence of SEQ ID
NO:41 with the nucleic acid sequence encoding GFP replaced by a nucleic acid sequence
encoding a different polypeptide, preferably a therapeutic polypeptide, more preferably human
T Cell Receptor (TCR), Chimeric Antigen Receptor (CAR), preferably MART1 TCR.

[0035] Preferably, the polynucleotide further comprises a coding sequence encoding a
selectable marker polypeptide, said selectable marker sequence intervening the promoter of
the polynucleotide and the S/MAR element of the polynucleotide, preferably wherein said
promoter and said selectable marker sequence together constitute a selectable marker gene.
As used herein, the term "selectable marker sequence” is used as a shorthand for the
expression "coding sequence encoding a selectable marker polypeptide”. The term "selectable
marker” is in principle understood by the skilled person and relates to a nucleic acid sequence
conferring, when expressed in a host cell, resistance to at least one condition mediating
selective pressure to a host cell when applied thereto. Selectable markers are known in the art
for prokaryotic and for eukaryotic cells. Preferably, the selectable marker is a selectable marker
of an eukaryotic cell. Preferably, the selectable marker is a selectable marker polypeptide,
more preferably a selectable marker polypeptide having transporter and/or enzymatic activity
removing a selective compound from a hot cell or modifying said selective compound to make
it inactive. Preferably, the selectable marker gene further encodes at least one intron,
preferably upstream of the sequence encoding the selectable marker polypeptide. Preferably,
the selectable marker is a marker mediating resistance to puromycin, to blasticidin, neomycin,
and/or to zeocin, more preferably to puromycin. Thus, preferably, the promoter and the
selectable marker together constitute a puromycin resistance gene, a blasticidin resistance
gene, a neomycin resistance gene, or a zeocin resistance gene, more preferably a puromycin
resistance gene. Preferably, the selectable marker gene is devoid of a poly-A signal and of
transcription termination signal(s).

[0036] Preferably the selectable marker is the puromycin acetyltransferase (Genbank Acc No.
KX548903.1 (SEQ ID NO:36), encoded by nucleotides 535 to 1134 of Genbank Acc No.
KX548903.1 (SEQ ID NO:37)). Thus, the selectable marker gene, preferably, comprises a
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nucleic acid sequence which a) causes expression of a puromycin resistance polypeptide
comprising the sequence of SEQ ID NO:36; b) causes expression of a puromycin resistance
polypeptide comprising a sequence at least 70% identical to the sequence of SEQ ID NO:36; ¢)
comprises the sequence of SEQ ID NO:37; d) comprises a sequence at least 70% identical to
the sequence of SEQ ID NO:37, e) comprises a nucleic acid sequence encoding a puromycin
resistance polypeptide comprising, preferably consisting of, the sequence of SEQ ID NO:36,
and/or f) comprises a nucleic acid sequence encoding a puromycin resistance polypeptide
comprising, preferably consisting of, a sequence at least 70% identical to the sequence of SEQ
ID NO:36.

[0037] As used herein, the term "replicating” relates to the activity of the polynucleotide to
induce production of at least two replicas of said polynucleotide in a host cell during a cell
replication cycle. Thus, preferably, replication of a polynucleotide in a host cell is determined by
determining the presence of the polynucleotide after a series of cell divisions, in which a non-
replicating polynucleotide would have been expected to be diluted out. Preferably, replication is
stable replication, i.e. is replication to such an extent that the polynucleotide still is detectable in
a host cell population after on average 50 cell divisions, more preferably after on average 100
cell divisions, most preferably after on average 250 cell divisions. Preferably, detection of a
polynucleotide in a host cell population is performed by PCR under standard conditions.

[0038] The term "episomal” replication is, in principle, known to the skilled person to relate to
replication of a polynucleotide without being integrated into the cellular genome, i.e. without
becoming covalently attached to the cellular genome. Thus, preferably, episomal replication of
a polynucleotide is replication of said polynucleotide as an autonomous replication unit.
Preferably, episomal replication is maintenance of the polynucleotide in the host cell in the form
of a circularly closed double-stranded DNA molecule. As will be understood by the skilled
person, the actual replication of said polynucleotide may involve other forms, e.g. in rolling
circle replication. Episomal maintenance of circular DNA preferably is verified by the plasmid
rescue procedure known to the skilled person; i.e. preferably, by preparing a lysate of host
cells and transforming the DNA comprised therein into appropriate bacterial cells, e.g. E. coli
cells; if a suitable number of bacterial colonies obtainable by said method comprises the
circular DNA as a plasmid having the same restriction pattern and/or sequence as the original
circular DNA, it is, preferably, assumed that the circular DNA was maintained episomally. A
further method of verifying episomal maintenance, which is also known to the skilled person, is
DNA/DNA blotting ("Southern Blot" method); thus, preferably, total DNA of host cells is
prepared and digested with one or more restriction enzyme(s); if in a Southern Blot using the
original plasmid as a probe only bands corresponding to the original circular DNA are visible, it
is preferably concluded that the plasmid is maintained episomally. More preferably, episomal
maintenance is verified as described herein in the Examples.

[0039] In accordance, the term "replicating episomally”, as used herein, relates to the activity
of a polynucleotide to induce production of at least two replicas of said polynucleotide in a host
cell during a cell replication cycle while said polynucleotide is present in said cell as an
autonomously replicating entity; and stable episomal replication is episomal replication to such



DK/EP 3684925 T3

an extent that the polynucleotide is still detectable in the host cell after at least 50 cell divisions,
preferably after at least 100 cell divisions, more preferably, after at least 250 cell divisions,
most preferably, after at least 500 cell divisions. Preferably, the aforesaid number of cell
divisions is the average number of cell divisions for a population of cells.

[0040] The polynucleotide of the present invention preferably is devoid of a of a simian virus
40 (SV40) origin of replication, a bovine papillomavirus (BPV) origin of replication, and an
Epstein-Barr virus (EBV) origin of replication, preferably is devoid of a polyomavirus origin of
replication, a papillomavirus origin of replication, and a herpesvirus origin of replication; more
preferably is devoid of an origin of replication of an eukaryote-infecting virus. More preferably,
the vector is devoid of any known eukaryotic origin of replication. However, preferably, the
polynucleotide further comprises a prokaryotic, preferably a bacterial origin of replication, in
particular an E. coli origin of replication. Preferably, the prokaryotic origin of replication is the
only origin of replication comprised in the polynucleotide.

[0041] Advantageously, it was found in the work underlying the present invention that by
combining an S/MAR element as specified with a promoter reading into said S/IMAR element, a
polynucleotide is obtained which is highly stable in episomal form in host cells, even in the
absence of a dedicated origin of replication. Moreover, it was found that efficacy of
establishment of the polynucleotide could be further improved by using a puromycin resistance
gene, by ensuring transcription into the S/MAR element through the resistance gene, and by
insulating the promoter - S/IMAR combination transcriptionally from other promoters potentially
presentin the polynucleotide.

[0042] The definitions made above apply mutatis mutandis to the following. Additional
definitions and explanations made further below also apply for all embodiments described in
this specification mutatis mutandis.

[0043] The present invention further relates to a composition comprising a polynucleotide
according to the present invention.

[0044] The term "composition”, as used herein, as used herein, relates to a composition of
matter comprising the compounds as specified and optionally one or more acceptable carrier.
Preferably, the composition is a pharmaceutically acceptable composition; thus, preferably, the
carrier is a pharmaceutically acceptable carrier. The compounds of the present invention can
be formulated as, preferably pharmaceutically acceptable, salts. Preferred salts comprise
acetate, methylester, HCI, sulfate, chloride and the like.

[0045] The carrier(s) must be acceptable in the sense of being compatible with the other
ingredients of the formulation and being not deleterious to the recipient thereof. A carrier
employed may be, for example, either a solid, a gel or a liquid. Exemplary of solid
pharmaceutical carriers are lactose, terra alba, sucrose, talc, gelatin, agar, pectin, acacia,
magnesium stearate, stearic acid and the like. Exemplary of liquid carriers are phosphate-
buffered saline solution, syrup, oil such as peanut oil and olive oil, water, emulsions, various
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types of wetting agents, sterile solutions and the like. Similarly, the carrier or diluent may
include time delay material well known to the art, such as glyceryl mono-stearate or glyceryl
distearate alone or with a wax. Said suitable carriers comprise those mentioned above and
others well known in the art, see, e.g., Remington's Pharmaceutical Sciences, Mack Publishing
Company, Easton, Pennsylvania. The diluent(s) is/are selected so as not to affect the biological
activity of the compounds in the composition. Examples of such diluents are distilled water,
physiological saline, Ringer's solutions, dextrose solution, and Hank's solution. In addition, the
pharmaceutical composition or formulation may also include other carriers, adjuvants, or
nontoxic, nontherapeutic, nonimmunogenic stabilizers and the like.

[0046] Preferably, the composition mediates entry of the polynucleotide into a host cell. Thus,
preferably the composition comprises at least one transfection agent. The selection of an
appropriate transfection agent may depend on the target host cell, as well as the specific
application envisaged. Transfection agents, appropriate transfection conditions, as well as
selection criteria therefor are well-known in the art. Also preferably, the composition comprises
virus-like particles. Thus, preferably, the polynucleotide is packaged into virus-like particles, i.e.
preferably, the polynucleotide is comprised in the virus-like particles.

[0047] Pharmaceutical compositions are, preferably, administered topically or systemically.
Suitable routes of administration conventionally used for drug administration are oral,
intravenous, or parenteral administration as well as inhalation. However, depending on the
nature and mode of action of a compound, the pharmaceutical compositions may be
administered by other routes as well. For example, polynucleotide compounds may be
administered in a gene therapy approach by using viral vectors or viruses or liposomes, as
specified herein above. Moreover, the compounds can be administered in combination with
other drugs either in a common pharmaceutical composition or as separated pharmaceutical
compositions wherein said separated pharmaceutical compositions may be provided in form of
a kit of parts. The compounds are, preferably, administered in conventional dosage forms
prepared by combining the drugs with standard pharmaceutical carriers according to
conventional procedures. These procedures may involve mixing, granulating and compressing
or dissolving the ingredients as appropriate to the desired preparation. It will be appreciated
that the form and character of the pharmaceutically acceptable carrier or diluent is dictated by
the amount of active ingredient with which it is to be combined, the route of administration and
other well-known variables.

[0048] A therapeutically effective dose of a pharmaceutical composition refers to an amount of
the compounds to be used in a pharmaceutical composition of the present invention which
prevents, ameliorates or treats the symptoms accompanying a disease or condition referred to
in this specification. Therapeutic efficacy and toxicity of such compounds can be determined by
standard pharmaceutical procedures in cell cultures or experimental animals, e.g., ED50 (the
dose therapeutically effective in 50% of the population) and LD50 (the dose lethal to 50% of
the population). The dose ratio between therapeutic and toxic effects is the therapeutic index,
and it can be expressed as the ratio, LD50/ED50.
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[0049] The dosage regimen will be determined by the attending physician and other clinical
factors; preferably in accordance with any one of the above described methods. As is well
known in the medical arts, dosages for any one patient depends upon many factors, including
the patient's size, body surface area, age, the particular compound to be administered, sex,
time and route of administration, general health, and other drugs being administered
concurrently. Progress can be monitored by periodic assessment. A typical dose can be, for
example, in the range of 1 to 1000 ug; however, doses below or above this exemplary range
are envisioned, especially considering the aforementioned factors. Generally, the regimen as a
regular administration of the pharmaceutical composition should be in the range of 1 ug to 10
mg units per day. If the regimen is a continuous infusion, it should also be in the range of 1 ug
to 10 mg units per kilogram of body weight per minute, respectively. Progress can be
monitored by periodic assessment. However, depending on the subject and the mode of
administration, the quantity of substance administration may vary over a wide range to provide
from about 0.01 mg per kg body mass to about 10 mg per kg body mass. In case a viral
vector, in particular adeno-associated viral vector is administered, preferred doses are from 5 x
1011, to 2 x 1013 viral particles or viral genomes / kg body weight; as will be understood, these
exemplary doses may be modified depending, in addition to the factors described above, on
additional factors like type of virus, target organ, and the like.

[0050] The pharmaceutical compositions and formulations referred to herein are administered
at least once in order to treat or ameliorate or prevent a disease or condition recited in this
specification. However, the said pharmaceutical compositions may be administered more than
one time, for example from one to four times daily up to a non-limited number of days.

[0051] Specific pharmaceutical compositions are prepared in a manner well known in the
pharmaceutical art and comprise at least one active compound referred to herein above in
admixture or otherwise associated with a pharmaceutically acceptable carrier or diluent. For
making those specific pharmaceutical compositions, the active compound(s) will usually be
mixed with a carrier or the diluent, or enclosed or encapsulated in a capsule, sachet, cachet,
paper or other suitable containers or vehicles. The resulting formulations are to be adopted to
the mode of administration, i.e. in the forms of tablets, capsules, suppositories, solutions,
suspensions or the like. Dosage recommendations shall be indicated in the prescribers or
users instructions in order to anticipate dose adjustments depending on the considered
recipient.

[0052] The present invention also relates to a polynucleotide according to the present
invention, a composition according to the present invention, and/or a host cell according to the
present invention, for use in medicine. The present invention further relates to a polynucleotide
according to the present invention, a compaosition according to the present invention, and/or a
host cell according to the present invention, for use in treating genetic disease.

[0053] The term "genetic disease", as used herein, relates to a disease causally linked to one
or more modifications, preferably mutations, in the genome of an individual. Thus, preferably,
the genetic disease is causally linked to one or more epigenetic changes, more preferably is
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causally linked to one or more genetic mutations. As will be understood, symptoms of a genetic
disease often are caused by expression of a mutated gene and/or lack of expression of a gene
providing normal function of the gene product in one or more specific tissue(s) and/or cell
type(s). Thus, it may be preferable to treat genetic disease only in those cells in which the
mutation contributes to disease. Preferably, the genetic disease is a monogenic disease, i.e. is
caused by a genetic alteration in one gene. More preferably, the genetic disease is a
monogenic recessive disease, i.e. is caused by genetic alterations in both alleles of a gene;
thus, preferably, the amelioration of symptoms is expected by provision of at least one
unaltered copy of the affected gene. Most preferably, the genetic disease is phenylketonuria,
alkaptonuria, Leber's Congenital Amaurosis, Choroideremia, or Stargardt disease.

[0054] The present invention also relates to a kit comprising a polynucleotide according to the
present invention and a compound mediating cell entry.

[0055] The term "kit", as used herein, refers to a collection of the aforementioned compounds,
means or reagents of the present invention which may or may not be packaged together. The
components of the kit may be comprised by separate vials (i.e. as a kit of separate parts) or
provided in a single vial. Moreover, it is to be understood that the kit of the present invention,
preferably, is to be used for practicing the methods referred to herein above. It is, preferably,
envisaged that all components are provided in a ready-to-use manner for practicing the
methods referred to above. Further, the kit, preferably, contains instructions for carrying out
said methods. The instructions can be provided by a user's manual in paper or electronic form.
In addition, the manual may comprise instructions for interpreting the results obtained when
carrying out the aforementioned methods using the kit of the present invention. As will be
understood from the above, the description of the kit comprising polynucleotides, preferably,
relates to a kit comprising corresponding vectors mutatis mutandis.

[0056] Preferably, the kit further comprises at least one compound mediating cell entry for the
polynucleotide it comprises, the term "compound mediating cell entry” relating to any means
suitable to cause a polynucleotide of the kit to enter the interior of a host cell, preferably a host
cell. Suitable compound mediating cell entry (delivery means) are known in the art and include
in particular transfection means, packaging compositions, and the like. Preferably, the
polynucleotide of the present invention is pre-packaged in a delivery means, e.g. in viral
particles, more preferably in replication-defective viral particles, most preferably in virus-like
particles (VLPs). The skilled person is aware of delivery means providing different specificities
for cellular receptors, such that delivery means appropriate for a given target host cell may be
selected.

[0057] The present invention further relates to a device comprising a polynucleotide according
to the present invention, a composition according to the present invention, and/or a host cell
according to the present invention.

[0058] The term "device", as used herein relates to a system of means comprising at least the
means operatively linked to each other as to allow administration of the compound or of the
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composition of the present invention. Preferred means for administering polynucleotides,
compositions, host cells are well known in the art. How to link the means in an operating
manner will depend on the type of means included into the device and on the kind of
administration envisaged. Preferably, the means are comprised by a single device in such a
case. Said device may accordingly include a delivery unit for the administration of the
compound or composition and a storage unit for storing said compound or composition until
administration. However, it is also contemplated that the means of the current invention may
appear as separate devices in such an embodiment and are, preferably, packaged together as
a kit. The person skilled in the art will realize how to link the means without further ado.
Preferred devices are those which can be applied without the particular knowledge of a
specialized technician. In a preferred embodiment, the device is a syringe, more preferably
with a needle, comprising the compound or composition of the invention. In another preferred
embodiment, the device is an intravenous infusion (IV) equipment comprising the compound or
composition. In another preferred embodiment, the device is an endoscopic device comprising
the compound or medicament for flushing a site of administration, or further comprising a
needle for topical application of the compound or composition, e.g. to a tumor. In still another
preferred embodiment the device is an inhaler comprising the compound of the present
invention, wherein, more preferably, said compound is formulated for administration as an
aerosol.

[0059] The present application also relates to a method for stably transfecting a host cell,
comprising

1. a) contacting said host cell with a polynucleotide according to the present invention, a
composition according to the present invention, and/or a host cell according to the
present invention, and,

2. b) thereby, stably transfecting a host cell.

[0060] The method for stably transfecting a host cell of the present invention, preferably, is an
in vitro method. Moreover, it may comprise steps in addition to those explicitly mentioned
above. For example, further steps may relate, e.g., to providing a host cell or a sample
comprising the same for step a), and/or applying selective pressure to the host cells contacted.
Moreover, one or more of said steps may be performed by automated equipment.

[0061] The term stably transfecting a host cell is understood by the skilled person to relate to
introducing a polynucleotide, preferably a heterologous polynucleotide into a cell such that the
polynucleotide is stable replicated by the host cell as specified herein above. Preferably, stable
transfection comprises stable episomal replication of the polynucleotide. Preferably, stable
transfecting comprises, after contacting, applying selective pressure to the host cell to select
for the presence of a selectable marker. The selective pressure is applied after contacting,
optionally excluding a first time frame allowing the polynucleotide to establish within the host
cell; the duration of said first time frame allowing the polynucleotide to establish within the host
cell will depend mostly on the type of host cell contacted and on the kind of selectable marker
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used; preferably, the duration of said first time frame allowing the polynucleotide to establish
within the host cell is of from 1 h to 48 h, more preferably of from 2 h to 24, most preferably of
from 3 h to 16 h. However, the duration of said first time frame allowing the polynucleotide to
establish within the host cell may also be zero, i.e. selective pressure may be applied
immediately after contacting or even during contacting. Selective pressure may be applied
continuously, i.e. at essentially all time points after the first time frame allowing the
polynucleotide to establish within the host cell, more preferably to prevent host cells not
comprising the polynucleotide from proliferating; or it may be applied transiently, more
preferably to remove cells not having received the polynucleotide. Preferably, transient
application of selective pressure is used in cases where cells are transferred back into an
organism after said contacting. It is, however, also envisaged that no selective pressure is
applied, in particular in cases where it is known that the efficiency of transfer of the
polynucleotide into target host cells is sufficiently high and/or where a pure population of
transgenic host cells is not of major importance.

[0062] The term "contacting”, as used in the context of the methods of the present invention, is
understood by the skilled person. Preferably, the term relates to bringing at least one
polynucleotide, vector, and/or host cell of the present invention in physical contact with a host
cell, e.g. allowing the host cell and the compound(s) to interact. Preferably, contacting includes
delivery of at least one polynucleotide of the present invention into the interior of a host cell,
preferably via a delivery means as specified above.

[0063] The present invention also relates to a method for treating genetic disease in a subject,
comprising

1. a) contacting said subject with a polynucleotide according to the present invention, a
composition according to the present invention, and/or a host cell according to the
present invention, and,

2. b) thereby, treating genetic disease in said subject.

[0064] The method for treating genetic disease of the present invention, preferably, is an in
vivo method. Moreover, it may comprise steps in addition to those explicitly mentioned above.
For example, further steps may relate, e.g., to providing a host cell or a sample comprising the
same for step a), and/or re-administering said sample or host cell into the subject. Thus, the
method for treating genetic disease, comprise the steps of the method for stably transfecting a
host cell as specified above. Moreover, one or more of said steps may be performed by
automated equipment.

[0065] Further, the present invention relates to a use of a polynucleotide of the present
invention for stably genetically modifying a host cell.

[0066] Also, the present invention relates to a use of a polynucleotide according to the present
invention, a composition according to the present invention, and/or a host cell according to the
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present invention, for the manufacture of a medicament. And to a use of a polynucleotide
according to the present invention, a compaosition according to the present invention, and/or a
host cell according to the present invention, for the manufacture of a medicament for treating
genetic disease, preferably monogenic disease, more preferably monogenic recessive
disease, most preferably phenylketonuria, alkaptonuria, Leber's Congenital Amaurosis,
Choroideremia, or Stargardt disease.

[0067] Also, the present invention relates to a use of a polynucleotide according to the present
invention, a composition according to the present invention, and/or a host cell according to the
present invention, for the genetic modification of a primary cell, preferably a primary dermal
fibroblast, for the generation of an Induced Pluripotent Stem Cells (IPSCs). Preferably, said
primary cell is a mouse or a human primary cell.

[0068] The term "primary cell" is understood by the skilled person as opposed to a cell of a
cultured cell line; thus, preferably, a primary cell is a cell derived from a living organism and
having been cultured for at most 20 passages, more preferably at most 15 passages, even
more preferably at most 10 passages, still more preferably at most 5 passages. Most
preferably, primary cells are cells derived directly from tissue of a living being, preferably a
mouse or a human.

[0069] The term "stem cell" is also understood by the skilled person to relate to an un- or low-
differentiated cell with the potential for differentiation into at least two cell types, preferably at
least five cell types, more preferably at least one complete cell lineage. Preferably, the stem
cell is a totipotent stem cell, more preferably a pluripotent stem cell. The term "Induced
Pluripotent Stem Cell" or "IPSC" relates to a pluripotent stem cell derived from a differentiated
cell, preferably a differentiated primary cell. Methods of generating IPSCs are known in the art
and include, preferably, expression of four transcription factors in the cell (e.g from Takahashi
et al. (20086), Cell. 126 (4):663).

[0070] The present invention also relates to a use of a polynucleotide according to the present
invention, a composition according to the present invention, and/or a host cell according to the
present invention, for the genetic modification of embryonic stem cells. The present invention
also relates to a use of a polynucleotide according to the present invention, a composition
according to the present invention, and/or a host cell according to the present invention, for the
manufacture of a medicament for treating genetic disease, preferably monogenic disease,
more preferably monogenic recessive disease, most preferably phenylketonuria, alkaptonuria,
Leber's Congenital Amaurosis, Choroideremia, or Stargardt disease, wherein said medicament
comprises host cells comprising a polynucleotide of the present invention.

[0071] The present invention also relates to a use of a polynucleotide according to the present
invention, a composition according to the present invention, and/or a host cell according to the
present invention, for the genetic modification of stem cells for generating a transgenic animal.
The present invention further relates to a use of a polynucleotide according to the present
invention, a composition according to the present invention, and/or a host cell according to the
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present invention, for the production of a transgenic animal.

[0072] The term "transgenic animal’ as used herein, relates to an animal comprising at least
one heterologous polynucleotide, preferably introduced into said animal by methods of genetic
engineering. Preferably, the transgenic animal comprises at least one, more preferably at least
10, still more preferably at least 1000, even more preferably at least 10000 cells comprising at
least one polynucleotide according to the present invention.

[0073] Also, the present invention relates to a use of a polynucleotide according to the present
invention, a composition according to the present invention, and/or a host cell according to the
present invention, for the genetic modification of single cell embryos by pronuclear injection.

[0074] As is understood by the skilled person, the term "pronuclear injection” relates to
injecting genetic material, preferably a polynucleotide of the present invention, into the nucleus
of a fertilized oocyte, preferably to create a transgenic animal.

[0075] Further definitions:

AF: Antibiotic-free.

amp: Ampicillin.

ampR: Ampicillin Resistance gene.

Antibiotic selectable marker: A gene that confers resistance to an antibiotic, e.g. ampicillin
resistance gene, kanamycin resistance gene, chloramphenicol resistance gene, puromycin
resistance gene, tetracycline resistance gene.

ApoB: Apolipoprotein B

Approximately: As used herein, the term "approximately” or "about,” as applied to one or more
values of interest, refers to a value that is the same or similar to a stated reference value.

Bacterial region: Region of a plasmid vector required for propagation and selection in the
bacterial host.

bp: basepairs
ccc: Covalently Closed Circular.
cl: Lambda repressor.

clTs857: Lambda repressor further incorporating a C to T (Ala to Thr) mutation that confers
temperature sensitivity. clTs857 is a functional repressor at 28-30°C but is mostly inactive at
37-42°C. Also called cl857.

CatR: Chloramphenicol resistance gene.
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cmyv: Cytomegalovirus.
E. coli: Escherichia coli, a gram negative bacteria.
EGFP: Enhanced green fluorescent protein.

ELE40: anti-repressor element Element 40, STAR40 disclosed in Kwaks et al., 2003, Nat
Biotechnol. 21:553

EP: Electroporation.

Establishment efficiency: The percentage of cells in which a self-replicating non-integrative
episomal S/IMAR expression vector is stably retained as an episome after transfection.

Eukaryotic expression vector: A vector for expression of mRNA, protein antigens, protein
therapeutics, shRNA, RNA or microRNA genes in a target eukaryotic cell or organism using
RNA Polymerase |, Il or Il promoters.

Eukaryotic region: The region of a plasmid that encodes eukaryotic sequences and/or
sequences required for plasmid function in the target organism. This includes the region of a
plasmid vector required for expression of one or more transgenes in the target organism
including RNA Pol Il enhancers, promoters, transgenes and polyA sequences. This also
includes the region of a plasmid vector required for expression of one or more transgenes in
the target organism using RNA Pol | or RNA Pol IlIl promoters, RNA Pol | or RNA Pol Il
expressed transgenes or RNAs. The eukaryotic region may optionally include other functional
sequences, such as eukaryotic transcriptional terminators, supercoiling-induced DNA duplex
destabilized (SIDD) structures, S/IMARs, boundary elements, etc.

Exon: A nucleotide sequence encoded by a gene that is transcribed and present within a
mature mRNA product after RNA splicing to remove introns has been completed. Expression
enhancer: A DNA sequence that improves the expression of an adjacent promoter. For
example, Ele40, UCOE, anti-repressor elements, or Stabilising Anti Repressor (STAR)
elements as reviewed in Saunders et al., 2015 PloS One 10:e0120096

Expression vector: A vector for expression of mRNA, protein antigens, protein therapeutics,
shRNA, RNA or microRNA genes in a target organism.

g: Gram, kg for kilogram

gene of interest. gene to be expressed in the target organism. Includes mRNA genes that
encode protein or peptide antigens, protein or peptide therapeutics, and mRNA, shRNA, RNA
or microRNA that encode RNA therapeutics, and mRNA, shRNA, RNA or microRNA that
encode RNA vaccines, etc.

GFP: Green fluorescent protein.
Hr(s): Hour(s).

ID: Intradermal.
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IM:Intramuscular.

immune response: Antigen reactive cellular (e.g. antigen reactive T cells) or antibody (e.g.
antigen reactive IgG) responses.

Intron: A nucleotide sequence encoded by a gene that is transcribed and subsequently
removed from a mature mRNA product by RNA splicing.

ITR: Inverted Terminal Repeat.
kan: Kanamycin.

kanR: Kanamycin Resistance gene.
Kd:Kilodalton.

kozak sequence: Optimized consensus DNA sequence gccRccATG (R = G or A) immediately
upstream of an ATG start codon that ensures efficient tranlation initiation.

MFI: Medium Fluorescent Intensity.

minicircle: Covalently closed circular plasmid derivatives in which the bacterial region has been
removed from the parent plasmid by in vivo or in vitro site-specific recombination or in vitro
restriction digestion/ligation. Minicircle vectors are replication incompetent in bacterial cells.

MRNA: Messenger RNA.
MSEAP: Murine secreted alkaline phosphatase.
NA: Not Applicable.

NanoplasmidTM vector: Vector with a bacterial region combining an RNA selectable marker
with a R6K, ColE2 or ColE2 related replication origin. For example, NTC9385C, NTC9685C,
NTC9385R, NTC9685R vectors and modifications described in Williams, 2014. DNA plasmids
with improved expression. World Patent Application W02014035457 and included herein by
reference.

Non-integrating lentiviral vector: A lentiviral vector with mutated integrase and a S/MAR for
maintenance of episomal LTR circles such as those described in Verghese et al., 2014 Nucleic
Acids Research 42:e53.

NP: Nanoplasmid.

NTC8385: NTC8385, NTC8485 and NTC8685 plasmids are antibiotic-free pUC origin vectors
that contain a short RNA (RNA-OUT) selectable marker instead of an antibiotic resistance
marker such as kanR. The creation and application of these RNA-OUT based antibiotic-free
vectors are described in Williams, JA 2008 World Patent Application WO02008153733 and
included herein by reference.
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NTC8485: NTCB8485 is an antibiotic-free pUC origin vector that contains a short RNA (RNA-
OUT) selectable marker instead of an antibiotic resistance marker such as kanR. The creation
and application of NTC8485 is described in Wiliams, JA 2010 US Patent Application
20100184158 and included herein by reference.

NTC8685: NTC8685 is an antibiotic-free pUC origin vector that contains a short RNA (RNA-
OUT) selectable marker instead of an antibiotic resistance marker such as kanR. The creation
and application of NTC8685 is described in Williams, Supra, 2010 and included herein by
reference.

NTC9385R: The NTC9385R NanoplasmidTM vector described in Williams, Supra, 2014
included herein by reference has a spacer region encoded Nhel- trpA terminator-R6K origin
RNA-OUT -Kpnl bacterial region (SEQ ID NO:8) linked through the flanking Nhel and Kpnl sites
to the eukaryotic region.

OD600: optical density at 600 nm.
PBS: Phosphate buffered Saline.
PCR: Polymerase Chain Reaction.
pDNA: Plasmid DNA.

PINT pR pL vector: The pINT pR pL attHK022 integration expression vector is described in
Luke et al., 2011 Mol Biotechnol 47:43 and included herein by reference. The target gene to be
expressed is cloned downstream of the pL promoter. The vector encodes the temperature
inducible cl857 repressor, allowing heat inducible target gene expression.

PL promoter: Lambda promoter left. PL is a strong promoter that is repressed by the cl
repressor binding to OL1, OL2 and OL3 repressor binding sites. The temperature sensitive
cl857 repressor allows control of gene expression by heat induction since at 30°C the cI857
repressor is functional and it represses gene expression, but at 37-42 °C the repressor is
inactivated so expression of the gene ensues.

PL (OL1 G to T) promoter: Lambda promoter left. PL is a strong promoter that is repressed by
the cl repressor binding to OL1, OL2 and OL3 repressor binding sites. The temperature
sensitive ¢cl857 repressor allows control of gene expression by heat induction since at 30°C the
cl857 repressor is functional and it represses gene expression, but at 37-42 °C the repressor
is inactivated so expression of the gene ensues. The cl repressor binding to OL1 is reduced by
the OL1 G to T mutation resulting in increased promoter activity at 30°C and 37-42 °C as
described in Williams, Supra, 2014.

Plasmid: An extra chromosomal DNA molecule separate from the chromosomal DNA which is
capable of replicating independently from the chromosomal DNA

Plasmid copy number: the number of copies of a plasmid per cell. Increases in plasmid copy
number increase plasmid production yield.



DK/EP 3684925 T3

Pol:Polymerase.

polyA: Polyadenylation signal or site. Polyadenylation is the addition of a poly(A) tail to an RNA
molecule. The polyadenylation signal contains the sequence motif recognized by the RNA
cleavage complex. Most human polyadenylation signals contain an AAUAAA motif and
conserved sequences 5 and 3' to it. Commonly utilized polyA signals are derived from the
rabbit B globin (RBG), bovine growth hormone (BGH), SV40 early, or SV40 late polyA signals.

pUC origin: pBR322-derived replication origin, with G to A transition that increases copy
number at elevated temperature and deletion of the ROP negative regulator.

pUC free: Plasmid that does not contain the pUC origin. Non-replicative fragments of the pUC
origin may be included, for example the RNAI selectable marker.

pUC plasmid: Plasmid containing the pUC origin.
PuroR: Puromycin Resistance gene.

R6K plasmid: NTC9385R, NTC9685R, NTC9385R2-O1, NTC9385R2-0O2, NTC9385R2a-01,
NTC9385R2a-02, NTC9385R2b-O1, NTC9385R2b-0O2, NTC9385Ra-O1, NTC9385Ra-02,
NTC9385RaF, and NTC9385RbF vectors as well as modifications and alternative vectors
containing a R6K replication origin that were described in Williams, Supra, 2014 and included
herein by reference. Alternative R6K vectors known in the art including, but not limited to,
pCOR vectors (Gencell), pCpGfree vectors (Invivogen), and CpG free University of Oxford
vectors including pGM169.

R6K replication origin: a region which is specifically recognized by the R6K Rep protein to
initiate DNA replication. Includes but not limited to R6K gamma replication origin sequence
disclosed as SEQ ID NO:1, SEQ ID NO:2 and SEQ ID NO:4, and CpG free versions (e.g. SEQ
ID NO:3) as described in Drocourt et al., United States Patent 7244609 and incorporated
herein by reference R6K replication origin-RNA-OUT bacterial region: Contains a R6K
replication origin for propagation and the RNA-OUT selectable marker (e.g. SEQ ID NO:8; SEQ
ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID NO:14; SEQ
ID NO:15; SEQ ID NO:16; SEQ ID NO:17).

Rep: Replication

Replication intermediates: Linear DNA fragments resulting from premature termination of
plasmid replication

Rep protein dependent plasmid: A plasmid in which replication is dependent on a replication
(Rep) protein provided in Trans. For example, R6K replication origin, ColE2-P9 replication
origin and ColE2 related replication origin plasmids in which the Rep protein is expressed from
the host strain genome. Numerous additional Rep protein dependent plasmids are known in
the art, many of which are summarized in del Solar et al., Supra, 1998 which is included herein
by reference

Retroviral vector: Integrative viral vector that can infect dividing cells. Also call transfer plasmid.
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Plasmid encodes Retroviral LTR flanked expression unit. Transfer plasmid is transfected into
production cells along with envelope and packaging plasmids required to make viral particles.

RNA-IN: Insertion sequence 10 (IS10) encoded RNA-IN, an RNA complementary and
antisense to a portion of RNA RNA-OUT. When RNA-IN is cloned in the untranslated leader of
a mRNA, annealing of RNA-IN to RNA-OUT reduces translation of the gene encoded
downstream of RNA-IN.

RNA-IN regulated selectable marker: A chromosomally expressed RNA-IN regulated selectable
marker. In the presence of plasmid borne RNA-OUT antisense repressor RNA (SEQ ID NO:6),
expression of a protein encoded downstream of RNA-IN is repressed. An RNA-IN regulated
selectable marker is configured such that RNA-IN regulates either 1) a protein that is lethal or
toxic to said cell per se or by generating a toxic substance (e.g. SacB), or 2) a repressor
protein that is lethal or toxic to said bacterial cell by repressing the transcription of a gene that
is essential for growth of said cell (e.g. murA essential gene regulated by RNA-IN tetR
repressor gene). For example, chromosomally expressed RNA-IN-SacB cell lines for RNA-OUT
plasmid selection/propagation are described in Williams, Supra, 2008 and included herein by
reference. Alternative selection markers described in the art may be substituted for SacB.

RNA-OUT: Insertion sequence 10 (IS10) encoded RNA-OUT, an antisense RNA that hybridizes
to, and reduces translation of, the transposon gene expressed downstream of RNA-IN. The
sequence of the RNA-OUT RNA (SEQ ID NO:6) and complementary RNA-IN SacB
chromosomally expressed RNA-IN-SacB cell lines can be modified to incorporate alternative
functional RNA-IN/RNA-OUT binding pairs such as those described in Mutalik et al., 2012 Nat
Chem Biol 8:447, including, but not limited to, the RNA-OUT AO8/RNA-IN S49 pair, the RNA-
OUT AO08/RNA-IN S08 pair, and CpG free modifications of RNA-OUT A08 that modify the CG in
the RNA-OUT 5' TTCGC sequence to non-CpG sequence. An example of a CpG free RNA-
OUT selection marker, in which the two CpG motifs in the RNA-OUT RNA (one of which is
present in the RNA-IN complementary region) are removed, was described in Williams 2015.
Replicative minicircle vectors with improved expression. US Patent Application US
2015/0275221 and included herein by reference. A multitude of alternative substitutions to
remove the two CpG motifs (mutating each CpG to either CpA, CpC, CpT, ApG, GpG, or TpG)
may be utilized to make a CpG free RNA-OUT

RNA-OUT Selectable marker: An RNA-OUT selectable marker DNA fragment including E. coli
transcription promoter and terminator sequences flanking an RNA-OUT RNA. An RNA-OUT
selectable marker, utilizing the RNA-OUT promoter and terminator sequences, that is flanked
by Dralll and Kpnl restriction enzyme sites, and designer chromosomally expressed RNA-IN-
SacB cell lines for RNA-OUT plasmid propagation, are described in Williams, Supra, 2008 and
included herein by reference. The RNA-OUT promoter and terminator sequences in SEQ ID
NO: 5 that flank the RNA-OUT RNA (SEQ ID NO:6) may be replaced with heterologous
promoter and terminator sequences. For example, the RNA-OUT promoter may be substituted
with a CpG free promoter known in the art, for example the I-EC2K promoter or the P5/6 5/6 or
P5/6 6/6 promoters described in Williams, Supra, 2008 and included herein by reference. A 2
CpG RNA-OUT selectable marker in which the two CpG motifs in the RNA-OUT promoter are
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removed is given as SEQ ID NO: 7. An example of a CpG free RNA-OUT transcription unit, in
which the two CpG motifs in the RNA-OUT RNA (one of which is present in the RNA-IN
complementary region) and the two CpG motifs in the RNA-OUT promoter are removed was
described in Williams, Supra, 2015 and included herein by reference. Vectors incorporating
CpG free RNA-OUT selectable marker may be selected for sucrose resistance using the RNA-
IN-SacB cell lines for RNA-OUT plasmid propagation described in Wiliams, Supra, 2008.
Alternatively, the RNA-IN sequence in these cell lines can be modified to incorporate the 1 bp
change needed to perfectly match the CpG free RNA-OUT region complementary to RNA-IN.

RNA polymerase Il promoter: Promoter that recruits RNA Polymerase Il to synthesize mRNAs,
most small nuclear RNAs and microRNAs. For example, constitutive promoters such as the
human or murine CMV promoter, elongation factor 1 (EF1) promoter, the chicken B -actin
promoter, the B - actin promoter from other species, the elongation factor-1 a (EF1 q)
promoter, the phosphoglycerokinase (PGK) promoter, the Rous sarcoma virus (RSV) promoter,
the human serum albumin (SA) promoter, the spleen focus-forming virus (SFFV) promoter, the
a -1 antitrypsin (AAT) promoter, the thyroxine binding globulin (TBG) promoter, the cytochrome
P450 2E1 (CYP2E1) promoter, etc. The vectors may also utilize combination promoters such
as the chicken B -actin/CMV enhancer (CAG) promoter, the human or murine CMV-derived
enhancer elements combined with the elongation factor 1a (EF1a) promoters, CpG free
versions of the human or murine CMV-derived enhancer elements combined with the
elongation factor 1a (EF1a) promoters, the albumin promoter combined with an a -fetoprotein
MERII enhancer, etc., or the diversity of tissue specific or inducible promoters know in the art
such as the muscle specific promoters muscle creatine kinase (MCK), and C5-12 or the liver-
specific promoters ApoE-hAAT, apolipoprotein A-I (ApoAl), etc.

RNA polymerase Ill promoter: Promoter that recruits RNA Polymerase |ll to synthesize tRNAs,
5S ribosomal RNA, and other small RNAs. For example, Class | promoters such as the 5s
rRNA promoter, Class |l promoter such as tRNA promoters, Class Ill promoters such as the U6
small nuclear RNA promoter or the H1 nuclear RNase P promoter, etc.

RNA selectable marker: An RNA selectable marker is a plasmid borne expressed non-
translated RNA that regulates a chromosomally expressed target gene to afford selection. This
may be a plasmid borne nonsense suppressing tRNA that regulates a nonsense suppressible
selectable chromosomal target as described by Crouzet J and Soubrier F 2005 US Patent
6,977,174 included herein by reference. This may also be a plasmid borne antisense repressor
RNA, a non limiting list included herein by reference includes RNA-OUT that represses RNA-IN
regulated targets (Williams, Supra, 2008), pMB1 plasmid origin encoded RNAI that represses
RNAIl regulated targets (Grabherr R, Pfaffenzeller I. 2006 US patent application
US20060063232; Cranenburgh RM. 2009; US Patent 7,611,883), IncB plasmid pMU720 origin
encoded RNAI that represses RNA Il regulated targets (Wilson IW, Siemering KR, Praszkier J,
Pittard AJ. 1997. J Bacteriol 179:742-53), ParB locus Sok of plasmid R1 that represses Hok
regulated targets, FIm locus FImB of F plasmid that represses flmA regulated targets (Morsey
MA, 1999 US patent US5922583). An RNA selectable marker may be another natural
antisense repressor RNAs known in the art such as those described in Wagner EGH, Altuvia S,
Romby P. 2002. Adv Genet 46:361-98 and Franch T, and Gerdes K. 2000. Current Opin
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Microbiol 3:159-64. An RNA selectable marker may also be an engineered repressor RNAs
such as synthetic small RNAs expressed SgrS, MicC or MicF scaffolds as described in Na D,
Yoo SM, Chung H, Park H, Park JH, Lee SY. 2013. Nat Biotechnol 31:170-4. An RNA selectable
marker may also be an engineered repressor RNA as part of a selectable marker that
represses a target RNA fused to a target gene to be regulated such as SacB as described in
Williams, Supra, 2015

ROP: Repressor of primer.
RSM: RNA selectable marker.

SA: Splice Acceptor, consensus sequence YYYYYYYYYYYAGRW is presented as SEQ ID
NO:29. To create an efficiently spliced SA site, a splice branch point (consensus sequence
YTNAY) is included upstream of the splice acceptor site (see Figure 1).

SacB: Structural gene encoding Bacillus subtilis levansucrase. Expression of SacB in gram
negative bacteria is toxic in the presence of sucrose.

SD: Splice Donor, consensus sequence AGGTRAGT.
SEAP: Secreted alkaline phosphatase.

Selectable marker: A selectable marker, for example a kanamycin resistance gene or an RNA
selectable marker.

Selection marker: A selectable marker, for example a kanamycin resistance gene or an RNA
selectable marker.

SIDD: supercoiling-induced DNA duplex destabilized (SIDD) structures. These sites, when
incorporated into a vector, may alter the susceptibility of other sequences within the vector to
be destabilized. This can alter function. For example, addition of a SIDD site to an expression
vector may reduce the helical destabilization of a promoter. This may increase or decrease
promoter activityy, depending on the promoter since some promoters have increased
expression with promoter helical destabilization, while others will have reduced expression with
promoter helical destabilization.

shRNA: Short hairpin RNA.

S/MAR: Scaffold/matrix attachment region as specified elsewhere herein. Eukaryotic
sequences that mediate DNA attachment to the nuclear matrix.

Spacer region: As used herein, spacer region is the region linking the 5' and 3' ends of the
eukaryotic region sequences. The eukaryotic region 5' and 3' ends are typically separated by
the bacterial replication origin and bacterial selectable marker in plasmid vectors.

SR: Spacer region.

SV40 origin: Simian Virus 40 genomic DNA that contains the origin of replication.
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SV40 enhancer: Simian Virus 40 genomic DNA that contains the 72 bp and optionally the 21 bp
enhancer repeats.

target antigen: Immunogenic protein or peptide epitope, or combination of proteins and
epitopes, against which an immune response can be mounted. Target antigens may by derived
from a pathogen for infectious disease or allergy applications or derived from a host organism
for applications such as cancer, allergy, or autoimmune diseases. Target antigens are well
defined in the art. Some examples are described in Williams, Supra, 2008 and are included
herein by reference.

TE buffer: A solution containing approximately 10mM Tris pH 8 and 1 mM EDTA.
TetR: Tetracycline resistance gene.

Transcription terminator: Bacterial: A DNA sequence that marks the end of a gene or operon
for transcription. This may be an intrinsic transcription terminator or a Rho-dependent
transcriptional terminator. For an intrinsic terminator, such as the trpA terminator, a hairpin
structure forms within the transcript that disrupts the mRNA-DNA-RNA polymerase ternary
complex. Alternatively, Rho-dependent transcriptional terminators require Rho factor, an RNA
helicase protein complex, to disrupt the nascent mMRNA-DNA-RNA polymerase ternary
complex. Eukaryotic: PolyA signals are not 'terminators’, instead internal cleavage at PolyA
sites leaves an uncapped 5'end on the 3'UTR RNA for nuclease digestion. Nuclease catches
up to RNA Pol Il and causes termination. Termination can be promoted within a short region of
the poly A site by introduction of RNA Pol Il pause sites (eukaryotic transcription terminator).
Pausing of RNA Pol Il allows the nuclease introduced into the 3' UTR mRNA after PolyA
cleavage to catch up to RNA Pol Il at the pause site. A nonlimiting list of eukaryotic
transcription terminators know in the art include the C2x4 and the gastrin terminator.
Eukaryotic transcription terminators may elevate mRNA levels by enhancing proper 3'-end
processing of mMRNA.

transfection: Method to deliver nucleic acids into cells [e.g. poly(lactide-co-glycolide) (PLGA),
ISCOMs, liposomes, niosomes, virosomes, chitosan, and other biodegradable polymers,
microparticles, microspheres, nanoparticles, nanocapsules, electroporation, nucleofection,
piezoelectric permeabilization, sonoporation, iontophoresis, ultrasound, SQZ high speed cell
deformation mediated membrane disruption, corona plasma, plasma facilitated delivery, tissue
tolerable plasma, laser microporation, shock wave energy, magnetic fields, contactless
magneto- permeabilization, gene gun, microneedles, microdermabrasion, hydrodynamic
delivery, high pressure tail vein injection, etc] as known in the art and included herein by
reference.

Transgene: Gene of interest that is cloned into a vector for expression in a target organism. ts:
Temperature sensitive

Mg: Microgram

pl: Microliter
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UCOE: Ubiquitous Chromatin Opening Element, such as the A2UCOE or minimal derivatives
as disclosed in Muller-Kuller et al., 2015, Nucleic Acids Research 43:1577.

UTR: Untranslated region of a mRNA (5' or 3' to the coding region).

Vector: A gene delivery vehicle, including viral (e.g. Alphavirus, Poxvirus, Lentivirus, Retrovirus,
Adenovirus, Adenovirus related virus, Integration-Deficient Lentiviral vectors, etc.) and non-
viral (e.g. plasmid, Nanoplasmid, MIDGE, transcriptionally active PCR fragment, minicircles,
bacteriophage, etc.) vectors. These are well known in the art and are included herein by
reference.

Vector backbone: Eukaryotic region and bacterial region of a vector, without the transgene or
target antigen coding region.

Vertebrate expression vector: A vector for expression of mRNA, protein antigens, protein
therapeutics, shRNA, RNA or microRNA genes in a target vertebrate cell or organism using
RNA Polymerase |, Il or Il promoters.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0076] The current technology relates generally to self-replicating non-integrative episomal
vertebrate expression vector methods and compaositions that improve episomal replication and
transgene expression. The current technology can be practiced to improve expression and
episomal replication of vectors such as non-viral vectors and viral vectors (e.g. episomal
Integration-Deficient Lentivirus vector, Non-integrating Lentiviral vectors, episomal Retroviral
vector, etc.).

[0077] Improved episomal replication is defined herein as improved non-integrative episomal
vector establishment and/or maintenance in vitro or in vivo compared to a plasmid that does
not incorporate the current technology. Improved plasmid expression is defined herein as
improved transgene expression level and/or expression duration in vitro or in vivo compared to
a transgene encoding plasmid that does not incorporate the current technology. It is to be
understood that all references cited herein are incorporated by reference in their entirety.

[0078] The methods of plasmid modification of the present current technology have been
surprisingly found to provide a solution to provide self-replicating non-integrative episomal
vectors with efficient establishment.

[0079] The vector methods and compositions disclosed herein are 3' UTR SD-SMAR-SA
compositions with improved expression and or episomal establishment (improved
performance) compared to non SD-SA versions. Improved performance is not S/MAR specific
since performance improvement is observed with various S/MARs. Improved performance is
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also not vector transcription unit specific, since performance improvement is observed with SD-
SMAR-SA linked to various promoters, 5' UTRs, transgenes, and polyA signals. Improved
performance is observed with or without upstream introns. Thus, the 3' UTR SD-SMAR-SA
vectors of the disclosure are broadly applicable to improve self-replicating non-integrative
episomal vertebrate expression vector performance.

[0080] The disclosed improved performance of 3' UTR SD-SMAR-SA compared to non SD-SA
versions is surprising in light of the prior art. For example, Le Hir et al., 2003 Trends in
Biochemical Sciences 28:215 teaches 'Matsumoto et al. [51] found these translational effects
to be highly dependent on intron position. In their study, an intron placed in the 5' UTR was
highly stimulatory, whereas the same intron placed in the 3' UTR repressed translation to
below the level of the corresponding intronless mRNA." ....... 'Nonetheless, for researchers
interested in optimizing the expression of transgenes, it is important to note that intron position
is an important variable. In addition to potentially inhibiting translation, introns in the 3' UTR can
trigger nonsense-mediated decay (NMD) of the mRNA as described below, resulting in even
lower protein expression.' Barrett et al., 2012 Cell. Mol. Life Sci. 69:3613 teaches 'In contrast to
5'UTRs, 3'UTRs were found to have relatively few introns (5 %) [21]. A study looking at rare
cases of intron acquisition in retroposed mammalian genes found that the presence of an
intron in the 3'UTR of these genes resulted in down regulation of gene expression by
nonsense-mediated decay [52]. This negative effect on expression offers an explanation for
the low prevalence of 3'UTR introns.' While not limiting the application of the invention, adding
flanking splice donor and splice acceptor splice sites may have an unexpected benefit in the
disclosed invention in which the 3' UTR encodes an S/MAR sequence.

[0081] As used herein, the term "sequence identity" refers to the degree of identity between
any given query sequence, e.g. SEQ ID NO: 2, and a subject sequence. A subject sequence
may, for example, have at least 90 percent, at least 95 percent, or at least 99 percent
sequence identity to a given query sequence. To determine percent sequence identity, a query
sequence (e.g. a nucleic acid sequence) is aligned to one or more subject sequences using
any suitable sequence alignment program that is well known in the art, for instance, the
computer program ClustalW (version 1.83, default parameters), which allows alignments of
nucleic acid sequences to be carried out across their entire length (global alignment). Chema
et al., 2003 Nucleic Acids Res., 31:3497-500. In a preferred method, the sequence alignment
program (e.g. ClustalW) calculates the best match between a query and one or more subject
sequences, and aligns them so that identities, similarities, and differences can be determined.
Gaps of one or more nucleotides can be inserted into a query sequence, a subject sequence,
or both, to maximize sequence alignments. For fast pair-wise alignments of nucleic acid
sequences, suitable default parameters can be selected that are appropriate for the particular
alignment program. The output is a sequence alignment that reflects the relationship between
sequences. To further determine percent identity of a subject nucleic acid sequence to a query
sequence, the sequences are aligned using the alignment program, the number of identical
matches in the alignment is divided by the length of the query sequence, and the result is
multiplied by 100. It is noted that the percent identity value can be rounded to the nearest
tenth. For example, 78.11, 78.12, 78.13, and 78.14 are rounded down to 78.1, while 78.15,
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78.16,78.17, 78.18, and 78.19 are rounded up to 78.2.

[0082] Turning now to the drawings, FIG. 1. shows annotated maps of the pCl intron (top),
splice donor (SD) region (middle) and branch point and splice acceptor (SA) region (bottom).
FIG. 2 shows annotated maps of the interferon beta S/MAR (top), and a SD interferon beta
S/MAR SA derivative (middle), as well as a SD interferon beta S/IMAR SA derivative in which
the internal AATAAA polyadenylation signals were mutated (bottom). FIG. 3 shows annotated
maps of the interferon beta S/IMAR derivative M18 with flanking SD and SA sites. FIG. 4 shows
annotated maps of the 805 bp (top) or 525 bp (bottom) apoB S/MAR with flanking SDand SA
sites. FIG. 5 shows an annotated map of the pMAX-UCOE-coGFP P2A-PuroR-NP (pSMARt
UCOE) vector FIG. 6 shows annotated maps of the NTC9385R-UCOE-CMV-coGFP P2A-
PuroR -SMAR-SV40 pA (NP-UCOE) and NTC9385R-UCOE-CMV- coGFP P2A-PuroR - SD
SMAR- SA SV40 pA (NP-UCOE-SP) vectors. FIG. 7 shows annotated maps of the NTC9385R-
SP-UCOE-CMV-GFP SMARter (NP-SMARter-SP) and NTC9385R-SP-UCOE-CMV-GFP
CMARter (NP-CMARter-SP) vectors. FIG. 8 shows annotated maps of the NTC9385R- UCOE
EF1 -coGFP SD -SMAR SA SV40 pA (NP-UCOE-EF 1-SP) and NTC9385R- UCOE EF 1-coGFP-
SD SMAR R6K-R-OUT-SA pA (UCOE-EF1-SP-NP) vectors. FIG. 9 shows annotated maps of
the NTC9385R-SP-ELE40-CMV-GFP CMARter (NP-Ele40-CMARter-SP) vector. FIG. 10 shows
improved expression of established S/MAR vectors with and without flanking SD and SA sites.
Left panel: MFI of HEK293T cells established with a S/MAR vector with and without splice
junctions. The vectors contain NP bacterial region, the genomic insulator UCOE, the
expression cassette GFP -2A-PuroR driven by the CMV promoter and the interferon beta
S/MAR in the 3' UTR with (Nano-S/MAR-splice = NP-UCOE-SP; NTC9385R-UCOE-CMV-
coGFP P2A-PuroR - SD SMAR- SA SV40 pA Figure 6) or without (NP-UCOE; NTC9385R-
UCOE-CMV- coGFP P2A-PuroR -SMAR-SV40 pA, Figure 6) S/IMAR flanking SD and SA sites.
Right panel: the improved transcription expression is confirmed by real time PCR analysis. The
expression of the transgene GFP was normalized to the housekeeping gene GAPDH. FIG. 11
shows improved expression of established S/MAR vectors with and without flanking SD and SA
sites. MFI of established cells (HEK293T and primary Mouse Embryonic Fibroblast) with
vectors harboring different S/IMARs flanked by splicing junctions. Vector names are as in
Figures 5, 6 and 7. FIG. 12 shows improved establishment of S/IMAR vectors with and without
flanking SD and SA sites. Colony forming assay conducted in HEK293T with vectors harboring
two different S/IMARSs (interferon beta S/MAR; ApoB S/MAR, 805 bp) with and without flanking
SD and SA sites. pEPI is a CMV promoter plasmid vector with a 3' UTR interferon beta S/MAR.

EXAMPLES

[0083] The methods of the current technology are further illustrated by the following examples.
These are provided by way of illustration and are not intended in any way to limit the scope of
the disclosure.

Example 1: pUC, and R6K replication origin plasmid production
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[0084] RNA-OUT antibiotic free selectable marker background: Antibiotic-free selection is
performed in E. coli strains containing phage lambda attachment site chromosomally
integrated pCAH63-CAT RNA-IN-SacB (P5/6 6/6) as described in Williams, Supra, 2008. SacB
(Bacillus subtilis levansucrase) is a counter selectable marker which is lethal to E. coli cells in
the presence of sucrose. Translation of SacB from the RNA-IN-SacB transcript is inhibited by
plasmid encoded RNA-OUT. This facilitates plasmid selection in the presence of sucrose, by
inhibition of SacB mediated lethality.

[0085] R6K origin vector replication and production background: The R6K gamma plasmid

replication origin requires a single plasmid replication protein
i
that binds as a replication initiating monomer to multiple repeated 'iteron'. Use of a conditional

replication origin such as R6K gamma that requires a specialized cell line for propagation adds
a safety margin since the vector will not replicate if transferred to a patient's endogenous flora.

[0086] A highly minimalized R6K gamma derived replication origin (SEQ ID NO:1) that contains
core sequences required for replication was described in Williams, Supra, 2014 and included
herein by reference. The NTC9385R NanoplasmidTM backbone including this minimalized
R6K origin and the RNA-OUT AF selectable marker in the spacer region, was described in
Williams, Supra, 2014 and included herein by reference. Williams, Supra, 2014 describes host
strains expressing phage HK022 attachment site integrated pL promoter heat inducible

1
P42L, P106L and F107S high copy mutant replication (Rep) protein for selection and

propagation of R6K origin NanoplasmidTM vectors. This is an additional NanoplasmidTM
safety factor since R6K origin vectors can only replicate within the engineered Rep protein-
expressing E. coli host strain.

[0087] Shake flask production : pUC origin plasmid production was performed in E. coli strain
DH5a [F- ®80lacZAM15 A(lacZYA-argF) U169 recA1 endA1 hsdR17 (rK-, mK+) phoA supE44
A- thi-1 gyrA96 relA1] (Invitrogen, Carlsbad CA). R6K origin-RNA-OUT sucrose selection
NanoplasmidTM vectors was performed in host strains NTC940211 DH5a attA::P5/6 6/6-RNA-
IN- SacB, catR; attHK022::pL (OL1-G to T) P42L-P106I-F107S or NTC1050811 DH5a
attA::P5/6 6/6-RNA-IN- SacB, catR; attHK022::pL (OL1-G to T) P42L-P106I-F107S P113S
(P3-), SpecR StrepR; att$p80::pARA-CI8571s, tetR. Shake flask production was performed using
proprietary Plasmid+ shake culture medium. The seed cultures were started from glycerol
stocks or colonies and streaked onto LB medium agar plates containing 50 ug/mL antibiotic
(for ampR or kanR selection plasmids) or 6% sucrose (for RNA-OUT selection plasmids). The
plates were grown at 30-32°C; cells were resuspended in media and used to provide
approximately 2.5 OD600 inoculums for the 500 mL Plasmid+ shake flasks that contained 50
pg/mL antibiotic for ampR or kanR selection plasmids or 0.5% sucrose to select for RNA-OUT
plasmids. Flask were grown with shaking to saturation.

Example 2: SIMAR vector construction
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[0088] The pNTC-NP1, pNTC-NP2, pNTC-NP3, pNTC-NP4, pNTC-NP5, pNTC-NP6, pNTC-
NP7, vectors encode the R6K gamma origin-RNA-OUT bacterial replication-selection region
(SEQ ID NO:8) cloned into the polylinker region of a pUC57 based vector. The pNTC-3xCpG
NP1 vector encode the 1 CpG R6K gamma origin- 2 CpG RNA-OUT bacterial replication-
selection region (SEQ ID NO:9) cloned into the polylinker region of a pUC57 based vector.
Each vector has different flanking restriction sites that can be used to retrofit a target vector to
R6K replication-RNA-OUT selection. The 5" and 3' polylinker sequences flanking the R6EK-RNA-
OUT insert in the pNTC-NP 1-7 vectors and pNTC-3xCpG NP1 are shown in Table 1.

Table 1: pNTC multiple cloning site flanked R6K Origin-RNA-OUT selection marker vectors

Vector {R6K 5’ flanking trpA {R6K jLinker {RNA RNA-OUT 3'
restriction sites term jorigin |site ouT flanking
Selection {restriction site
marker
PNTC- {EcoRI, Sacl, Kpnl, {Yes {SEQ {pran2{SEQID {Nhel/ BamHI,
NP1 Nrul, Nsil, Xmalll, ID NO: 5 Xmal, Apal, Sall,
(SEQ ID {Notl, Nhel NO: 1 Hincll, Pstl, Stul,
NO:10) Aatl, Sphl, Hindlll
(in R6K)
PNTC- {EcoRI, Sacl, Kpnl, {Yes {SEQ {prg2{SEQID ;Spel, Xmal, Sspl
NP2 Nrul, Nsil, Xmalll, ID NO: 5 BamHI, Xmal,
(SEQ ID {Notl, Nhel NO: 1 Apal, Sail, Hincll,
NO:11) Pstl, Stul, Aatl,
Sphl, Hindlll (in
R6K)
PNTC- {EcoRl, Sacl, Konl, {Yes {SEQ {pral@ {SEQ ID {Kpnl, Sacl
NP3 Nrul, Nsil, Xmalll, ID NO: 5 BamHI, Xmal,
(SEQ ID {Notl, Nhel NO: 1 Apal, Sail, Hincll,
NO:12) Pstl, Stul, Aatl,
Sphl, Hindlll (in
R6K)
PNTC- {Nhel, Xmalll, Notl, {Yes {SEQ iprg2{SEQID jEcoRI, Sacl, Kpnl
NP4 Nsil, Nrul, Kpnl, Sacl ID NO: 5
(SEQ ID {BamHI, Xmal, Apal, NO: 1
NO:13) §Sail, Hincll, Sfcl,
Pstl, Stul, Aatl, Sphl,
Hindlll (in RBK)
PNTC- {Kasl, Nhel Yes {SEQ {prall|@2 {SEQ ID {Kpnl Afllll Pstl,
NP5 ID NO: 5 Aatl, Sphl, Hindlll
(SEQ ID NO: 1 (in R6K)
NO:14)
PNTC- {EcoRI, Pstl, EcoRV, {Yes {SEQ {pra|@2 {SEQ ID jKpnl, Apal, Pvul,
NP6 BstXl, Notl, Nhel ID NO: 5 Sall, Sacl
(SEQ ID NO:
NO:15)
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Vector {R6K 5’ flanking trpA {R6K jLinker {RNA RNA-OUT 3'
restriction sites term {origin jsite ouT flanking

Selection {restriction site
marker

PNTC- {BssHIl Pacl Nhel Yes {SEQ {pral@ {SEQID {Kpnl Pacl BssHII

NP7 ID NO: 5

(SEQID NO:

NO:16)

pNTC- {Xhol, Xbal, Apal, No {SEQ {BsrGl {SEQID {EcoRI, Sacl,

3x CpG {Sall, Hincll, Pstl, ID NO: 7 Kpnl, Nrul, Nsil,

NP1 Stul, Aatl, Sphl, NO: 2 Xmalll, Notl,

(SEQID Nhel, Kpn!

NO:17)

a Non-palindromic unique 3 bp NNN sticky end Dralll site (CACNNNGTG)
separating R6K and RNA-OUT of sequence CACGTTGTG can be used to
assemble R6K and RNA-OUT from separate bpNTC vectors in directional multi-
fragment ligation reactions S/IMAR vector pUC origin-antibiotic selection bacterial
backbone retrofits to R6K-RNA-OUT (i.e., Nanoplasmid, NP, vectors) were
performed by:

1) selecting restriction sites that flank the pUC origin and antibiotic selection marker
region in the target S/IMAR vector;

2) ldentifying a pNTC-NP compatible polylinker -R6K-RNA-OUT polylinker cassette
(either pNTC- NP1, 2, 3, 4, 5, 6, or 7; Table 1);

3) Excising the pUC origin antibiotic selection marker region and replacing with the
selected RBK origin RNA-OUT region using the selected restriction digestion
approach and standard ligase mediated cloning.

[0089] In some cases, the R6K origin and RNA-OUT units were assembled in multi-fragment
ligations from separate restriction fragments using the non-palindromic Dralll linker site (see
Table 1).

[0090] Example vector maps and vector characteristics of the original pUC origin- antibiotic
selection marker vector (e.g. pSMARt UCOE; Figure 5) and the retrofitted R6K origin-RNA-
OUT antibiotic free selection marker vector (e.g. NP-UCOE: Figure 6) are shown.

[0091] The SD -S/MAR-SA 3' UTRs were made as synthetic genes as follows. A splice donor
site (SEQ ID NO: 25) with &' Bglll and Nsil cloning sites and a 3' Xhol cloning site (Figure 1)
was incorporated 5' to the S/IMAR, while a splice acceptor site (SEQ ID NO: 26) with 5' EcoRI
and 3' BamHI cloning sites (Figure 1) was incorporated 3' to the S/MAR. The genes were
synthesized at Genscript (Piscataway, NJ) and cloned in place of the S/MAR in existing SMAR-
NP vectors using standard restriction fragment ligation mediated cloning. For example, the
interferon beta S/IMAR (SEQ ID NO: 18) (e.g. NP-UCOE vector, Figure 6) was replaced with
the splice donor-interferon beta S/MAR-splice acceptor (SEQ ID NO:19) (e.g. NP-UCOE-SP
vector, Figure 6; NP-UCOE-EF1-SP, Figure 8) or splice donor-interferon beta S/MAR (-



DK/EP 3684925 T3

AATAAA)-splice acceptor (SEQ ID NO:20) or splice donor-interferon beta M18 S/MAR-splice
acceptor (SEQ ID NO:21). Splice donor-interferon beta S/MAR (-AATAAA) was designed to
remove S/IMAR encoded AATAAA(N) transcription termination signals with an AATATT(T) MAR
motif (Figure 2). The 805 bp ApoB S/MAR was replaced with the splice donor-805 bp ApoB
S/MAR-splice acceptor version (SEQ ID NO: 22) (e.g. NP-SMARter-SP, Figure 7) while the 525
bp ApoB S/MAR was replaced with the splice donor-525bp ApoB S/MAR-splice acceptor
version (SEQ ID NO: 23) (e.g. NP-CMARter-SP, Figure 7; NP-Ele40-CMARter-SP, Figure 9).
Additional NP constructs with alternative transgenes, promoters, 5" UTR introns, or ELE40 or
UCOE elements were made by standard restriction fragment ligation mediated cloning. All
constructs were verified correct by restriction digestion and sequencing.

Example 3: SIMAR vector expression after transient transfection

[0092] Adherent HEK293 (human embryonic kidney) and A549 (human lung carcinoma), cell
lines were obtained from the American Type Culture Collection (Manassas, VA, USA). Cell lines
were propagated in Dulbecco's modified Eagle's medium/F12 containing 10% fetal bovine
serum

[0093] and split (0.25% trypsin-EDTA) using Invitrogen (Carlsbad, CA, USA) reagents and
conventional methodologies. For transfections, cells were plated on 24-well tissue culture
dishes. plasmids were transfected into cell lines using Lipofectamine 2000 following the
manufacturer's instructions (Invitrogen).

[0094] Total cellular lysates for EGFP determination were prepared by resuspending cells in
cell lysis buffer (CelLytic M, Sigma, St Louis, MO, USA), lysing cells by incubating for 30 min at
37°C, followed by a freeze-thaw cycle at -80 °C. Lysed cells were clarified by centrifugation
and the supernatants assayed for EGFP by FLX800 microplate fluorescence reader (Bio-Tek,
Winooski, VT, USA). The results are summarized in Tables 2-4.

Table 2: Transient expression of S/MAR vectors after transfection into A549 and HEK293 cell
lines

Plasmid Promoter {Intron {3-UTR A549 {HEK
GFP2 {GFP2
NTC9385R- UCOE EF1 - UCOE None {hIFNB SMAR- {552 + {5168 +
coGFP EF1 Sv40 95 202
NTC9385R- UCOE EF1 - UCOE None {SD hIFNB 1139 £{13909
coGFP SD -SMAR SA $V40 EF1 SMAR SA - 181 + 1068
pA SV40 pA
NTC9385R- UCOE EF1- UCOE None {hIFNB SMAR- {607 + {7552 +
coGFP- SMAR R6K-ROUT- pA {EF1 R6K-R-OUT 217 1754
RBG
NTC9385R- UCOE EF1- UCOE None {SD hIFNB 961 + {12956
coGFP- SD SMAR R6K-R- EF1 SMAR-R6K-R-i83 + 848
OUT-SA pA (UCOE-EF1-SP- OUT SA RBG
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Plasmid Promoter {Intron {3-UTR A549 ({HEK
GFP? {GFP?
NP-Figure 8) pPA
NTC9385R- UCOE EF1- UCOE None {SD M18 2088 {16761
coGFP-SD M18 SMAR R6K-R- {EF1 SMAR-R6K-R- {1+ 449 {+ 954
OUT- OUT SA RBG
pPA
NTC9385R- UCOE EF1 - UCOE None {SD M18 3190 {22640
coGFP SD -M18 SMAR SA EF1 SMAR SA- + 386 {+1129
SVv40 pA SVv40 pA
a Results presented are mean fluorescent units + standard deviation at 2 days post
transfection
Table 3: Transient expression of S/IMAR vectors after transfection into A549 and HEK293 cell
lines
Plasmid Promoteriintron {3-UTR A549 (HEK
GFP GFP

NTC9385R- EF1-coGFP - EF1 None {hIFNB 1221 12038 £
SMAR SV40 pA SMAR-SV40 i+

pPA
NTC9385R- UCOE EF1 - UCOE None {hIFNB 2251 {7339+
coGFP -SMAR SV40 pA EF1 SMAR-SV40 it

pPA
NTC9385R- UCOE EF1 - UCOE None {SD hIFNB 6205 §24507
coGFP SD -SMAR SA SV40 pA {EF1 SMAR SA - {£420 i+ 2501
(NP-UCOE-EF1-SP-Figure 8) SVv40 pA
NTC9385R- UCOE EF1 - UCOE None {SD hIFNB 4708 §18910
coGFP SD -SMAR(-AATAAA) EF1 SMAR- + 359 i+ 1278
SA SV40 pA AATAAA SA -

SVv40 pA
NTC9385R- EF1-coGFP-SMAR {EF1 None {hIFNB 1240 1896 £
R6K-R-OUT- pA SMAR-R6K- {+ 164 {189

R-OUT RBG

pPA
NTC9385R- UCOE EF1-coGFP-{UCOE None {hIFNB 1540 {4996 £
SMAR R6K-R-OUT-pA EF1 SMAR-R6K- {+ 180 {322

R-OUT RBG

pPA
NTC9385R- UCOE EF1-coGFP-{UCOE None {SD hIFNB 4843 §19247
SD SMAR R6K-R-OUT-SA pA {EF1 SMAR-R6K- {+604 i+ 1693
(UCOE-EF1-SP-NP-Figure 8) R-OUT SA

RBG pA
NTC9385R- UCOE EF1-coGFP-{UCOE None {SD M18 10021327981
SD M18 SMAR R6K-R-OUT-SA {EF1 SMAR-R6K- {+ 753 i+ 1121
pPA R-OUT SA

RBG pA
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Plasmid Promoteriintron {3-UTR A549 {HEK
GFP {GFP
NTC9385R- UCOE EF1-coGFP {UCOE None {SD M18 9751 {29019
SD -M18 SMAR SA SV40 pA EF1 SMAR SA - {+821 {1+ 2744
SV40 pA
NTC9385R-UCOE-CMV-coGFP {UCOE pCl hIFNB 2104 8478+
P2A-PuroR -SMAR-SV40 pA CMV SMAR-SV40 {+74 320
(NP-UCOE -Figure 6) PA
NTC9385R-UCOE-CMV-coGFP {UCOE pCl SD hIFNB 3526 {14278
P2A-PuroR - SD SMAR- SA CMV SMAR SA - {+102 i+ 2664
SV40 pA (NP-UCOE-SP - SV40 pA
Figure 6)
NTC9385R-UCOE-CMV-coGFP {UCOE pCl SD hIFNB 2876 {13425
P2A-PuroR - SD SMAR(- CMV SMAR- + 376 i+ 1331
AATAAA)- SA SV40 pA AATAAA SA -
SV40 pA
a Results presented are mean fluorescent units + standard deviation at 2 days post
transfection

[0095] The results presented in Tables 2 and 3 demonstrate that with a UCOE-EF1 promoter
no intron coGFP transgene transcription unit the human IFNB SMAR flanked by SD/SA
improves expression in both HEK293 and A549 cell lines compared to human IFNB SMAR
without SD/SA sites. Improved expression was observed in 2 SD/SA configurations (flanking
SMAR, or flanking SMAR+R6K-RNA-OUT NP bacterial region). The M18 SMAR (derived from
human IFNB SMAR) flanked by SD/SA has higher expression than the equivalent human IFNB
SMAR flanked by SD/SA.

[0096] In addition, the results in Table 3 show improved expression in UCOE-CMV promoter
pCl intron coGFP transgene transcription unit (i.e., improved expression with two different
promoters, with or without a 5 UTR encoded intron). Improved expression is also observed
with different polyadenylation signals (SV40 or RBG derived).

Table 4: Transient expression of S/IMAR vectors after transfection into A549 and HEK293 cell
lines

Plasmid Promoteri5' 3'UTR T=2 T=2
UTR day day
Intron Ab549 HEK
GFP GFP
NTC9385R- EF1-coGFP - EF1 None ihlIFNB 525 + 1377 +
SMAR SV40 pA SMAR-SV40 {37 111
NTC9385R- UCOE EF1 - UCOE None ihlIFNB 1848 + {12980 +
coGFP -SMAR SV40 pA EF1 SMAR-SV40 {163 1005
NTC9385R- UCOE EF1- UCOE None §iSD hIFNB 3091 + {22354 +
coGFP SD - SMAR SA SvV40 {EF1 SMARSA - 169 1686
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Plasmid Promoter 5’ 3'UTR =2 =2
UTR day day
Intron A549 HEK
GFP GFP
pA SV40 pA
NTC9385R- UCOE EF1- UCOE None {SD hIFNB 2311+ {14768
coGFP SD - SMAR(-AATAAA) {EF1 SMAR- 413 1628
SA SV40 pA AATAAA SA -
NTC9385R- UCOE EF1 - UCOE None {SD M18 4833 21254 +
coGFP SD- EF1 SMAR SA- {+462 6296
NTC9385R-SP-UCOE-EF1- {UCOE None {SD SMARter {2878 + {13688 +
GFP SMARter = EF1 SA - SV40 233 1873
NC9385R-SP-Ele40-EF1-GFP {ELE40 None {SD SMARter {990 + {3349+
SMARter = coGFP EF1 SA - SV40 175 341
pA
YMAX-UCOE-coGFP P2A- UCOE pCl SMAR-SV40 {933+ {6193+
PuroR-NP CMV pA 117 533
NTC9385R-UCOE-CMV- UCOE pCl SMAR-SV40 {1081 + {8216 %
coGFP P2A- PuroR -SMAR- {CMV pA 85 211
SV40 pA
NTC9385R-UCOE-CMV- UCOE pCl SD SMAR 1857 12596 +
coGFP P2A- PuroR - SD CMV SA-SV40 pA {1207 1531
SMAR- SA SV40 pA
NTC9385R-UCOE-CMV- UCOE pCl SD SMAR- {2204 + {13901 %
coGFP P2A- PuroR - SD CMV AATAAA SA- {70 1024
SMAR(-AATAAA)- SA SV40 SV40 pA
pA
NTC9385R-SP-UCOE-CMV- {UCOE pCl SD SMARter {917 + {8091
GFP SMARter = coGFP P2A- {CMV SA - SV40 113 1449
PuroR (NP- pA
NTC9385R-SP-UCOE-CMV- {UCOE pCl SD CMARter {3875+ {12020 +
GFP CMARter = coGFP P2A- {CMV SA-SV40 pA {230 624
PuroR (NP-
NTCO9385R-SP-Ele40-CMV- {ELE40 pCl SD SMARter {1524 + {5483 +
GFP SMARter = coGFP P2A- {CMV SA - SV40 59 393
PuroR pA
a Results presented are mean fluorescent units + standard deviation at 2 days post
transfection

[0097] The results presented in Table 4 further demonstrates human IFNB SMAR flanked by
SD/SA improves expression in both HEK293 and A549 cell lines compared to human IFNB
SMAR without SD/SA site with the UCOE-EF1 promoter no intron coGFP transgene
transcription unit and the UCOE-CMV promoter pCl intron coGFP transgene transcription unit
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(i.e., improved expression with two different promoters, with or without a 5' UTR encoded
intron). Additionally, CMARter SMAR flanked by SD/SA has higher expression than human
IFNB SMAR flanked by SD/SA. Further, replacement of S/IMAR AATAAA(N) transcription
termination signals with an AATATT(T) MAR motif resulted in a functional S/MAR,
demonstrating that this approach can be used to remove transcription terminator signals from
S/MAR elements described in the art. Alternative motifs can be substituted for AATATT(T), for
example, AT rich motifs enriched in S/IMARs as described by Liebeich et al., Supra, 2002. This
AATAAA motif replacement method allows adaption of S/MARs in the art to be utilized in 3'
UTRs of the invention, without reducing expression through AATAAA motif-mediated premature
transcription termination.

[0098] Collectively, the results demonstrate the vectors of the current invention solve the
suboptimal expression level limitation of S/MAR based vectors described in the art.

Example 4: SIMAR vector expression after episome establishment

[0099] Expression from NP-UCOE (Figure 6) and NP-UCOE-SP (Figure 6) was determined
after episomal establishment in cell line HEK293. Cells were established with the standard
protocols which required the application of Puromycin (0.5 o g/ml) for one week before
expansion for at least 30 days (Wong and Harbottle, 2013 Mol Ther Nucleic Acids 2:e115). The
established populations were analysed for the expression of the reporter gene GFP via FACS
and the GFP RNA levels were evaluated via gPCR. The results (Figure 10) demonstrate that
human IFNB SMAR flanked by SD/SA improves mRNA transcription and GFP transgene
expression compared to human IFNB SMAR without SD/SA site after episomal establishment
in the HEK293 cell line. A second experiment demonstrated GFP transgene expression of SD-
S/MAR-SA vectors NP-UCOE-SP (Figure 6), NP- SMARter-SP (Figure 7) and NP-CMARter-SP
(Figure 7) were improved compared to non SD-SA vector NP-UCOE (Figure 6) after episomal
establishment in HEK293 cell line and primary Mouse Embryonic Fibroblast cells.

[0100] These results with established cell lines demonstrate the vectors of the current
invention solve the gene silencing limitation of S/MAR based vectors described in the art.

Example 5: SIMAR vector expression after episome establishment

[0101] The efficacy in establishing cells was also tested in HEK293T through colony forming
assay (Wong and Harbottle, Supra, 2013) with vectors harboring two different S/MARSs
(interferon beta S/IMAR; ApoB S/MAR, 805 bp) with and without flanking SD and SA sites. The
results demonstrated (Figure 12) that with both the interferon beta S/IMAR and the ApoB
S/MAR flanking SD and SA sites dramatically improved efficacy in generating established cells
(i.e., producing the highest number of colonies). These results demonstrate the vectors of the
current invention solve the low establishment rate limitation of S/IMAR based vectors described
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in the art.

Example 6: Efficiency of establishment and analysis of the genetically modified cell
population (Fig. 1)

[0102] The efficacy in generating stably expressing cells was evaluated in a colony forming
assay using pS/MARt (Fig. 4, SEQ ID NO:41). Upon DNA delivery, cells positive for GFP
transgene expression were isolated via FACS sorting (FACS Aria Il) and 100 cells were plated
into a 6 cm cell culture dish. They were then cultured for 4 weeks in presence of 0.5 ug/ml
Puromycin. After 4 weeks the cells were fixed with PFA and the colonies stained with Crystal
Violet. The number of colonies is considered as the efficiency of vector establishment, i.e. the
number of colonies forming per number of FACS sorted cells plated. The generation of stable
cells lines is very effective with over 40 % of transfected cells becoming established (Fig. 1A)).
The number of transgene (GFP) expressing cells was estimated by Flow Cytometry. As shown
in Fig. 1 b), pS/MARt generates modified populations in which the expression of the transgene
is homogenous without significant numbers of negative cells.

Example 7: Plasmid rescue of pS/MARt vectors from established cell populations (Fig.
2)

[0103] An effective method to determine if DNA vectors are maintained episomally with
integrity within modified cells is to verify that they can be rescued intact into naive bacteria. To
do so, persistently established cell lines modified with the plasmid pS/MARt were cultured in
the presence of the antibiotic Puromycin (0.5 ug/ml) for 1 week and expanded for at least 30
days without antibiotic to evaluate vector integrity. Total DNA was prepared from the cells using
the Blood&Tissue DNAeasy kit (Qiagen) and transformed into DH10B E. coli cells. Bacteria
were grown on LB-Agar plates with Kanamycin (50ug/ml). 12 colonies were grown in liquid LB
medium with Kanamycin (50 ug/ml) overnight and plasmid DNA was extracted with the
MiniprepKit (Qiagen). For the analysis the DNA mini preparations were digested with the
restriction enzyme BamHI| (Thermo Fisher) for 10 min at 37°C and the restriction pattern was
addressed on a 1% agarose gel. As control the DNA used for transfecting the cells at the
beginning of the establishment procedure was digested with the same enzyme and run as a
reference. These gels illustrate that intact pS/MARt DNA could be isolated form stable modified
cell lines and that in every instance the DNA was identical to the originally transfected vectors.

Example 8: pS/MARt vectors are maintained episomally in modified cells (Fig. 3)

[0104] To further demonstrate that the pS/MARt vectors were modifying the mammalian cells
as an episome, structure was physically determined by Southern Blot analysis. Hek293T cell
populations cultured for at least 30 days after DNA transfection were analyzed. The genomic
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DNA was extracted with the Blood&Tissue DNAeasy kit (Qiagen) and digested over night at
37°C with the restriction enzyme BamHI| (NEB). The total cellular DNA was then separated on a
1% agarose gel and transferred to a nylon membrane. Oligonucleotides corresponding to the
vector's GFP gene were used to generate the radioactive probe used to detected the pS/MARt
DNA within cellular DNA. The presence in the samples of a single band that has the same size
of the control vector demonstrates the episomal status of pS/MARt in the established
mammalian cell populations. The absence of smears and/or alternative bands demonstrates
that the vectors did not rearrange nor integrate into the cellular genome.

[0105] The vector methods and compositions disclosed herein and evaluations presented
above demonstrate 3' UTR SD-SMAR-SA compositions improved expression and or episomal
establishment compared to non SD-SA versions. Improved performance is not S/MAR specific
since performance improvement is observed with various S/MARs. Improved performance is
also not vector transcription unit specific, since performance improvement is observed with SD-
SMAR-SA linked to various promoters, 5' UTRs, transgenes, and polyA signals. Improved
performance is observed with or without upstream introns. Thus, the 3' UTR SD-SMAR-SA
vectors of the disclosure are broadly applicable to improve self-replicating non-integrative
episomal vertebrate expression vector performance.

[0106] The vectors of the current technology any intronic splice donor site described in the art
could be substituted for the pCl intron derived splice donor. Likewise, any intronic splice
acceptor site described in the art could be substituted for the pCl intron derived splice
acceptor. For example, splice donors and acceptors may be derived from the HTLV- IR-Rabbit
B globin hybrid intron, HTLV- IR CMV hybrid intron, CMV intron, CpG free intron | 140, Human
B globin Murine 1gG chimeric intron, Adenovirus leader- Murine IgG chimeric intron, Rabbit B
globin intron, Truncated CMV intron, CAG (Chicken B Actin-rabbit B globin) intron, CMV-Rabbit
B globin hybrid intron disclosed in Williams, Supra, 2014 or other introns described in the art.

[0107] The various alternative S/MARs described in the art could also be used in the vectors of
the current technology. If necessary, internal polyA sites can be removed by motif replacement
as described herein.

[0108] The vectors may encode a diversity of transgenes different from the examples provided
herein, for example, antigen genes for a variety of pathogens, or therapeutic genes such as
hypoxia inducible factor, keratinocyte growth factor, factor IX, factor VIII, Fanconi anemia
complementation group A protein, homogentisate dioxygenase, etc or polyproteins such as a
reprogramming factor polyprotein.

[0109] Likewise, the vectors may utilize a diversity of RNA Pol |l promoters different from the
CMV and elongation factor 1 (EF1) promoter examples provided herein, for example,
constitutive promoters such as the chicken B -actin promoter, the B -actin promoter from other
species, the phosphoglycerokinase (PGK) promoter, the spleen focus-forming virus (SFFV)
promoter, the Rous sarcoma virus (RSV) promoter, the human serum albumin (SA) promoter,
the thyroxine binding globulin (TBG) promoter, the cytochrome P450 2E1 (CYP2E1) promoter,
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etc. The vectors may also utilize combination promoters such as the chicken B - actin/CMV
enhancer (CAG) promoter, the human or murine CMV-derived enhancer elements combined
with the elongation factor 1a (EF1a) promoters, CpG free versions of the human or murine
CMV-derived enhancer elements combined with the elongation factor 1a (EF1a) promoters,
the albumin promoter combined with an a - fetoprotein MERII enhancer, etc, or the diversity of
tissue specific or inducible promoters know in the art such as the muscle specific promoters
muscle creatine kinase (MCK), and C5-12 or the liver-specific promoters apolipoprotein A-I
(ApoAl), a -1 antitrypsin (AAT) promoter, AAT-TTR promoter, SERP-TTR promoter, and ApoE-
hAAT, or T-cell promoters such as hTCR8.1, CD4 and WASp. Additionally, in the Nanoplasmid
backbone, various orientations of the R6K replication origin, and the RNA selectable marker,
may be utilized. For example, any of the eight orientations of the R6K replication origin, and
the RNA selectable marker in vectors of the current technology may be used (i.e., «<Pol lll
replication origin RSM—; Pol Il replication origin < RSM; Pol Il replication origin — RSM —;
Pol 1ll replication origin — < RSM; « RSM Pol Il replication origin —; « RSM « Pol Il
replication origin; RSM — Pol lll replication origin —; RSM — <« Pol Il replication origin).
Further, a variety of RNA selectable markers know in the art may be substituted for RNA-OUT.
Thus, the reader will see that the improved self-replicating non-integrative episomal vertebrate
expression vectors of the current technology provide for an approach to improve non-
integrative episomal replication plasmid encoded transgene expression.

Accordingly, the scope of the disclosure should be determined not by the embodiments
illustrated, but by the appended claims.

SEQUENCE LISTING

[0110]

<110> Deutsches Krebsforschungszentrum
Nature Technology Coropration

Bozza, Matthias

Harbottle, Richard

Williams, James

<120> NON-INTEGRATING DNA VECTORS FOR THE GENETIC MODIFICATION OF CELLS
<130> DK14791PC1

<160> 41

<170> BiSSAP 1.3.6

<210>1

<211> 281

<212>DNA

<213> Artificial Sequence



<220>

<223> R6K gamma origin

<400> 1
ggcttgttgt

ttettataaa
gttcaaacat
ttagtacgtt
gagagcttag

<210>2
<211> 281

<212> DNA

ccacaacegt taaaccttaa

acttaaaacc ttagaggcta

gagagettag tacgtgaaac

agceatgagg gtttagttcg

tacgtactat

caacaggttg

<213> Artificial Sequence

<220>

<223> 1 CpG R6K gamma origin

<400> 2
ggecttgtigt

ttettataaa
gttcaaacat
ttagtacatt
gagagcttag

<210>3
<211> 260

<212> DNA

ccacaaccat taaaccttaa

acttaaaacc ttagaggcta

gagagcttag tacgtgaaac

agecatgagg

tacatactat

gtttagtteca

caacaggttg

<213> Artificial Sequence

<220>

<223> CpG free R6K gamma origin

<400> 3

aaaccttaaa
tagaggctat
acatgaaaca
tttagttecat
aacaggttga

<210> 4
<211> 389

<212> DNA

acctttaaaa
ttaagttget
tgagagctta
taaacatgag

actgctgate

geet.tatata
gatttatatt
gtacattagc

agcttagtac

<213> Artificial Sequence

<220>

aagetttaaa
tttaagttge
atgagagctt
ttaaacatga

aactgctgat

aagctttaaa
tttaagttge
atgagagctt
ttaaacatga

aactgetgat

ttettttttt
aattttattg
catgagagct

attaaacatg

agecttatat
tgatttatat
agtacgttag
gagcttagta

<

agccttatat
tgatttatat
agtacattag
gagcttagta

c

toettataaaa
ttcaaacatg
tagtacatta

agagecttagt

attectttttt
taattttatt
ccatgagage

cgttaaacat

attetttttt
taattttatt
ccatgagagce

cattaaacat

cttaaaacct
agagcettagt
gccatgaggg

acatactatce
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60

120

180

240

281

60

120

180

240

281

60

120

180

240

260



<223> Extended R6K gamma origin

<400> 4

tgtcagcegt taagtgttce tgtgtcactg aaaattgett tgagaggetce taagggette
tecagtgegtt acatccctgg cttgttgtce acaaccgtta aaccttaaaa getttaaaag
ccttatatat tetttttttt cttataaaac ttaaaacett agaggetatt taagttgetg
atttatatta attttattgt tcaaacatga gagcttagta cgtgaaacat gagagcttag
tacgttagec atgagagett agtacgttag ccatgagggt ttagttegtt aaacatgaga
gettagtacg ttaaacatga gagettagta cgtgaaacat gagagettag tacgtactat
caacaggttg aactgctgat cttecagate

<210> 5

<211> 139

<212>DNA
<213> Artificial Sequence

<220>
<223> RNA-OUT selectable marker

<400>5

gtagaattgg taaagagagt cgtgtaaaat atcgagttcg cacatcttgt tgtetgatta
ttgatttttg gecgaaaccat ttgatcatat gacaagatgt gtatctacct taacttaatg
attttgataa aaatcatta

<210>6

<211> 69

<212>DNA
<213> Artificial Sequence

<220>
<223> RNA-OUT antisense repressor RNA

<400> 6

tegecacatct tgttgtctga ttattgattt ttggecgaaac catttgateca tatgacaaga
tgtgtatet

<210> 7

<211> 139

<212>DNA
<213> Artificial Sequence

<220>
<223> 2 CpG RNA-OUT selectable marker

<400> 7
gtagaattgg taaagagagt tgtgtaaaat attgagtteg cacatcttgt tgtctgatta

ttgatttttg gecgaaaccat ttgatcatat gacaagatgt gtatctacct taacttaatg
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attttgataa

<210> 38
<211> 466
<212> DNA

aaatcatta

<213> Artificial Sequence

<220>
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139

<223> R6K gamma origin -RNA-OUT bacterial replication-selection region flanked by Nhel and
Kpnl restriction sites

<400> 8

getagecege
aaagctttaa
atttaagttg
catgagagct
gttaaacatg
gaactgctga
gecacatcettg
tgtatctace
<210>9

<211> 439
<212> DNA

ctaatgageg
aagccttata
ctgatttata
tagtacgtta
agagcttagt
tccacgttgt
ttgtetgatt

ttaacttaat

ggcttttttt
tattettttt
ttaattttat
gecatgagag
acgttaaaca
ggtagaattg
attgattttt

gattttgata

<213> Artificial Sequence

<220>

<223> 1 CpG R6K gamma origin
flanked by Nhel and Kpnl restriction

<400> 9
gctagetgge

ctttttttte
ttttattgtt
tgagagctta
taaacatgag
ttggtaaaga
tttggecgaaa
ataaaaatca
<210>10

<211> 565
<212> DNA

ttgttgtceca
ttataaaact
caaacatgag
gtacattage
agcttagtac
gagttgtgta
ccatttgatc

ttaggtacc

caaccattaa
taaaacctta
agcttagtac
catgagggtt
atactatcaa
aaatattgag

atatgacaag

<213> Artificial Sequence

tggettgttg
tttettataa
tgttcaaaca
cttagtacgt
tgagagctta
gtaaagagag
ggcgaaacca

aaaatcatta

tccacaaceg
aacttaaaac
tgagagectta
tagccatgag
gtacgtacta
tcgtgtaaaa
tttgatcata

ggtace

ttaaacctta
cttagaggct
gtacgtgaaa
ggtttagttce
tcaacaggtt
tategagtte

tgacaagatg

60

120

180

240

300

360

420

466

- 2 CpG RNA-OUT bacterial replication-selection region

sites

accttaaaag
gaggctattt
gtgaaacatg
tagttcatta
caggttgaac
ttecgecacate

atgtgtatct

ctttaaaage
aagttgctga
agagcttagt
aacatgagag
tgctgatctg
ttgttgtctg

accttaactt

cttatatatt
tttatattaa
acattagcca
cttagtacat
tacagtagaa
attattgatt

aatgattttg

60

120

180

240

300

360

420

439



<220>
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<223> pNTC-NP1 polylinker trpA R6K-RNA-OUT polylinker cloning cassette: EcoRI-Hindlll

<400> 10

gaattecgage
gecgggetttt
atatattctt
atattaattt
ttagcecatga
agtacgttaa
tgtggtagaa
attattgatt
aatgattttg
actgcagagg
<210> 11

<211> 584
<212> DNA

tecggtaccte
ttttggettg
ttttttctta
tattgttcaa
gagcttagta
acatgagagce
ttggtaaaga
tttggcgaaa
ataaaaatca

cctgeatgea

gegaatgeat
ttgtecacaa
taaaacttaa
acatgagagce
cgttagacat
ttagtacgta
gagtcgtgta
ccatttgatc
ttaggageta

agett

<213> Artificial Sequence

<220>

<223> pNTC-NP2 polylinker trpA R6K-RNA-OUT polylinker cloning cassette:

<400> 11
gaattegage

gecgggetttt
atatattett
atattaattt
ttagcecatga
agtacgttaa
tgtggtagaa
attattgatt
aatgattttg
teggateeeg
<210> 12

<211> 557
<212> DNA

teggtaccte
ttttggettg
ttttttetta
tattgttcaa
gagcttagta
acatgagage
ttggtaaaga
tttggecgaaa
ataaaaatca

ggececcgtega

gegaatgeat
ttgtecacaa
taaaacttaa
acatgagage
cgttagecat
ttagtacgta
gagtcgtgta
ccatttgate
ttaggactag

ctgecagagge

<213> Artificial Sequence

<220>

ctaggggacg

ccgttaaace
aaccttagag
ttagtacgtg
gagggtttag
ctatcaacag
aaatatcgag
atatgacaag

gecattgggte

ctaggggacg
cegttaaace
aaccttagag
ttagtacgtg
gagggtttag
ctatcaacag
aaatatcgag
atatgacaag
tceccgggege

ctgcatgeaa

geegetagee
ttaaaagett
getatttaag
aaacatgaga
ttegttaaac
gttgaactge
ttegeacate

atgtgtatct

atceggatccee

geegetagee
ttaaaagett
getatttaag
aaacatgaga
ttegttaaac
gttgaactge
ttegeacate
atgtgtatct
tagttattaa

gett

cgcectaatga
taaaagcctt
ttgetgattt
gcettagtacg
atgagagett
tgatccacgt
ttgttgtetg
accttaactt

gggecegteg

cgectaatga
taaaagcctt
ttgetgattt
gettagtacg
atgagagett
tgatccacgt
ttgttgtetg
accttaactt

tattgggtca

60
120
180
240
300
360
420
480
540

565

EcoRI-Hindlll

60
120
180
240
300
360
420
480
540

584

<223> pNTC-NP3 polylinker trpA R6K-RNA-OUT polylinker cloning cassette: EcoRI-Hindlll



<400> 12

gaattegage
gegggetttt
atatattett
atattaattt
ttagccatga
agtacgttaa
tgtggtagaa
attattgatt
aatgattttg
ggecctgeatg
<210> 13

<211> 557
<212> DNA

teggtaccte
ttttggettg
ttttttetta
tattgttcaa
gagcettagta
acatgagage
ttggtaaaga
tttggecgaaa
ataaaaatca

caagett

gegaatgeat
ttgteccacaa
taaaacttaa
acatgagage
cgttagecat
ttagtacgta
gagtcgtgta
ccatttgate

ttaggtaccg

<213> Artificial Sequence

<220>

<223> pNTC-NP4 polylinker trpA R6K-RNA-OUT polylinker cloning cassette:

<400> 13

aagettgeat
atgecatctag
ccacaacegt
acttaaaacc
gagagcttag
agcecatgagg
tacgtactat
cgtgtaaaat
ttgatcatat
gtaccgagcet
<210> 14

<211> 503
<212> DNA

gcaggecctet
gggacggceg
taaaccttaa
ttagaggcta
tacgtgaaac
gtttagtteg
caacaggttg
atcgagttcg
gacaagatgt

cgaatte

gcagtegacg
ctagceccgee
aagctttaaa
tttaagttge
atgagagett
ttaaacatga
aactgctgat
cacatcttgt

gtatctacct

<213> Artificial Sequence

<220>

ctaggggacg
cogttaaace
aaccttagag
ttagtacgtg
gagggtttag
ctatcaacag
aaatatcgag
atatgacaag

agectcggate

ggceegggat
taatgagegg
ageccttatat
tgatttatat
agtacgttag
gagcttagta
ccacgttgtg
tgtctgatta

taacttaatg

geegetagee
ttaaaagett
gctatttaag
aaacatgaga
ttegttaaac
gttgaactge
ttegeacatce
atgtgtatet

ccgggeccgt

ccgagetegg
getttttttt
attetttttt
taattttatt
ccatgagage
cgttaaacat
gtagaattgg
ttgatttttg

attttgataa

cgcctaatga
taaaagcctt
ttgetgattt
gettagtacg
atgagagett
tgatccacgt
ttgttgtectg
accttaactt

cgactgcaga

tacctegega
ggettgttgt
ttcttataaa
gttcaaacat
ttagtacgtt
gagagcttag
taaagagagt
gcgaaaccat

aaatcattag

DK/EP 3684925 T3

60
120
180
240
300
360
420
480
540

557

HindllI-EcoRl

60
120
180
240
300
360
420
480
540

557

<223> pNTC-NP5 polylinker trpA R6K-RNA-OUT polylinker cloning cassette: Kasl-Hindlll

<400> 14

ggcgcegecta gcccgcctaa tgageggget tttttttgge ttgttgtcca caaccgttaa

accttaaaag ctttaaaage cttatatatt ctttttttte ttataaaact taaaacctta

60

120



gaggctattt
gtgaaacatg
tagttegtta
caggttgaac
gagttegeac
aagatgtgta
tgcagaggcee
<210> 15

<211> 539
<212> DNA

aagttgetga
agagettagt
aacatgagag
tgctgatcca
atettgttgt
tctaccttaa

tgcatgecaag

tttatattaa
acgttageca
cttagtacgt
cgttgtggta
ctgattattg
cttaatgatt

ctt

<213> Artificial Sequence

<220>

<223> pNTC-NP6 polylinker trpA R6K-RNA-OUT polylinker cloning cassette:

<400> 15

gaattetgea
tttggettgt
tttttettat
attgttcasa
agcttagtac
catgagagcet
tggtaaagag
ttggcgaaac
taaasaatcat
<210> 16

<211> 500
<212> DNA

gatatccate
tgtecacaac
aaaacttaaa
catgagagct
gttagececatg
tagtacgtac
agtcgtgtaa
catttgatca

taggtaccgg

acactggcgg
cgttaaacct
accttagagg
tagtacgtga
agggtttagt
tatcaacagg
aatatcgagt
tatgacaaga

gceoececete

<213> Artificial Sequence

<220>

<223> pNTC-NP7 polylinker trpA R6K-RNA-OUT polylinker cloning cassette:

<400> 16

gcgecgeagece
cacaaccgtt
cttaaaacct
agagcttagt
gccatgaggg
acgtactatc

gtgtaaaata

ttaattaage
aaaccttaaa
tagaggctat
acgtgaaaca
tttagttcgt
aacaggttga

tecgagttege

tageecegect
agctttaaaa
ttaagttget
tgagagctta
taaacatgag
actgctgate

acatecttgtt

ttttattgtt
tgagagctta
taaacatgag
gaattggtaa
atttttggeg

ttgataaaaa

cecgetagece
taaaagettt
ctatttaagt
aacatgagag
tcgttaaaca
ttgaactgct
tecgecacatcet

tgtgtatcta

gatcgaggte

aatgageggg
geccttatata
gatttatatt
gtacgttage
agcttagtac
cacgttgtgg

gtectgattat

caaacatgag
gtacgttage
agcttagtac
agagagtcgt
aaaccatttyg

tecattaggta

gecectaatgag
aaaagcctta
tgctgattta
cttagtacgt
tgagagctta
gatccacgtt
tgttgtetga
ccttaactta

gacggtateg

cttttttttg
ttcttttttt
aattttattg
catgagaget
gttaaacatg
tagaattggt

tgatttttgg

agcttagtac
catgagggtt
gtactatcaa
gtaaaatatc
atcatatgac

ccacatgtce

cgggettttt
tatattettt
tattaatttt
tagccatgag
gtacgttaaa
gtggtagaat
ttattgattt
atgattttga

ggggagete

gottgttgte
tcttataaaa
ttcaaacatg
tagtacgtta
agagcttagt
aaagagagtc

cgaaacceatt

DK/EP 3684925 T3

180
240
300
360
420
480

503

EcoRI-Sacl

60
120
180
240
300
360
420
480

539

BssHII-BssHI|

60

120

180

240

300

360

420



tgatcatatg acaagatgtg tatctacctt aacttaatga ttttgataaa aatcattagg

tacecttaatt

<210> 17
<211> 530

<212> DNA

aactgecgcge

<213> Artificial Sequence

<220>

DK/EP 3684925 T3

480

500

<223> pNTC-3xCpG NP1 polylinker R6K-RNA-OUT polylinker cloning cassette: HindllI-EcoRI

<400> 17
aagcttgcat

cacaaccatt
cttaaaacct
agagcttagt
gecatgaggg
acatactatce
taaaatattg
tcatatgaca

cgctagegge

<210> 18

<211> 1973
<212> DNA

gcaggcctct

aaaccttaaa
tagaggctat
acgtgaaaca
tttagttcat
aacaggttga
agttegeaca
agatgtgtat

cgtcecctag

gcagtcgacg

agctttaaaa
ttaagttget
tgagagetta
taaacatgag
actgctgatc
tettgttgte
ctaccttaac

atgecattege

<213> Artificial Sequence

<220>

ggccctctag

gecttatata
gatttatatt
gtacattage
agcttagtac
tgtacagtag
tgattattga
ttaatgattt

gaggtaccga

<223> human Interferon beta S/MAR flanked
enzyme sites

<400> 18
agatctcgag

tattcatgaa
agtcaatatg
atatagaagce
ttccactaaa
tgataaaata
aaaatatgge
aatatattta
attccagtga
tatagaagca

aaccacaaag

ctegatgata
ctaaaagact
ttcacceccaa
ccaaaagaca
tatcaagatt
gagtagagcet
attttacaat
tatgtaaaaa
attataagte
tgeecatecatg

aaaagattgt

atgaatgtet
taatattgtg
aaaagctgtt
ataacaaaaa
tagagcaaag
cagaaacaga
gggaaaatga
ataaaaggga
taaatggaga
acttcagtgt

taattagatt

aagttaatge
aaggtatact
tgttaacttyg
tattettgta
catgagatgt
cecattgata
tgatettttt
acccatatgt
aggcaaaact
agagaaaaat

gcatgaatat

actcgagctg

ttettttttt
aattttattg
catgagaget
attaaacatg
aattggtaaa
tttttggega
tgataaaaat

getecgaatte

gcttgttgte

tettataaaa
ttcaaacatg
tagtacatta
agagcttagt
gagagttgtg
aaccatttga

cattaggtac

60

120

i80

240

300

360

420

480

530

by 5' Bglll-Xhol site and 3' EcoRI restriction

agaaacggag
ttetttecac
ccaaccteat
gaacaaaatg
gtggggatag
tatgtaagtg
cttttttaga
cataccatac
ttaaatettt
ttettatgac

taagacttat

agacatacta
ataaatttgt
tctaaaatgt
ggaaagaatg
acagtgaggec
acctatgaaa
aaaacaggga
acacaaaaaa
tagaaaataa
tcaaagtcecet

ttttaaaatt

60

120

180

240

300

360

420

480

540

600

660



aaaaaaccat
aaagagaatt
ctagacaaaa
tcaatctecag
ggctaagtaa
cagtacttta

tatactttaa

caaaaataag
attatatgta
aaactaatga
acacggcaaa
ttttttaaat
cgcctaacta
tttgttttet
aattgagagg
gattgecatca
accatgtgat
cgttgaacea
atacattectt
agagatattg
gtaatgctgg
agattgtaga
<210>19

<211> 2085
<212> DNA

taagaaaagt
gtaatatgca
atttgaacag
aaatcagaga
catctgtgge
ccecatggge

aaaccattac

aaaagtctga
atgtggcatt
aatataaata
geeattttea
gtagtctgga
teecatagetg
ttttaaatga
aaggtacatt
tgaatgggtg
tttettettt
cecttacata
ggattetttt
gtetgttgtt
cctagttgaa

aagttgatac

caggcecatag
gattataaaa
atgaaagaga
actatcattg
aatattgatg
ttectecceca

cctatateta

ggaactgtca
ctgaatgaga
aagtttgaac
tatttttett
acattgeccag
attggtctaa
aaaactttat
caagctgagg
ttaaattttg
aacctgttga
tcetggaataa
tgctaatatt
ttettttett
tgatttagga

aatttttttt

<213> Artificial Sequence

<220>

aatgacagaa
agaagtctta
aactctaaat
catatacact
gtatataacc
aacccttace

accagtacte

aaactaagag
teoceccagaaca
tttagttttt
gaacattaag
aaacagaagt
aatgagatac
tttttaagag
aagttttect
tecaaatgett
tgggacaaat
attctacttg
ttgttgaaaa
gtaatgtecat
agtattcect

tetttaaata

aatatttgea
caaatcagta
aatcattaca
aaattagaga
ttgatatgat
ccagtataaa

ctcaaaactg

gaacccaagqg
gaaaaagaac
tttaaaaaag
tacaagtcta
acagecagcta
atcaacgete
gagtttecagg
ctattcetag
tttetgtgte
tacgttaatt
gttgtggtgt
tgtttgtate
tttectagtte
ctgettetgt

tttgatagaa

acaccecagt
aaaaataaaa
catgagaaac
aatattaaaa
gtgatgagaa
teatgacaaa

tcaaggtcat

agacatgaga
agtagctaaa
agtagcatta
taattaaaaa
tetgtgetgt
ctecatgttt
ttecatagecaa
tttactgaga
tatcaatatg
gattttcaaa
atattttttg
tttgtteatg
cggtattaag
cttectgaaag

tte

DK/EP 3684925 T3

720
780
840
200
960
1020

1080

1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920

1973

<223> Splice donor-human Interferon beta S/IMAR-splice acceptor flanked by 5' Bglll site and
3' BamHI restriction enzyme sites

<400> 19

agatctatge
gacaggtcecte
ctatattcat
tgtagtcaat
tgtatataga

atgttecact

atgcagaagt
gagctcgatg
gaactaaaag
atgttcacce
agcccaaaag

aaatatcaag

tggtegtgag
ataatgaatg
acttaatatt
caaaaaagcet
acaataacaa

atttagagca

gecactgggea
tetaagttaa
gtgaaggtat
gtttgttaac
aaatattctt

aagcatgaga

ggtaagtatc
tgcagaaacg
actttctttc
ttgecaacet

gtagaacaaa

tgtgtgggga

aaggttacaa
gagagacata
cacataaatt
cattctaaaa
atgggaaaga

tagacagtga

60

120

180

240

300

360



ggctgataaa
aaaaaaatat
ggaaatatat

aaaattceccag

taatatagaa
cctaaccaca
attaaaaaac
agtaaagaga
aaactagaca
aactcaatct
aaaggctaag
gaacagtact
aaatatactt
catcaaaaat
agaattatat
aaaaaactaa
ttaacacgge
aaatttttta
tgtegectaa
ttttttgttt
caaaattgag
agagattgca
atgaccatgt
aaacgttgaa
ttgatacatt
atgagagata
aaggtaatge
aagagattgt
tgacatccac
<210> 20

<211> 2085
<212> DNA

atagagtaga
ggcattttac
ttatatgtaa

tgaattataa

gecatgecate
aagaaaagat
cattaagaaa
attgtaatat
aaaatttgaa
cagaaatcag
taacatetgt
ttaceceatg
taaaaaccat
aagaaaagte
gtaatgtgge
tgaaatataa
aaagccattt
aatgtagtet
ctateccatag
tetttttaaa
aggaaggtac
tecatgaatgg
gattttette
ccaceccttac
cttggattct
ttggtctgtt
tggcectagtt
agaaagttga

tttgecttte

getcagaaac
aatgggaaaa
aaaataaaag

gtctaaatgg

atgacttcag
tgttaattag
agtcaggcca
gcagattata
cagatgaaag
agaactatca
ggcaatattg
ggcttecteo
tacectatat
tgaggaactg
attctgaatg
ataaagtttg
teatattttt
ggaacattge
ctgattggte
tgaaaaactt
attcaagctg
gtgttaaatt
tttaacctgt
atatctggaa
ttttgctaat
gttttetttt
gaatgattta
tacaattttt

tetecacagg

<213> Artificial Sequence

<220>

agacccattg
tgatgatctt
ggaacccata

agaaggcaaa

tgtagagaaa
attgcatgaa
tagaatgaca
asaagaagte
agaaactcta
ttgcatatac
atggtatata
ccaaaccctt
ctaaccagta
tcaaaactaa
agatceccaga
aactttagtt
cttgaacatt
cagaaacaga
taaaatgaga
tattttttaa
aggaagtttt
ttgtcaaatg
tgatgggaca
taaattctac
attttgttga
cttgtaatgt
ggaagtatte
ttttctttaa

tgtecacteg

atatatgtaa
tttetttttt
tgtcatacca

actttaaatc

aatttcttat
tattaagact
gaaaatattt
ttacaaatca
aataatecatt
actaaattag
accttgatat
accceagtat
ctectcaaaa
gaggaacceca
acagaaaaag
ttttttaaaa
aagtacaagt
agtacagecag
tacatcaacg
gaggagttte
cctctattee
ctttttetgt
aattacgtta
ttggttgtgg
aaatgtttgt
cattttetag
cetetgette
atatttgata

gatce

gtgacctatg
agaaaaacag
tacacacaaa

ttttagaaaa

gactcaaagt
tatttttaaa
gcaacacccce
gtaaaaaata
acacatgaga
agaaatatta
gatgtgatga
aaatcatgac
ctgtcaaggt
aggagacatg
aacagtagcet
aagagtagca
ctataattaa
ctatctgtge
ctectecatg
aggttcatag
tagtttactg
gtctatcaat
attgatttte
tgtatatttt
atctttgttce
tteeggtatt
tgtettetga

gaattecttac

DK/EP 3684925 T3

420
480
540

600

660

720

780

840

200

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040

2085

<223> Splice donor-human Interferon beta S/MAR (-AATAAA)-splice acceptor flanked by 5'
Bglll site and 3' BamHI restriction enzyme sites



<400> 20

agatetatge
gacaggtctc
ctatattecat
tgtagtcaat
tgtatataga
atgttecact
ggctgataaa
aaaaaaatat
ggaaatatat
aaaattcecag
taatatagaa
cctaaccaca
attaaaaaac
agtaaagaga
tttctagaca
aactcaatct
aaaggctaag
gaacagtact
aaatatactt
catcaaaaat
agaattatat
aaaaaactaa
ttaacacgge
aaatttttta
tgtegectaa
ttttttgttt
caaaattgag
agagattgea
atgaccatgt
aaacgttgaa
ttgatacatt

atgagagata

aaggtaatge tggcctagtt gaatgattta ggaagtattc cctctgette tgtettetga

aagagattgt agaaagttga tacaattttt ttttetttaa atatttgata gaattettac

atgecagaagt
gagctegatg
gaactaaaag
atgttcacee
agcecaaaag
aaatatcaag
atagagtaga
ggcattttac
ttatatgtaa
tgaattataa
gcatgeccatce
aagaaaagat
cattaagaaa
attgtaatat
aaaatttgaa
cagaaatcag
taacatotgt
ttaccececatg
taaaaaccat
aagaaaagtc
gtaatgtgge
tgaaatataa
aaagecattt
aatgtagtct
ctatccatag
tetttttaaa
aggaaggtac
tecatgaatgg
gattttette
ccacecttac

cttggattet

ttggtctgtt

tggtegtgag
ataatgaatg
acttaatatt
caaaaaagct
acaataacaa
atttagagca
gctcagaaac
aatgggaaaa
aaaatatttg
gtctaaatgg
atgacttcag
tgttaattag
agtcaggcca
gcagattata
cagatgaaag
agaactatca
ggeaatattg
ggettectee
taccctatat
tgaggaactg
attetgaatg
atattttttg
teatattttt
ggaacattge
ctgattggtce
tgaaaaactt
attcaagetg
gtgttaaatt
tttaacctgt
atatctggaa
ttttgetaat

gttttctttt

geactgggea
tctaagttaa
gtgaaggtat

gtttgttaac
aaatattett
aagcatgaga
agacceattg
tgatgatett
ggaacccata
agaaggcaaa
tgtagagaaa
attgcatgaa
tagaatgaca
aaaagaagtec
agaaactcta
ttgecatatac
atggtatata
ccaaacactt
ctaaccagta
tcaaaactaa
agatceccaga
aactttagtt
cttgaacatt
cagaaacaga
taaaatgaga
tattttttaa
aggaagtttt
ttgtcaaatg
tgatgggaca
tattttetac
attttgttga

cttgtaatgt

ggtaagtate
tgcagaaacg
actttettte
ttgecaacet
gtagaacaaa
tgtgtgggga
atatatgtaa
tttetttttt
tgtcatacca
actttaaatc
aatttcttat
tattaagact
gaaaatattt
ttacaaateca
aataatcatt
actaaattag
accttgatat
acceccagtat
ctectcaaaa
gaggaaccca
acagaaaaag
ttttttaaaa
aagtacaagt
agtacagcag
tacatcaacg
gaggagttte
cctectattec
ctttttetgt
aattacgtta
ttggttgtgg
aaatgtttgt

cattttctag

tgacatcecac tttgecttte tetccacagg tgtccactecg gatee

<210> 21
<211> 868

aaggttacaa
gagagacata
cacataaatt
cattctaaaa
atgggaaaga
tagacagtga
gtgacctatg
agaaaaacag
tacacacaaa
ttttagaaaa
gactcaaagt
tatttttaaa
gcaacaccce
gtaaaaaata
acacatgaga
agaaatatta
gatgtgatga
aaatcatgac
ctgtcaaggt
aggagacatg
aacagtaget
aagagtageca
ctataattaa
ctatctgtge
ctectcocatg
aggttcatag
tagtttactg
gtctatcaat
attgatttte
tgtatatttt
atetttgtte

ttecggtatt

DK/EP 3684925 T3

60
120
180
240
300
360
420
480
540
600
660
720
780
840
300
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860

13820

1980
2040

2085



<212> DNA

<213> Artificial Sequence

<220>

DK/EP 3684925 T3

<223> Splice donor-human Interferon beta M18 S/MAR-splice acceptor flanked by 5' Bglll site
and 3' BamHI restriction enzyme sites

<400> 21

agatctatge
gacaggtcte
gtctaagtta
tgtgaaggta
tgtttgttaa
aaaatattcet
aaagcatgag
cagacccatt
atgatgatct
gggaacccat
gagaaggcaa
gtgtagagaa
tgaatgattt
atacaatttt
ttetetecac
<210> 22

<211> 927
<212> DNA

atgcagaagt
gagaagettg
atgcagaaac
tactttettt
cttgeccaace
tgtagaacaa
atgtgtgggg
gatatatgta
ttttettttt
atgtecatace
aactttaaat
aaatttctta
aggaagtatt

tttttettta

aggtgtccac

tggtegtgag
atctaaataa
ggagagacat
ccacataaat
tecattctaaa
aatgggaaag
atagacagtg
agtgacctat
tagaaaaaca
atacacacaa
cttttagaaa
tgactcaaag
ccctetgett
aatatttgat

teggatee

<213> Artificial Sequence

<220>

gcactgggea
acttataaat
actatattca
ttgtagtcaa
atgtatatag
aatgttecac
aggctgataa
gaaaaaaata
gggaaatata
aaaaattcca
ataatataga
teoctaaccac
ctgtettetg

agagaattct

ggtaagtatc
tgtgagagaa
tgaactaaaa
tatgtteace
aagcccaaaa
taaatatcaa
aatagagtag
tggcatttta
tttatatgta
gtgaattata
agecatgecat
aaagaaaaga
aaagagattg

tactgacate

aaggttacaa
attaatgaat
gacttaatat
ccaaaaaage
gacaataaca
gatttagage
agctcagaaa
caatgggaaa
aaaaataaaa
agtctaaatg
catgactteca
ttgttaatta
tagaaagttg

cactttgect

60

120

180

240

300

360

420

480

540

600

660

720

780

840

868

<223> Splice donor-805 bp human Apolipoprotein B S/MAR-splice acceptor flanked by 5' Bglll
site and 3' BamHlI restriction enzyme sites

<400> 22

agatctatge
gacaggtete
gactatgtgg
ttgtgaatat
tttttaattt
attataaata
attataaata

taaaatatgt

atgcagaagt

gaggcctacce
cacatgaaga
tttttectte
tttcecectegte
ctttaattat
ctttataaaa

aattataaac

tggtcgtgag

ggagagcctt
caccagaggt
tecacttggea
tttttaacta
adaaatatgta
tatgtaatta

attttaatta

gcactgggca

gecttgeaaa
gtteetecagg
aatacaatte
tttataaaat
attataaata
taaaatatgt

taaaatatgt

ggtaagtatc

ggcagacagt
atcaaagtat
ctgagatcaa
attgaattat
ctttaattat
aattataaac

aattataaac

aaggttacaa

cagtgaggaa
gtacaagcct
taacctegte
aaaatatgta
aaaatatgta
attttaatta

attttaatta

60

120

180

240

300

360

420

480



taaaatatgt
taaaatattt
taaaatattt
taaaatattt
taaaatattt
taaaaacaca
cteegtttee
tetetecaca
<210> 23

<211> 647
<212> DNA

aattataaac
aattataaac
aattataaat
aattataaat
aattataaat
attaccteat
atttttatte

ggtgtccact

attttaatta
attttaatta
attttaatta
actttaatta
attttaatta
ctttttaaat
tgttacttaa

cggatee

<213> Artificial Sequence

<220>

taaaatatgt
taaaatattt
taaaatattt
taaaatattt
taaatatttt
atttttgecaa

atgaattett

aattataaac
aattataaat
aattataaat
aattataaat
aattataaaa
aatatttcce

actgacatce

attttaatta
attttaatta
attttaatta
attttaatta
tatttaatta
tecataattt

actttgectt

DK/EP 3684925 T3

540
600
660
720
780
840
900

927

<223> Splice donor-525 bp human Apolipoprotein B S/IMAR-splice acceptor flanked by 5' Nsil
site and 3' BamHlI restriction enzyme sites

<400> 23

atgecatgcag
tetegagatt
aatatgtaat
tgtaattata
tttaattata
tttaattata
tttaattata
tttaattata
tttaattata
tttaattata
actgacatcce
<210> 24

<211> 197
<212> DNA

aagttggteg
tataaaatat
tataaatact
aaatatgtaa
aaatatgtaa
aaatatgtaa
aaatatttaa
aaatatttaa
aaatatttaa
aatattttaa

actttgectt

tgaggcactg
tgaattataa
ttaattataa
ttataaacat
ttataaacat
ttataaacat
ttataaatat
ttataaatat
ttataaatat
ttataaaata

tetetecaca

<213> Artificial Sequence

<220>

<223> pCl intron

<400> 24

geagaagttg gtegtgagge actgggcagg taagtatcaa ggttacaaga caggtttaag
gagaccaata gaaactggge ttgtcgagac agagaagact cttgegtttce tgataggceac

ctattggtet tactgacate cactttgeet ttetetecac aggtgtecae teccagttea

ggcaggtaag
aatatgtaat
aatatgtaat
tttaattata
tttaattata
tttaattata
tttaattata
tttaattata
tttaattata
tttaattata

ggtgteccact

tatcaaggtt
tataaatact
tataaatact
aaatatgtaa
aaatatgtaa
aaatatttaa
aaatatttaa
aaatatttaa
aaatatttaa
aaaacacaat

cggatec

acaagacagg
ttaattataa
ttataaaata
ttataaacat
ttataaacat
ttataaacat
ttataaatat
ttataaatac
ttataaatat

tagaattctt

60

120

180

240

300

360

420

480

540

600

647

60

120

180



attacagecte ttaagge

<210=> 25

<211> 42

<212>DNA

<213> Artificial Sequence

<220>
<223> pCl Splice donor

<400> 25

gcagaagttg gtcgtgaggc actgggcagg taagtatcaa gg

<210> 26

<211> 44

<212>DNA

<213> Artificial Sequence

<220>
<223> pCl Splice acceptor (murine 1gG)

<400> 26
cttactgaca tccactttgc ctttctctce acaggtgtce actc

<210> 27
<211> 1025
<212> DNA

<213> Artificial Sequence

<220>

<223> Ele40 expression enhancer

<400> 27

gatcaagaaa
getgatgage

acttctagee

cecttagatet
cacacccagt
aatactttge
atatggatat
gtcttecatge
tttttgaaac
aggectcacce

atgtgtatta

gecacteaggg
agtgagtgte
agtgtgatga

cccagtetta
aacagttctg
aaccaggtag
gecatcttett
gaacttggta
cagtgggtga

acggcatcag

gtggagatge

ctecagaagg
ttgagtagtg

gaggctggag

tgeggtgtge
ggatctatgg
agaagtttgg
ttgaaaatgt
tectgtttee
gaaagacacc
actaaaggeca

agcctgtget

agccttccag
ttcagggcag

tecaggtetct

ccattecgett
gagtagette
agtgaaggtt
taaagtaaat
atcccagect
tggtcaggaa
aacaaggact

ctgcagacag

42

44

gecagetttg
catgttacca

agagagttga

tgtgtctgea
cttagtgage
ttgttctttg
tacctetett
tctataacee
cgeggaccac

ctgtataaag

ggagtcacac

agcataaget
ttcatgettg

gecagctcecag

gtcecectgge

ttteecttea
tttettecaca
ttcagatact
agtaacatct
aggacaacte
taceggtgge

agacactttt

DK/EP 3684925 T3
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ctataattte
acaattgtat
tttetggatg
acatgacctt
tatctaccat
tttaacaaaa

agate

<210> 28

<211> 1503
<212> DNA

ttaagtgett
attcatggaa
gaagacaaac
aaggatacat
cttacatagt

atcctaaaga

tgaatgttca
tattttggaa
ttttettttt
atagacagta
tacatttttt

caatacattt

<213> Artificial Sequence

<220>

agtagaaagt
cggaatacca
aaattttate
aactggttac

tgtgtgacag

ttattaacta

<223> A2UCOE expression enhancer

<400> 28

gcctacaget
ggggggaggyg
gegeggeggg
cggaggegee
gggagggaag
ctgettggea
ggtgegaggg
agtacccctt
cagacgeggg
cgggtgttte

gaaggctact

cegggttgag
tcaaactgeg
caagaggtag
gtaacgtegg
ggggegtaga
agcggaagac
gcagtagecag
agcggeagtt
ctctecatete
acgggtttga
gaagteggece

qaagcttaag

caagccacat
gtggcacegc
gggaggggcc
gacgaccgeg
ggggaggcegyg
gecteagegs
tgtggaatce
tgggaccact
ccaggggtgg

cggaaggggc

aagattttte

ggggetggat
cgacecgttte
taactagcag
gtactgtete
geettcoeecge
gegttagtgy
cagcgecggg
ctecactacag
gecteggetge
aatcaatgag
agecgcctee

gtttatgaac

ccgaaggggy
ccacgccggyg
ggcgeegage
geacttaceg
ggegaggaca
ctggegecaa
teccagacget
ttcagecageg
gtecattgegg
cgagtcaatc

tggegggggt

ctccaggetg
tecacctgect
gactctagee
tggcegecaag
cattggcgge
gggggaaggt
teeccgtgegyg
cgecaggacg
gggaaatcgg
ttattgaaaa
gtgggagaga

gaaggtettaga

agggagecgg
cggccacgaa
ccgetgggaa
ttegeggegt
gtgaccggag
aaccggacte
g9gg999gagggyg
aactcteoctyg
cgtgaacaat
cgecgagttyg

tatcattgge

cggattaage
tgcgecaagg
ttecegeaatt
ggtgggagga
ggatagggcg
tectagaaaag
aggtgectect
agtcecggtte
gctgaagega
gggcatggeg
ggcaggaaat

qeagagaect

ctaacattaa
aaaaatggca
ttatatattt
tacagtgaag
gaacagctaa

tagececteat

gagctgegeg
gggcggggea
ttggggecect
ggcgceeggt
teteeteage
cgeccactte
gagttgggag
tacaccaggg
aatttgacta
gggcacggaa

gtaactgcag

caectecegte
cagggggegyg
cattgagege
gtacgeattt
tttacgegac
cggeggeage
cgcagagttg
gtgttegtee
ctgagtcacge
aggecgttgg
cggaccaatt

gagegtacaa

atttgattga
atagtggtte
gaggttgacce
caaattaaca
aatctacgta

gatgtacatt

cggggeegee
gcgggegege
agggggaggg
ggtcceccaag
ggtggetttt
ctegeoegee
cttaaaaact
gtecagttecea
gaagttgatt
aacaaaaagg

ggaccacctce

ggegttaatt
gaccctatte
atttacggaa
ggegtaaggt
ggcctgacgt
ggctctageg
tttetegage
gcggagatet
gatggaggta
cgecteagtyg
cagtagcagt

acagcttece

DK/EP 3684925 T3

720
780
840
900
960
1020

1025

60
120
180
240
300
360
420
480
540
600

660

720
780
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900
960
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1080
1140
1200
1260
1320

1380



cacecteage cteceggege catttecett cactgggggt gggggatggg gagettteac

atggcggacyg ctgceceget ggggtgaaag tggggegegy aggegggaat tettattece

ttt

<210> 29

<211> 15

<212>DNA

<213> Artificial Sequence

<220>
<223> Splice acceptor consensus sequence

<400> 29
YYYYYYYYYY yagrw 15

<210> 30

<211> 11

<212>DNA

<213> Homo sapiens

<400> 30
taaatatttt a 11

<210=> 31

<211> 19
<212>DNA

<213> Homo sapiens

<400> 31
attataaata ttttaatta 19

<210> 32

<211> 24
<212>DNA

<213> Homo sapiens

<400> 32
atttaattat aaatatttta atta 24

<210> 33

<211> 525
<212>DNA

<213> Homo sapiens

<400> 33

atttataaaa tattgaatta taaaatatgt aattataaat actttaatta taaaatatgt

aattataaat actttaatta taaaatatgt aattataaat actttataaa atatgtaatt

DK/EP 3684925 T3

1440
1500

1503

60

120



ataaaatatg
ataaaatatg
ataaaatatg
ataaaatatt
ataaaatatt
ataaaatatt
ataaatattt

<210> 34
<211> 825

<212> DNA

taattataaa

taattataaa

taattataaa

taattataaa

taattataaa

taattataaa

taattataaa

<213> Homo sapiens

<400> 34
gcaggctgag

cttgcaaagyg
tectcaggat
tacaattcct
tataaaatat
tataaatact
aaatatgtaa
aaatatgtaa
aaatatgtaa

aaatatttaa

aaatatttaa
aaatatttaa
aatattttaa
ttttgcaaaa

<210> 35
<211> 854

<212> DNA

tgaaataaag
cagacagtca
caaagtatgt
gagatcaata
tgaattataa
ttaattataa
ttataaacat
ttataaacat
ttataaacat

ttataaatat

ttataaatat
ttataaatat
ttataaaata

tatttcecte

<213> Homo sapiens

<400> 35

cttetecact
ccggagagec
gacaccagag
tetecacttgg
tetttttaac

ataaaatatg

cctggcagge
ttgecttgea
gtgttecctea
caaatacaat
tatttataaa

taattataaa

cattttaatt
cattttaatt
cattttaatt
tattttaatt
tattttaatt
tattttaatt

atatttaatt

gacttgttat
gtgaggaaga
acaagccttt
acctcgtctt
aatatgtaat
aatatgtaat
tttaattata
tttaattata
tttaattata

tttaattata

tttaattata
tttaattata
tttaattata

cataatttet

tgagtgaaat
aaggcagaca
ggat.caaagt
tectgagate
atattgaatt

tactttaatt

ataaaatatg
ataaaatatg
ataaaatatt
ataaaatatt
ataaaatatt
ataaaatatt

ataaaaacac

ttcatctega
ctatgtggea
gtgaatattt
tttaattttt
tataaatact
tataaatact
aaatatgtaa
aaatatgtaa
aaatatttaa

aaatatttaa

aaatatttaa
aaatatttaa
aaascacaat

ccgttteceat

aaaggacttg
gtcagtgagg
atgtacaage
aataaccteg
ataaaatatg

ataaaatatg

taattataaa
taattataaa
taattataaa
taattataaa
taattataaa
taattataaa

aatta

ggcctaccgg
catgaagaca
ttteettete
tcctegtett
ttaattataa
ttataaaata
ttataaacat
ttataaacat
ttataaacat

ttataaatat

ttataaatac
ttataaatat
tacctcatet

tttta

ttattteatc
aagactatgt
ctttgtgaat
tetttttaat
taattataaa

taattataaa

cattttaatt
cattttaatt
cattttaatt
tattttaatt
tactttaatt

tattttaatt

agagccttge
ccagaggtgt
acttggcaaa
tttaactatt
aatatgtaat
tgtaattata
tttaattata
tttaattata
tttaattata

tttaattata

tttaattata
tttaattata

ttttaaatat

tegaggecta
ggcacatgaa
attttttect
tttttecteg
tactttaatt

tactttataa

DK/EP 3684925 T3

180
240
300
360
4290
480

525

60
120
180
240
300
360
420
480
540

600

660
720
780

825

60
120
180
240
300

360



aatatgtaat
acattttaat
acattttaat
acattttaat
atattttaat
atactttaat
atattttaat
atctttttaa
tectgttactt
<210> 36

<211> 199
<212> PRT

tataaaatat
tataaaatat
tataaaatat
tataaaatat
tataaaatat
tataaaatat
tataaatatt
atatttttge

aaat

gtaattataa
gtaattataa
gtaattataa
ttaattataa
ttaattataa
ttaattataa
ttaattataa

aaaatatttc

<213> Artificial Sequence

<220>

acattttaat

acattttaat

acattttaat

atattttaat

atattttaat

atattttaat

aatatttaat

cctccataat

tataaaatat
tataaaatat
tataaaatat
tataaaatat
tataaaatat
tataaaatat
tataaaaaca

ttcteecgttt

<223> puromycin acetyltransferase, synthetic construct

<400> 36
Met Thr
1

Pro Arg

Thr Arg

35
Gln
50
Val

Leu
Trp
Ser Val
Glu Leu

Leu Ala

Glu

Ala

His

Glu

Ala

Glu

Ser

Pro

Tyr Lys
val
20

Thr

Arg

val

Leu Phe

Asp Asp

Pro
Thr

Asp

Leu

Gly

Thr val

Leu Ala

Pro Asp

40
Thr Arg
55

Ala Ala

70

Ala Gly
85
Gly Ser
100

His Arg

115

Val
130
Pro

Gly

Leu
145
Glu Thr

Thr Val

Met Thr

Ser
Gly
Ser
Thr

Arg

Pro Asp

Val Glu

Ala
Arg
Pro
His

Ala

Val Phe

Leu Ala
Glu
120
Gly

Lys

Gln
135

Ala Glu

150

Ala Pro
165
Ala Asp
180

Lys Pro

195

<210> 37
<211> 600

<212> DNA

Arg
Val

Gly

Asn Leu

Glu Val

Ala

<213> Artificial Sequence

<220>

Leu Ala
10

Ala

Arg
Ala Phe
25
Arg

His Ile

Val Gly Leu
Val
75

Tle

Val Ala

Ala Glu
20

Ala Gln Gln
105
Pro

Ala Trp

Lys Gly Leu

Arg Ala Gly
155
Phe Tyr
170

Glu

Pro

Pro
185

Gly

Thr Arg

Ala Asp
30

Glu Arg

45
Asp Ile
60
Trp Thr

Gly Pro

Gln Met

Asp
Tyr

Val

Gly
Thr
Arg

Glu

gtaattataa
gtaattataa
ttaattataa
ttaattataa
ttaattataa
ttaattataa
caattacctce

ccatttttat

Asp Val
15
Pro Ala

Thr Glu

Lys Val
Glu
80

Ala

Pro

Met
95

Gly Leu

110

Phe Leu
125
Gly Ser
140
Val Pro

Glu Arg

Pro Arg

Ala

Ala

Ala

Leu

Thr

Thr Val

Val Val

Phe Leu
160
Gly Phe
175

Trp Cys

190

<223> puromycin acetyltransferase encoding sequence, synthetic

DK/EP 3684925 T3
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720
780
840

854



<400> 37
atgaccgagt

cgecacecteg
cgccacateg
atcggecaagg
agcgtcgaag
teceoggetgg
cecgegtggt
agegeegteg
gagaccteeg
gacgtegagg
<210> 38

<211> 1031
<212> DNA

acaagcccac
ccgecgegtt
agegggtcac
tgtgggtege
cgggggcggt
ccgegeagea
tectggecac
tgctececgg
cgcccegeaa

tgeccegaagg

ggtgegecte
cgeccgactac
cgagctgecaa
ggacgacgge
gttegecgag
acagatggaa
cgteggegte
agtggaggeg
ccteceette

accgcgcacc

<213> Artificial Sequence

<220>

<223> anti-repressive element40

<400> 38

gatcaagaaa
getgatgage
acttctagee
ccttagatet
cacacccagt
aatactttge
atatggatat
gtcttecatge
tttttgaaac
aggctcacce
atgtgtatta
ctataattte
acaattgtat
tttctggatg
ttgaccacat
ttaacatate
tacgtattta

tacattagat

<210> 39

gecactceggg
agtgagtgtc
agtgtgacga
cccagtetta
aacagttctg
aaccaggtag
gecatettett
gaacttggta
cagtgggtga
acggcatcag
gtggagatgc
ttaagtgett
attcatggaa
gaagacaaac
gaccttaagg
taccategta
acaaaactcc

c

cteccagaagg
ttgagtagtg
gaggetggag
tgeggtgtge
ggatectatgg
agaagtttgg
ttgaaaatgt
tecectgtttee
gaaagacacc
actaaaggca
agectgtgcet
tgaatgtteca
tattttggaa
ttttettett
atacatatag
catagttaca

taaagacaat

gccacccgeg
cccgecacgce
gaactcttce
geegeggtgyg
atecggeccege
ggecctectgg
tegeecgace
geegagegeyg
tacgagegge

tggtgecatga

ageccttecag
ttcagggcag
teaggtetet
ccattegett
gagtagectte
agtgaaggtt
taaagtaaat
atcccagect
tggtcaggaa
aacaaggact
ctgcagacag
agtagaaagt
cggaatacca
taaaataaat
acagtaaact
tttttttgtyg

acatttttat

acgacgtccce
gecacacegt
tecacgegegt
cggtetggace
gcatggecga
cgecegcaceg
accagggcaa
ccggggtgec
teggetteac

ccegeaagec

gecagetttg
catgttacca
agagagttga
tgtgtctgea
cttagtgage
ttgttetteg
tacctctett
tctataacee
cgcggaccac
ctgtataaag
ggagtcacac
ctaacattaa
aaaaatggca
tttattttat
ggttactaca
tgacaggaac

taactatage

cegggecgta
cgacceggac
cgggctcecgac
cacgeeggag
gttgageggt
geccaaggag
gggtctggge
cgecttectyg
cgteacegee

cggtgectga

agcataagcet
ttecatgettyg
gcagctcecag
gteceecctgge
tttecettea
tttettecaca
ttcagatact
agtaacatct
aggacaactce
taccggtgge
agacactttt
atttgattga
atagtggtte
atatttgagg
gtgaagcaaa
agctaaaate

cctecatgatg

DK/EP 3684925 T3
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<211> 1438
<212> DNA

<213> Artificial Sequence

<220>

<223> CMV Promoter - S/MAR sequence

<400> 39
ggcattgatt

catatatgga
acgacccecg
cttteceattg
aagtgtatca
ggcattatge
tagtcatege

ggtttgactce

ggcaccaaaa
tgggeggtag
aggctgagtyg
tgcaaaggca
ctcaggatca
caattcctga
taaaatattg
taaatacttt
atatgtaatt
atatgtaatt
atatgtaatt
atatttaatt
atatttaatt
atatttaatt
tattttaatt
ttgeaaaata
<210> 40

<211> 2038
<212> DNA

attgactagt
gttecegegtt
cceattgacyg
acgtcaatgg
tatgeccaagt
ccagtacatg
tattaccecatg

acggggattt

tcaacgggac
gcgtgtacgg
aaataaagga
gacagtcagt
aagtatgtac
gatcaataac
aattataaaa
aattataaaa
ataaacattt
ataaacattt
ataaacattt
ataaatattt
ataaatattt
ataaatattt
ataaaatatt

ttteeccteca

tattaatagt
acataactta
tecaataatga
gtggagtatt
cegeccacta
accttacggg
gtgatgeggt

ccaagtetca

ttteccaaaat
tgggaggtct
cttgttattt
gaggaagact
aagectttgt
ctegtetttt
tatgtaatta
tatgtaatta
taattataaa
taattataaa
taattataaa
taattataaa
taattataaa
taattataaa
taattataaa

taatttetee

<213> Artificial Sequence

<220>

aatcaattac
cggtaaatgg
cgtatgttece
tacggtaaac
ttgacgtcaa
actttectac
tttggcagta

acceccattga

gtecgtaataa
atataagcag
catctegagg
atgtggcaca
gaatattttt
taatttttte
taaatacttt
taaatacttt
atatgtaatt
atatgtaatt
atatttaatt
atatttaatt
atatttaatt
atatttaatt
aacacaatta

gttteeattt

ggggtcatta
ccagectgge
catagtaacg
tgececcacttg
tgacggtaaa
ttggeagtac
caccaatggg

cgtcaatggg

ceccgeececeg
aggtcttctc
cctaceggag
tgaagacacc
tcetteteac
ctegtetttt
aattataaaa
ataaaatatg
ataaacattt
ataaacattt
ataaacattt
ataaatattt
ataaatactt
ataaatattt
cctcatcttt

ttattetgtt

<223> CMV Promoter - Puromycin - S/MAR sequence

gtteatagee
tgaccgeeca
ccaataggga
gecagtacatce
tggecegect
atctacgtat
cgtggatage

agtttgtttt

ttgacgcaaa
cactcctgge
agecttgect
agaggtgtte
ttggcaaata
taactattta
tatgtaatta
taattataaa
taattataaa
taattataaa
taattataaa
taattataaa
taattataaa
taattataaa
ttaaatattt

acttaaat

DK/EP 3684925 T3
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<400> 40
ggcattgatt

catatatgga
acgacccecg
ctttecattg
aagtgtatca
ggcattatge
tagtcatcge
ggtttgacte
ggcaccaaaa

tgggeggtag

ceacggtgeg
cgttegecga
tcaccgaget
tegeggacga
cggtgttcge
agcaacagat
cecaccgtegyg
ccggagtgga
gcaaccteece
aaggaccgeg
aggctgagtyg
tgcaaaggea
ctcaggatceca
caattectga
taaaatattg
taaatacttt
atatgtaatt
atatgtaatt
atatgtaatt
atatttaatt
atatttaatt
atatttaatt
tattttaatt
ttgcaaaata

<210> 41
<211> 6189

attgactagt
gtteegegtt
ceeattgacg
acgtecaatgg
tatgeccaagt
ccagtacatg
tattaceatg
acggggattt
tcaacgggac

gegtgtacgg

cctegecace
ctaceccagee
gcaagaactce
cggegeegeg
cgagatcgge
ggaaggcctc
cgtetcogeca
ggeggeegag
cttctacgag
cacctggtge
aaataaagga
gacagtcagt
aagtatgtac
gatcaataac
aattataaaa
aattataaaa
ataaacattt
ataaacattt
ataaacattt
ataaatattt
ataaatattt
ataaatattt
ataaaatatt

tttececteca

tattaatagt
acataactta
tcaataatga
gtggagtatt
cegeccccta
accttacggg
gtgatgeggt
ccaagtctec
tttccaaaat

tgggaggtct

cgegacgacg
acgcgccaca
ttectecacge
gtggeggtet
cegegeatgg
ctggecgecge
gaccaccagg
cgcgecgggg
cggetegget
atgacccgea
cttgttattt
gaggaagact
aagectttgt
ctcegtetttt
tatgtaatta
tatgtaatta
taattataaa
taattataaa
taattataaa
taattataaa
taattataaa
taattataaa
taattataaa

taatttetee

aatcaattac
cggtaaatgyg
cgtatgttee
tacggtaaac
ttgacgtcaa
actttcectac
tttggcagta
accccattga

gtegtaataa

atataagcag

tecceecggge
cegt.ecgacece
gcegteggget
ggaccacgece
cegagttgag
accggcccaa
gcaagggtcet
tgecegeett
tcacecgteac
agececcggtge
catectegagg
atgtggcaca
gaatattttt
taatttttte
taaatacttt
taaatacttt
atatgtaatt
atatgtaatt
atatttaatt
atatttaatt
atatttaatt
atatttaatt
aacacaatta

gttteccattt

ggggtcatta
ccegectgge
catagtaacyg
tgeccacttg
tgacggtaaa
ttggecagtac
caccaatggg
cgtcaatggg
ccecegececg

aggtatgace

cgtacgceace
ggaccgecac
cgacategge
ggagagegte
cggttececgyg
ggagcccgeg
gggcagegec
cctggagace
cgccgacgte
ctgacttete
cectaccggag
tgaagacacc
tecttetecac
ctegtetttt
aattataaaa
ataaaatatg
ataaacattt
ataaacattt
ataaacattt
ataaatattt
ataaatactt
ataaatattt
ccteatettt

ttattctgtt

gttcatagee
tgaccgececa
ccaataggga
gcagtacate
tggecegect
atctacgtat
cgtggatage
agtttgtttt
ttgacgcaaa

gagtacaagce

ctegecgeag
atcgageggg
aaggtgtggg
gaagceggggy
ctggecgege
tggttectgg
gtecgtgetee
tecgegeecce
gaggtgeecg
cactecetgge
agccttgect
agaggtgtte
ttggcaaata
taactattta
tatgtaatta
taattataaa
taattataaa
taattataaa
taattataaa
taattataaa
taattataaa
taattataaa
ttaaatattt

acttaaat
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<212> DNA

<213> Artificial Sequence

<220>

<223> Element40-GPF-P2A-Puromycin-S/MAR

<400> 41

ggcattgatt attgactagt tattaatagt aatcaattac ggggtcatta gttcecatagee

catatatgga gttcegegtt acataactta cggtaaatgg cecgectgge tgaccgecca

acgacccceg
ctttecattg
aagtgtatca
ggcattatge
tagteatcge
ggtttgacte
ggcaccaaaa
tgggeggtag
agatcactag
ctecgactgat
ctgggettgt
gacatccact
accatgecceg
gagctggtgg
agcaccaaag
ttctaccact
aacggagget
agettcaget
ggetteceeg
gagcacctgce
ctgegegacg
atcecacccca
ctgeacagea
geettogeca
gtggaggaaa
gacgacgtce
cgeccacaceg
ctecacgegeyg
geggtetgga
cgeatggecg

gegecgcace

cacattgacg
acgtcaatgg
tatgeccaagt
ccagtacatg
tattaceatg
acggggattt
tcaacgggac
gegtgtacgg
tagectttatt
cacaggtaag
cgagacagag
ttgecetttetr
ccatgaagat
gcggeggaga
gegeectgac
teggecacceta
acaccaacanc
accgcectacga
aggacagegt
accccatggg
geggetacta
gecatectgea
acacegaget
gatctggeag
acecctgggece
cecgggecgt
tegacecegga
tegggetega
ccacgcogga
agttgagegg

ggcccaagga

tcaataatga
gtggagtatt
ccgeecccecta
accttacggg
gtgatgeggt
ccaagtctec
tttccaaaat
tgggaggtet
geggtagttt
tatcaaggtt
aagattcttg
ctccacaggg
cgagtgecge
gggcaccecec
cttecagecee
ccccagegge
cegeategag
ggccggeege
gatcttcace
cgataacgtg
cagettegtg
gaacggggge
gggeategtg
cggegecace
catgaccgag
acgcacccte
ccgecacate
catcggeaaqg
gagcgtcgaa
tteceggetg

gecegegtgg

cgtatgttee
tacggtaaac
ttgacgtcaa
actttectac
tttggecagta
accccattga
gtcgtaataa
atataagcag
atcacagtta
acaagacagg
cgtttetgat
gtaccgaagce
atcaceggea
gagecagggec
tacctgetga
tacgagaace
aagtacgagg
gtgateggeg
gacaagatca
ctggtgggea
gtggacagcece
ccecatgtteg
gagtaccage
aacttecagece
tacaagececa
gcegecgegt
gagegggtca
gtgtgggteg
gcgggggcgg
geegagcagce

tteetggeca

catagtaacy
tgccecacttg
tgacggtaaa
ttggcagtac
caccaatggg
cgtcaatggg
ceccegceoeeg
aggtegttta
aattgectaac
tttaaggagyg
aggcacctat
cgcectageget
cectgaacgyg
gcatgaccaa
gecacgtgat
ccttcctgea
acggaeggegt
acttcaaggt
tecgeageaa
gettegeceg
acatgcactt
cettecgeeg
acgeettecaa
tgctgaagca
cggtgegect
tegecgacta
ccegagetgea
cggacgacgyg
tgttegecga
aacagatgga

cegteggegt

ccaataggga
gcagtacate
tggeecgect
atctacgtat
cgtggatage
agtttgtttt
ttgacgcaaa
gtgaaccgte
gcagtcagtg
ccaatagaaa
tggtcttact
accggtcgee
cgtggagtte
caagatgaag
gggctacgge
cgeccatcaac
gctgeacgtg
ggtgggcace
cgeccacegtyg
caccttcage
caagagcgee
cgtggaggag
gaceceeeate
ggcceggegac
cgeccaccege
ceoeccgecacy
agaactctte
cgecgeggtg
gatcggeceeg
aggectectg

ctegeeagac
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caccagggea

gceggggtge
ctecggettea
acccogeaage
aggtaagtat
taaaggactt
agtecagtgag
tatgtacaag
caataaccte
tataaaatat
tataaaatat
aacattttaa
aacattttaa
aacattttaa
aatattttaa
aatattttaa
aatattttaa
aaatatttaa
ccctecataa
ggttactgac
atccaccgga
tgctttaaaa
tgttgttaac
tttcacaaat
tgtatecttac
gctggegttt
tcagaggtgg
cctegtgege
ttecgggaage
cgttegetee
atcecggtaac

agccactggt

gtggtggecet
gccagttace
tagceggtggt
agatecetttg

gattttggte

agggtctggg cagegecgte gtgetccecg gagtggagge ggecgagege

cegecttect
cegtcacege
cecggtgoctg
caaggttaca
gttatttecat
gaagactatg
cetttgtgaa
gtetttttaa
gtaattataa
gtaattataa
ttataaaata
ttataaaata
ttataaaata
ttataaaata
ttataaaata
ttataaaata
ttataaaaac
tttctcegtt
atccactttg
tetagataac
aacctcccac
ttgtttattg
aaagecatttt
atgtgagcaa
ttecatagge
cgaaacccga
tetectgtte
gtggcgettt
aagctggget
tatcgtettg

aacaggatta

aactacgget
ttecggaaaaa
ttttttgttt
atctttteta

atgecegtete

ggagacctee
cgacgtcgag
aagatctatg
agacaggtcg
ctegaggect
tggecacatga
tattttttee
ttttttecte
atactttaat
atactttata
tgtaattata
tgtaattata
tttaattata
tttaattata
tttaattata
tttaattata
acaattacct
tececattttta
cetttetete
tgatcataat
acctcccect
cagettataa
ttteactgea
aaggccagca
tecgaccaeoe
caggactata
cgaccetgece
cteatagete
gtgtgcacga
agtccaacce

gcagagcgag

gegececgea acectececett ctacgagegg

gtgececegaag
catgcagaag
acttctecac
accggagage
agacaccaga
ttetcacttg
gtetttttaa
tataaaatat
aaatatgtaa
aacattttaa
aacattttaa
aacattttaa
aatattttaa
aatactttaa
aatattttaa
catettttta
ttctgttact
cacaggtgte
cagecatace
gaacctgaaa
tggttacaaa
ttctagttgt
aaaggccagg
tgacgageat
aagataccag
gettacggga
acgetgtagg
accecccegtt
ggtaagacac

gtatgtagge

gaccgegeac
ttggtegtga
teectggeagg
cttgecttge
ggtgttecctce
gcaaatacaa
ctatttataa
gtaattataa
ttataaaata
ttataaaata
ttataaaata
ttataaaata
ttataaaata
ttataaaata
ttataaatat
aatatttttg
taaataattc
cactctaceg
acatttgtag
cataaaatga
taaagcaata
ggtttgteca
aaccgtaaaa
cacaaaaatce
gegttteecce
tacctgtecyg
tatcteagtt
cagcacgacce
gacttatege

ggtgctacag

ctggtgeatg
ggcactggge
ctgagtgaaa
aaaggcagac
aggatcaaag
ttectgagat
aatattgaat
atactttaat
tgtaattata
tgtaattata
tgtaattata
tttaattata
tttaattata
tttaattata
tttaattata
caaaatattt
tgcagtcgac
cgggeccggg
aggttttact
atgcaattgt
geatcacaaa
aactcatcaa
aggcecgegtt
gacgetcaag
ctggaagete
cetttetece
cggtgtaggt
getgegeett
cactggceage

agttettgaa

acactagaag aacagtattt ggtatctgeg ctetgetgaa

gagttggtag ctcttgatce ggcaaacaaa ccaccgetgg

gcaagecagea gattacgege agaaaaaaag gatctcaaga

cggggtetga cgetcagtgg aacgaaaact cacgttaagg

agaagaacte gtcaagaagg cgatagaagg cgatgcgetg
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cgaatcggga
ctecttecagea
ceggecacag
ggecatageca
gaacagtteg
accggettee
gcaggtagece
cteggeagga
ccagtcectt
ggccagccac
ggtcttgaca
gcageagatt
agaacctgeqg
cgtetegtee
ggttatatag
aatatgtaca
getttgagea
ttaccattea
agttgagcag
tetgeagtee
gtgagcttte
tettegttte
tetettttea
taacccagta
gaccacagga
ataaagtace

tcacacagac

cattaaattt
atggcaatag
ttttatatat
actacagtga
aggaacagct
tatageeccete

cgeecatgtt

geggegatac
atatcacqggyg
tcgatgaate
tgggtcacga
gctggegega
atccgagtac
ggatcaagcg
gcaaggtgag
cccgettcag
gatagcegeg
aaaagaaccg
gtetgttgtg
tgcaateccat
cggtctecte
cataaatcaa
aagcttgate
taagctgetg
tgettgactt
ctccageett
cetggecaca
cettcaaata
ttcacaatat
gatactgtct
acatcttttt
caactcagge
ggtggeatgt

acttttetat

gattgaacaa
tggttettte
ttgaggttga
agcaaattaa
aaaatctacg

atgatgtaca

cgtaaagcac
tagccaacge
cagaaaagcg
cgagatccte
gececeectgatg
gtgctetecte
tatgecagceg
atgacaggag
tgacaacgtc
ctgectegte
ggegecccetg
cocagteata
cttgttcaat
ccatgecatgt
tattggctat
aagaaagcac
atgagcagtg
ctagecagtg
agatctccca
cccagtaaca
ctttgecaace
ggatatgecat
tecatgegaac
tgaaaccagt
tcacecacgg
gtattagtgg

aatttcttaa

gaggaagcgg
tatgtcectga
gecattttece
gcegteggge
ctettegtee
gatgcgatgt
cegeattgea
atectgeccee
gagtacagct
ttgcagttca
cgctgacagce
gecgaatage
cataatatta
caatattgge
tggecattge
teegggetece
agtgtcttga
tgacgagagg
gtcttatgeg
gttetgggat
aggtagagaa
cttettttga
ttggtatcct
gggtgagaaa
catcagacta
agatgecagcee

gtgctttgaa

tcagececatt
tageggtecg
accatgatat
atgctegect
agatcatcct
ttegettggt
tcagecatga
ggcacttege
gcgcaaggaa
ttcagggcac
cggaacacgg
ctetocacea
ttgaagcatt
cattagccat
atacgttgta
agaaggagee
gtagtgttca
ctggagtecag
gtgtgccecat
ctatgggagt
gtttggagtg
aaatgttaaa
gtttecatcee
gacacctggt
aaggcaaaca
tgtgetctge

tgttcaagta

cgeccgecaag
cecacacccag
teggeaagea
tgagecctgge
gatecgacaag
ggtcgaatgg
tggatacttt
ccaatagcag
cgccegtegt
cggacaggte
cggcatcaga
aagceggecgg
tatcagggtt
attattcatt
teotatatcat
ttecaggeca
gggecagcatg
gtetetagag
tegetttgtg
agcettectta
aaggttttgt
gtaaattace
cagcecectteta
caggaacgcyg
aggactctgt
agacagggag

gaaagtctaa

ttgtatatte
tggatggaag
ccacatgacc
catatctacc
tatttaacaa

ttagatctgt

atggaatatt
acaaactttt
ttaaggatac
atcgtacata
aactcctaaa

acatttatat

ttggaacgga
cttctttaaa
atatagacag
gttacatttt
gacaatacat

tggctecatgt

ataccaaaaa
ataaatttta
taaactggtt
tttgtgtgac
ttttattaac

ccaatatgac
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KRAV

1. En /n vitro fremgangsmade til forbedring af ekspressionen og etableringseffektiviteten af en
selvreplikerende ikke-integrativ episomal S/MAR-ekspressionsvektor i en targetcelle hos et hvirveldyr
omfattende fglgende trin:

a. tilvejebringelse af en episomal S/MAR-ekspressionsvektor omfattende:

i. en bakteriel replikations-selektionsregion omfattende en bakteriel replikations-

oprindelse og en selekterbar markgr;

ii. en transkriptionsenhed til ekspression af et transgen i en hvirveldyrcelle, omfattende
en promotor, en 5' UTR, et transgen og en 3' UTR;

ii. en S/MAR-insert placeret inden i naevnte 3' UTR; og

b. modifikation af den episomale S/MAR-ekspressionsvektor, sdledes at S/MAR'en flankeres af
et 5'-splejsningsdonorsted og et 3'-splejsningsacceptorsted i naevnte 3'-UTR, hvorved den
resulterende selvreplikerende ikke-integrative episomale S/MAR-ekspressionsvektor har
forbedret ekspression og etableringseffektivitet efter transfektion af en hvirveldyrcelle.

2. Fremgangsmdde ifglge krav 1, hvor S/MAR-inserten indeholder interne AATAAA-

transkriptionstermineringsmotiver.

3. Fremgangsmade ifglge krav 2, hvor AATAAA-transkriptionstermineringsmotiverne i S/MAR
erstattes med AATATT-motiver.

4. Fremgangsmade ifglge krav 1, hvor S/MAR’en er valgt fra gruppen bestdende af human Interferon
beta S/MAR, M18 S/MAR, Apolipoprotein B S/MAR.

5. Fremgangsmade ifglge krav 1, hvor SMAR’en flankeret af et 5'-splejsningsdonorsted og et 3'-
splejsningsacceptorsted har mindst 95 % sekvensidentitet med en sekvens valgt fra gruppen
bestdende af SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 22 og SEQ ID NO: 23.

6. Fremgangsmade ifglge krav 1, hvor den bakterielle replikationsoprindelse er et R6K gamma-
replikationsoprindelse.
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7. Fremgangsmade ifglge krav 1, hvor den selekterbare markgr er en RNA-IN regulerende RNA-OUT
funktionel variant med mindst 95 % sekvensidentitet med en sekvens valgt fra gruppen bestdende
af SEQ ID NO: 5 og SEQ ID NO: 7.

8. Fremgangsmade ifglge krav 1, hvor den selvreplikerende ikke-integrative episomale S/MAR-
ekspressionsvektor er valgt fra gruppen bestdende af plasmidvektor, Nanoplasmidvektor,
Integrationsdeficient Lentivirusvektor og Ikke-integrerende lentivirale vektorer.

9. Et polynukleotid omfattende mindst én promotor og et S/MAR-element, hvor S/MAR-elementet er
placeret nedstrgms for promotoren, og hvor nukleinsyresekvensen af naevnte S/MAR-element
(S/MAR-sekvens) omfatter mindst 3 sekvensmotiver ATTA pr. 100 nukleotider over en streekning pd
hgjst 200 nuklectider, hvor S/MAR-elementet er flankeret af en splejsningsdonor og en
splejsningsacceptor, og hvor polynukleotidet yderligere omfatter en R6K gamma-
replikationsoprindelse med mindst 95 % sekvensidentitet med en sekvens valgt fra gruppen
bestdende af SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3 og SEQ ID NO: 4.

10. Polynuklectid ifglge krav 9, hvor promotoren er omfattet af en transkriptionsenhed til ekspression
af et cargo-polypeptid og/eller en selekterbar markar i en veertscelle.

11. Polynukleotid ifglge krav 10, hvor transkriptionsenheden omfatter en promotor, en 5' UTR, et
transgen og en 3' UTR.

12. Polynukleotid ifzlge krav 11, hvor S/MAR er lokaliseret i 3' UTR.

13. Et kovalent lukket cirkulaert rekombinant DNA-molekyle, der omfatter:

a. en transkriptionsenhed til ekspression af et transgen i en hvirveldyrcelle, omfattende en
promotor, en 5' UTR, et transgen og en 3' UTR;

b. en S/MAR placeret inden i naevnte 3' UTR, hvor naevnte S/MAR er flankeret af et 5'
splejsningsdonorsted og et 3' splejsningsacceptorsted;

¢. en R6K gamma-replikationsoprindelse med mindst 95 % sekvensidentitet med en sekvens
valgt fra gruppen bestdende af SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3 og SEQ ID NO:
4; og

d. et RNA-OUT RNA selekterbar markgr omfattende en RNA-IN regulerende RNA-OUT
funktionel variant med mindst 95 % sekvensidentitet med en sekvens valgt fra gruppen
bestdende af SEQ ID NO: 5 og SEQ ID NO: 7.
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14. Polynukleotid ifalge et hvilket som helst af kravene 9 til 12 eller det rekombinante DNA-molekyle
ifglge krav 13, hvor S/MAR er valgt fra gruppen bestdende af human Interferon beta S/MAR, M18
S/MAR, Apolipoprotein B S/MAR.

15. Polynuklectid ifglge et hvilket som helst af kravene 9 til 12 eller det rekombinante DNA-molekyle
ifglge krav 13, hvor SMAR‘en flankeret af et 5'-splejsningsdonorsted og et 3'-splejsningsacceptorsted
har mindst 95 % sekvensidentitet med en sekvens valgt fra gruppe bestdende af SEQ ID NO: 19,
SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 22 og SEQ ID NO: 23.
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