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EXPRESSION VECTORS, BACTERIAL SEQUENCE-FREE VECTORS, AND
METHODS OF MAKING AND USING THE SAME

REFERENCE TO SEQUENCE LISTING
SUBMITTED ELECTRONICALLY VIA EFS-WEB

[0001] The content of the electronically submitted sequence listing (Name:
4471 007PCO03_Seqlisting ST25.txt; Size: 216,898 Bytes; and Date of Creation: June 15,

2022) is herein incorporated by reference in its entirety.

FIELD OF DISCLOSURE

[0002] The present disclosure provides expression vectors, bacterial sequence-free
vectors, vector production systems for making the bacterial sequence-free vectors, and

uses thereof.

BACKGROUND
[0003] Gene therapy has significant therapeutic promise, but challenges remain in
realizing its potential.
[0004] Most clinical trials have utilized viral delivery systems, such as adenoviral

vectors, lentiviral vectors, and adeno-associated viral vectors. While progress has been
made, viral systems vary in transduction and transgene expression efficiencies and
concerns remain regarding undesirable effects such as inflammatory and immune
responses or insertional mutagenesis. Moreover, production, purification, and storage of
viral vectors is often costly, highly variable, and inefficient. See, e.g., Lingelbach, D,
Drug Development & Delivery 20(5): 50-54 (2020); Wright, J.F., Gene Therapy 15:840-
848 (2008).

[0005] Nonviral vectors also have been investigated as gene therapy delivery systems.
While safer than their viral counterparts, the effectiveness of nonviral vectors can be
limited, for example, by low transgene expression levels and durability of expression.
See, e.g., Kay, M., Nature Reviews Genetics 12: 316-328 (2011).

[0006] There is a need for improved vectors such as those described herein.
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BRIEF SUMMARY

[0007] The present disclosure is directed to an expression vector comprising: (a) a
backbone sequence, (b) a sequence comprising: (i) an expression cassette comprising a
nucleic acid sequence of interest, (ii) a first target sequence for a first recombinase
flanking the 5' side of the expression cassette, (iii) a second target sequence for the first
recombinase flanking the 3' side of the expression cassette, and (iv) one or more
additional target sequences for one or more additional recombinases integrated within the
first and second target sequences in non-binding regions for the first recombinase, and (c)
one or more of: (i) an endonuclease target sequence integrated within the first and/or
second target sequences for the first recombinase in non-binding regions for the first
recombinase and the one or more additional recombinases, wherein the endonuclease
target sequence is between the backbone sequence and cleavage sites for the first
recombinase and the one or more additional recombinases, (i) a synthetic enhancer
comprising a nucleic acid sequence at least about 90% identical to SEQ ID NO:12
integrated between the 3' end of the first target sequence for the first recombinase and the
5" end of another enhancer or a promoter in the expression cassette, (iii) a
cytomegalovirus (CMV) enhancer integrated between the 3' end of the first target
sequence for the first recombinase and the 5' end of a promoter in the expression cassette,
(iv) a 5' untranslated region (5'UTR) comprising an intron, wherein the S'UTR is
integrated in the expression cassette between a promoter and the nucleic acid sequence of
interest, (v) a vertebrate chromatin insulator integrated in the expression cassette between
the nucleic acid of interest and a polyadenylation signal, (vi) a woodchuck hepatitis virus
post-transcriptional regulatory element (WPRE) integrated in the expression cassette
between the nucleic acid of interest and a polyadenylation signal, (vii) a scaffold/matrix
attachment region (S/MAR) integrated in the expression cassette between the nucleic acid
of interest and a polyadenylation signal, or (viii) a DNA nuclear targeting sequence
(DTS) integrated within the first and/or second target sequences for the first recombinase
in non-binding regions for the first recombinase and the one or more additional
recombinases, wherein the DTS is between the expression cassette and cleavage sites for
the first recombinase and the one or more additional recombinases.

[0008] In some aspects, the expression vector comprises an endonuclease target sequence

integrated within the first and/or second target sequences for the first recombinase in non-
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binding regions for the first recombinase and the one or more additional recombinases,
wherein the endonuclease target sequence is between the backbone sequence and
cleavage sites for the first recombinase and the one or more additional recombinases. In
some aspects, the endonuclease target sequence is integrated within the first and second
target sequences for the first recombinase. In some aspects, the endonuclease target
sequence is for a homing endonuclease. In some aspects, the endonuclease target
sequence is for I-Anil, I-Ceul, I-Chul, I-Cpal, I-Cpall, I-Crel, I-Dmol, H-Drel, I-Hmul, I-
Hmull, I-Llal, I-Msol, PI-Pful, PI-Pkoll, I-Porl, I-Ppol, PI-Pspl, I-Scal, I-Scel, PI-Scel,
I-Scell, I-Seclll, I-ScelV, I-SceV, I-SceVI, I-SceVII, I-Ssp68031, I-Tevl, I-Tevll, I-
TevlIll, PI-Tlil, PI-TIIL, I-Tsp0611, or I-Vdi1411. In some aspects, the endonuclease
target sequence is for I-Scel. In some aspects, the endonuclease target sequence is for PI-
Scel. In some aspects, the endonuclease target sequence is for a Cas endonuclease. In
some aspects, the Cas endonuclease is Cas9.

[0009] In some aspects, the expression vector comprises a synthetic enhancer comprising
a nucleic acid sequence at least about 90% identical to SEQ ID NO:12 integrated between
the 3' end of the first target sequence for the first recombinase and the 5' end of another
enhancer or a promoter in the expression cassette. In some aspects, the synthetic enhancer
comprises multiple contiguous copies of a nucleic acid sequence at least about 90%
identical to SEQ ID NO:12. In some aspects, the synthetic enhancer comprises a nucleic
acid sequence at least about 90% identical to SEQ ID NO:46. In some aspects, the
synthetic enhancer is integrated at the 5' end of a chicken B-actin promoter. In some
aspects, a chimeric intron comprising a nucleic acid sequence at least about 90% identical
to SEQ ID NO:47 is integrated at the 3' end of the chicken B-actin promoter and 5' to the
nucleic acid sequence of interest.

[0010] In some aspects, the expression vector comprises a CMV enhancer integrated
between the 3' end of the first target sequence for the first recombinase and the 5' end of a
promoter in the expression cassette. In some aspects, the CMV enhancer is integrated at
the 3' end of a synthetic enhancer comprising a nucleic acid sequence at least about 90%
identical to SEQ ID NO:12 or SEQ ID NO:46. In some aspects, a CMV promoter is
integrated at the 3' end of the CMV enhancer and 5' to the nucleic acid sequence of

interest.
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In some aspects, the expression vector comprises a nucleic acid sequence at least
about 90% identical to SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38,
or SEQ ID NO:39 integrated between the first target sequence for the first recombinase
and the nucleic acid sequence of interest.

In some aspects, the expression vector comprises a S'UTR comprising an intron,
wherein the 5'UTR is integrated in the expression cassette between a promoter and the
nucleic acid sequence of interest. In some aspects, the intron comprises a nucleic acid
sequence at least about 90% identical to SEQ ID NO:1. In some aspects, the SSTUTR
further comprises a non-coding sequence integrated within the intron. In some aspects,
the 5S'UTR comprises a non-coding sequence integrated between two of the nucleotides in
the intron corresponding to any two nucleotides from positions 25 to 55 of SEQ ID NO:1.
In some aspects, the non-coding sequence is an S/MAR. In some aspects, the S/MAR is
MAR-5. In some aspects, the 5'UTR comprises a nucleic acid sequence at least about
90% identical SEQ ID NO:3. In some aspects, the S'UTR comprises a nucleic acid
sequence at least about 90% identical SEQ ID NO:5. In some aspects, the promoter is a
chicken B-actin promoter. In some aspects, the promoter is a CMV promoter. In some
aspects, the promoter is integrated at the 3' end of a CMV enhancer. In some aspects, the
CMV enhancer is integrated at the 3' end of a synthetic enhancer comprising a nucleic
acid sequence at least about 90% identical to SEQ ID NO:12 or SEQ ID NO:46.

In some aspects, the expression vector comprises a polyadenylation signal that is
integrated at the 3' end of the nucleic acid sequence of interest. In some aspects, the
polyadenylation signal comprises a nucleic acid sequence at least about 90% identical to
SEQ ID NO:13, SEQ ID NO:14, or SEQ ID NO:15.

In some aspects, the expression vector comprises a vertebrate chromatin insulator
integrated in the expression cassette between the nucleic acid of interest and a
polyadenylation signal. In some aspects, the vertebrate chromatin insulator is 5'-HS4
chicken-B-globin insulator (cHS4). In some aspects, the polyadenylation signal comprises
a nucleic acid sequence at least about 90% identical to SEQ ID NO:13, SEQ ID NO:14,
or SEQ ID NO:15.

In some aspects, the expression vector comprises a WPRE integrated in the

expression cassette between the nucleic acid of interest and a polyadenylation signal. In
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some aspects, the polyadenylation signal comprises a nucleic acid sequence at least about
90% identical to SEQ ID NO:13, SEQ ID NO:14, or SEQ ID NO:15.

[0016] In some aspects, the expression vector comprises a S/MAR integrated in the
expression cassette between the nucleic acid of interest and a polyadenylation signal. In
some aspects, the S/MAR is MAR-5. In some aspects, the polyadenylation signal
comprises a nucleic acid sequence at least about 90% identical to SEQ ID NO:13, SEQ
ID NO:14, or SEQ ID NO:15.

[0017] In some aspects, the expression vector comprises an enhancer sequence flanking
each side of the first and second target sequences for the first recombinase. In some
aspects, the expression vector comprises at least two enhancer sequences flanking each
side of the first and second target sequences for the first recombinase. In some aspects,
the enhancer sequence is a SV40 enhancer sequence.

[0018] In some aspects, the expression vector comprises a DTS integrated within the first
and/or second target sequences for the first recombinase in non-binding regions for the
first recombinase and the one or more additional recombinases, wherein the DTS is
between the expression cassette and cleavage sites for the first recombinase and the one
or more additional recombinases. In some aspects, the DTS is a SV40 enhancer sequence.
In some aspects, the DTS is cell-specific.

[0019] In some aspects, the first and second target sequences and the one or more
additional target sequences are selected from the group consisting of the PY54 pal site,
the N15 telRL site, the loxP site, K02 telRL site, the FRT site, the phiC31 attP site, and
the A attP site. In some aspects, the expression vector comprises each of the target
sequences. In some aspects, the expression vector comprises the pal site and the telRL,
loxP, and FRT recombinase target binding sequences integrated within the pal site. In
some aspects, the first and second target sequences for the first recombinase each
comprise the nucleic acid sequence of SEQ ID NO:33.

[0020] In some aspects, the expression vector is for producing a bacterial sequence-free
vector. In some aspects, the bacterial sequence-free vector is a circular covalently closed
vector. In some aspects, the bacterial sequence-free vector is a linear covalently closed
vector.

[0021] The present disclosure is directed to a vector production system comprising

recombinant cells encoding a recombinase under the control of an inducible promoter,
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wherein the recombinant cells comprise any of the above expression vectors, and wherein
the recombinase targets the first and second target sequences for the first recombinase or
one of the one or more additional target sequences for the one or more additional
recombinases in the expression vector. In some aspects, the recombinase is TelN, Tel,
Cre, or Flp.

[0022] In some aspects, the recombinant cells further encode an endonuclease under the
control of an inducible promoter, wherein the endonuclease targets the endonuclease
target sequence in an expression vector comprising the endonuclease target sequence. In
some aspects, the endonuclease is a homing endonuclease. In some aspects, the homing
endonuclease is [-Anil, I-Ceul, I-Chul, I-Cpal, I-Cpall, I-Crel, I-Dmol, H-Drel, I-Hmul,
[-Hmull, I-Llal, I-Msol, PI-Pful, PI-Pkoll, I-PorI, I-Ppol, PI-Pspl, I-Scal, I-Scel, PI-Scel,
I-Scell, I-Seclll, I-ScelV, I-SceV, I-SceVI, I-SceVII, I-Ssp68031, I-Tevl, I-Tevll, I-
TevIIl, PI-THI, PI-TIIL, I-Tsp0611, or I-Vdi1411. In some aspects, the endonuclease is I-
Scel. In some aspects, the endonuclease is PI-Scel. In some aspects, the recombinant cells
encode a nuclease genome editing system comprising the endonuclease. In some aspects,
the nuclease genome editing system is a clustered regularly interspaced short palindromic
repeats (CRISPR) nuclease system comprising a guide RNA and a Cas endonuclease. In
some aspects, the Cas endonuclease is Cas9. In some aspects, the inducible promoter is
thermally-regulated, chemically-regulated, IPTG regulated, glucose-regulated, arabinose
inducible, T7 polymerase regulated, cold-shock inducible, pH inducible, or combinations
thereof.

[0023] The present disclosure is directed to a method of producing a bacterial sequence-
free vector comprising incubating any of the above vector production systems under
suitable conditions for expression of the recombinase. In some aspects, the method further
comprises incubating any of the above vector production systems that encode an
endonuclease under suitable conditions for expression of the endonuclease. In some
aspects, the method further comprises incubating any of the above vector production
systems that encode a nuclease genome editing system under suitable conditions for
expression of the nuclease genome editing system. In some aspects, the method further
comprises harvesting the bacterial sequence-free vector.

[0024] The present disclosure is directed to a bacterial sequence-free vector produced by

any of the above methods of producing a bacterial sequence-free vector.
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[0025] The present disclosure is directed to a bacterial sequence-free vector comprising:
(a) an expression cassette comprising a nucleic acid sequence of interest, and (b) one or
more of: (i) a synthetic enhancer comprising a nucleic acid sequence at least about 90%
identical to SEQ ID NO:12 located 5' to another enhancer or a promoter in the expression
cassette, (i) a CMV enhancer located 5' to a promoter in the expression cassette, (iii) a
5'UTR comprising an intron, wherein the S'UTR is integrated in the expression cassette
between a promoter and the nucleic acid sequence of interest, (iv) a vertebrate chromatin
insulator integrated in the expression cassette between the nucleic acid of interest and a
polyadenylation signal, (v) a WPRE integrated in the expression cassette between the
nucleic acid of interest and a polyadenylation signal, (vi) a S/MAR integrated in the
expression cassette between the nucleic acid of interest and a polyadenylation signal, or
(vii) a DTS located 5' to the expression cassette.

[0026] In some aspects, the bacterial sequence-free vector comprises a synthetic enhancer
comprising a nucleic acid sequence at least about 90% identical to SEQ ID NO:12 located
5' to another enhancer or a promoter in the expression cassette. In some aspects, the
synthetic enhancer comprises multiple contiguous copies of a nucleic acid sequence at
least about 90% identical to SEQ ID NO:12 In some aspects, the synthetic enhancer
comprises a nucleic acid sequence at least about 90% identical to SEQ ID NO:46. In
some aspects, the synthetic enhancer is integrated at the 5' end of a chicken B-actin
promoter. In some aspects, a chimeric intron comprising a nucleic acid sequence at least
about 90% identical to SEQ ID NO:47 is integrated at the 3' end of the chicken p-actin
promoter and 5' to the nucleic acid sequence of interest.

[0027] In some aspects, the bacterial sequence-free vector comprises a CMV enhancer
located 5' to a promoter in the expression cassette. In some aspects, the CMV enhancer is
integrated at the 3' end of a synthetic enhancer comprising a nucleic acid sequence at least
about 90% identical to SEQ ID NO:12 or SEQ ID NO:46. In some aspects, a CMV
promoter is integrated at the 3' end of the CMV enhancer and 5' to the nucleic acid
sequence of interest.

[0028] In some aspects, the bacterial sequence-free vector comprises a nucleic acid
sequence at least about 90% identical to SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37,
SEQ ID NO:38, or SEQ ID NO:39 located 5' to the nucleic acid sequence of interest.
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In some aspects, the bacterial sequence-free vector comprises a 5'UTR comprising
an intron, wherein the 5'UTR is integrated in the expression cassette between a promoter
and the nucleic acid sequence of interest. In some aspects, the intron comprises a nucleic
acid sequence at least about 90% identical to SEQ ID NO:1. In some aspects, the SS'UTR
further comprises a non-coding sequence integrated within the intron. In some aspects,
the S'UTR further comprises a non-coding sequence integrated between two of the
nucleotides in the intron corresponding to any two nucleotides from nucleotide positions
25 and 55 of SEQ ID NO:1. In some aspects, the non-coding sequence is an S/MAR. In
some aspects, the S/MAR is MAR-5. In some aspects, the S'UTR comprises a nucleic
acid sequence at least about 90% identical SEQ ID NO:3. In some aspects, the 5UTR
comprises a nucleic acid sequence at least about 90% identical SEQ ID NO:5. In some
aspects, the promoter is a chicken B-actin promoter. In some aspects, the promoter is a
CMYV promoter. In some aspects, the promoter is integrated at the 3' end of a CMV
enhancer. In some aspects, the CMV enhancer is integrated at the 3' end of a synthetic
enhancer comprising a nucleic acid sequence at least about 90% identical to SEQ ID
NO:12 or SEQ ID NO:46.

In some aspects, the bacterial sequence-free vector comprises a polyadenylation
signal that is integrated at the 3' end of the nucleic acid sequence of interest. In some
aspects, the polyadenylation signal comprises a nucleic acid sequence at least about 90%
identical to SEQ ID NO:13, SEQ ID NO:14, or SEQ ID NO:15.

In some aspects, the bacterial sequence-free vector comprises a vertebrate
chromatin insulator integrated in the expression cassette between the nucleic acid of
interest and a polyadenylation signal. In some aspects, the vertebrate chromatin insulator
is cHS4. In some aspects, the polyadenylation signal comprises a nucleic acid sequence at
least about 90% identical to SEQ ID NO:13, SEQ ID NO:14, or SEQ ID NO:15.

In some aspects, the bacterial sequence-free vector comprises a WPRE integrated
in the expression cassette between the nucleic acid of interest and a polyadenylation
signal. In some aspects, the polyadenylation signal comprises a nucleic acid sequence at
least about 90% identical to SEQ ID NO:13, SEQ ID NO:14, or SEQ ID NO:15.

In some aspects, the bacterial sequence-free vector comprises a S/MAR integrated
in the expression cassette between the nucleic acid of interest and a polyadenylation

signal. In some aspects, the S/MAR is MAR-5.
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[0034] In some aspects, the bacterial sequence-free vector comprises an enhancer
sequence flanking each side of the expression cassette. In some aspects, the bacterial
sequence-free vector comprises at least two enhancer sequences flanking each side of the
expression cassette. In some aspects, the enhancer sequence is a SV40 enhancer
sequence.

[0035] In some aspects, the bacterial sequence-free vector comprises a DTS located 5' to
the expression cassette. In some aspects, the DTS is a SV40 enhancer sequence. In some
aspects, the DTS is cell-specific.

[0036] In some aspects, the bacterial sequence-free vector is a circular covalently closed
vector.

[0037] In some aspects, the bacterial sequence-free vector is a linear covalently closed
vector.

[0038] The present disclosure is directed to a recombinant cell comprising any of the
above expression vectors or any of the above bacterial sequence-free vectors.

[0039] The present disclosure is directed to a composition comprising any of the above
expression vectors or any of the above bacterial sequence-free vectors. In some aspects,
the composition further comprises a delivery agent. In some aspects, the delivery agent is
a nanoparticle. In some aspects, the delivery agent comprises a targeting ligand. In some
aspects, the composition is a pharmaceutical composition further comprising a
pharmaceutically acceptable carrier.

[0040] The present disclosure is directed to a method of treating a disease or disorder in a
subject in need thereof, comprising administering to the subject any of the above
expression vectors, any of the above bacterial sequence-free vectors, or the above
pharmaceutical composition.

[0041] The present disclosure is directed to a polynucleotide comprising a nucleic acid
sequence at least about 90% identical to SEQ ID NO:1.

[0042] The present disclosure is directed to a polynucleotide comprising a nucleic acid
sequence at least about 90% identical to SEQ ID NO:2.

[0043] The present disclosure is directed to a polynucleotide comprising a nucleic acid
sequence at least about 90% identical to SEQ ID NO:3.

[0044] The present disclosure is directed to a polynucleotide comprising a nucleic acid

sequence at least about 90% identical to SEQ ID NO:5.
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[0045] The present disclosure is directed to a polynucleotide comprising a nucleic acid
sequence at least about 90% identical to SEQ ID NO:12.

[0046] The present disclosure is directed to a polynucleotide comprising a nucleic acid
sequence at least about 90% identical to SEQ ID NO:46.

[0047] The present disclosure is directed to a polynucleotide comprising a nucleic acid
sequence at least about 90% identical to SEQ ID NO:13.

[0048] The present disclosure is directed to a polynucleotide comprising a nucleic acid
sequence at least about 90% identical to SEQ ID NO:14.

[0049] The present disclosure is directed to a polynucleotide comprising a nucleic acid
sequence at least about 90% identical to SEQ ID NO:15.

[0050] In some aspects, any of the above polynucleotides comprising a nucleic acid
sequence at least about 90% identical to any one of SEQ ID NOs:13-15 further comprises
100 to 120 adenine nucleotides at the 3' end of the nucleic acid sequence.

[0051] The present disclosure is directed to a polynucleotide comprising a nucleic acid
sequence at least about 90% identical to SEQ ID NO:16.

[0052] The present disclosure is directed to a polynucleotide comprising a nucleic acid
sequence at least about 90% identical to SEQ ID NO:17.

[0053] The present disclosure is directed to a polynucleotide comprising a nucleic acid
sequence at least about 90% identical to SEQ ID NO:18.

[0054] The present disclosure is directed to a polynucleotide comprising a nucleic acid
sequence at least about 90% identical to SEQ ID NO:35.

[0055] The present disclosure is directed to a polynucleotide comprising a nucleic acid
sequence at least about 90% identical to SEQ ID NO:36.

[0056] The present disclosure is directed to a polynucleotide comprising a nucleic acid
sequence at least about 90% identical to SEQ ID NO:37.

[0057] The present disclosure is directed to a polynucleotide comprising a nucleic acid
sequence at least about 90% identical to SEQ ID NO:38.

[0058] The present disclosure is directed to a polynucleotide comprising a nucleic acid
sequence at least about 90% identical to SEQ ID NO:39.

[0059] The present disclosure is directed to an expression vector comprising any of the

above polynucleotides.
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[0060] The present disclosure is directed to an expression vector comprising a
polynucleotide comprising a nucleic acid sequence at least about 90% identical to any one
of SEQ ID NOs:2, 3, or 5, and (i) a polynucleotide comprising a nucleic acid sequence at
least about 90% identical to any one of SEQ ID NOs:13-18, or (ii) a polynucleotide
comprising a nucleic acid sequence at least about 90% identical to any one of SEQ ID
NOs:13-15 and 100 to 120 adenine nucleotides at the 3' end of the nucleic acid sequence.

[0061] The present disclosure is directed to a method of gene editing comprising inserting
a nucleic acid sequence of interest from any of the above expression vectors, any of the
bacterial sequence-free vectors, or any of the above pharmaceutical compositions into a
target site for gene editing. In some aspects, the gene editing is by non-homologous end

joining. In some aspects, the gene editing is by homology-directed repair.

BRIEF DESCRIPTION OF THE DRAWINGS

[0062] Figure 1 shows a vector map of the expression vector pGL2-SS*-CAG-SecNLuc-
2A-eGFP-BGpA-SS*.
[0063] Figure 2 shows a vector map of the expression vector pcDNA-CMV-5'UTR-

SecNLuc-P2A-eGFP-bGHpA.

[0064] Figure 3 shows photomicrographs evaluating fluorescence in HEK-293 cells via
live imaging. (A) shows negative control cells exposed to lipofectamine without plasmid,
(B) shows cells transfected with the expression vector of Figure 1, (C) shows cells
transfected with the expression vector of Figure 2, and (D) shows positive control cells
transfected with a parental expression vector, pGL2-SS*-CAG-eGFP-BGpA-SS* (PP-
CAG-GFP), expressing eGFP under the control of a CAG promoter.

[0065] Figure 4 shows a bar graph of the relative fluorescence intensities of cells
transected according to Figure 3(A)-(D). "pGL2-SecNLuc-eGFP" in Figures 4-5 indicates
cells transfected with the pGL2-SS*-CAG-SecNLuc-2A-eGFP-BGpA-SS* expression
vector of Figure 1. "pcDNA-SecNLuc-eGFP" in Figures 4-5 indicates cells transfected
with the pcDNA-CMV-5'UTR-SecNLuc-P2A-eGFP-bGHpA expression vector of Figure
2.

[0066] Figure S shows a bar graph of relative luciferase intensities in the media of cells

transfected according to Figure 3(A)-(C).
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[0067] Figure 6 shows a vector map of the expression vector pGL2-SS*-CAG-SecNLuc-
2A-eGFP-WPRE-BGpA-SS*.

[0068] Figure 7 shows a vector map of the expression vector pGL2-SS*-CMV-UTRI1-
SecNLuc-2A-eGFP-WPRE-BGpA-SS*.

[0069] Figure 8 shows a vector map of the expression vector pGL2-SS*-CMV-UTR2-
SecNLuc-2A-eGFP-WPRE-BGpA-SS*.

[0070] Figure 9 shows a line graph of long-term luciferase activity as indicated by

luminescence in Relative Luminometer Units (also termed Relative Light Units, RLU) in
the media of HEK-293 cells at Days 2, 6, 10, 14, 17, 20, 27, and 34 after electroporation
of cells with the expression vectors of Figure 1 (pGL2-SecNLuc-eGFP), Figure 6
(WPRE), Figure 7 (SS'UTR1+WPRE), and Figure 8 (SUTR2+WPRE) as compared to a
negative control in which cells were electroporated with a puc57 plasmid lacking a
mammalian expression cassette (Neg. Ctl. (no plasmid)). * = p<0.05, ** = p<0.01, *** =
p<0.001, and **** = p<0.0001.

[0071] Figure 10 shows a bar graph of luciferase activity as indicated by luminescence in
RLU in the media of transfected and negative control HEK-293 cells as described in
Figure 9 at passage numbers 1, 2, 3, and 5.

[0072] Figure 11 shows a line graph of relative luciferase intensity in HEK-293 cells at
passage numbers 1, 2, 3, 4, 5, 6, and 7, corresponding to Days 8, 15, 24, 31, 38, 45, and
52, respectively, after electroporation of the cells with the expression vectors of Figure 7
(2nd gen pDNA (CMV+U1+W)), msDNA produced from the expression vector of Figure
7 (2nd gen msDNA (CMV+U1+W)), or the expression vector of Figure 2 containing a
luciferase transgene (conventional pcDNA). ** = p<0.01, *** = p<0.001, and **** =
p<0.0001 as compared to the conventional pcDNA dataset.

[0073] Figure 12 shows fluorescence in cells transfected with the expression vector of
Figure 1 or Figure 7 as described in Figure 9. (A) shows photomicrographs evaluating
fluorescence in HEK-293 cells via live imaging at passage numbers 1, 2, 3, and 5. (B)
shows a line graph of eGFP positive (GFP") cells observed in the field of view from three
live fluorescent images at each passage number; non-significant (ns) = p>0.05. (C) shows
a dot plot depicting Mean Fluorescence Intensity (MFI) for GFP™ cells measured from
three live fluorescent images at passage number 5. The underlying bar graph for each

construct shows the average MFI value from all measured GFP+ cells. **** = p<0.0001.
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[0074] Figure 13 shows a line graph of RLU/mg protein in plasma collected from wild-
type mice at days 1, 3, 7, 10, 15, 22, 28, 42, and 56 after a single hydrodynamic tail vein
injection of 50 pg of pcDNA-CMV-5'UTR-SecNLuc-P2A-eGFP-bGHpA (positive
control, PSNLuc), pGL2-SS*-CAG-SecNLuc-2A-eGFP-BGpA-SS* (pCAGLuc), or
pGL2-SS*-CMV-UTR 1-SecNLuc-2A-eGFP-WPRE-BGpA-SS* (pGSNLuc-WPRE).

[0075] Figure 14 shows a line graph of RLU/mg protein in plasma collected from wild-
type mice at days 1, 3, 7, 10, 15, 22, 28, 42, and 56 after a single hydrodynamic tail vein
injection of 50 pg of pcDNA-CMV-5'UTR-SecNLuc-P2A-eGFP-bGHpA (positive
control, PSNLuc), pGL2-SS*-CAG-SecNLuc-2A-eGFP-BGpA-SS* (pCAGLuc), or
pGL2-SS*-CAG-SecNLuc-2A-eGFP-WPRE-BGpA-SS* (pCAGLucWPRE).

[0076] Figure 15 shows a line graph of RLU/mg protein in plasma collected from wild-
type mice at days 1, 3, 7, 10, 15, 22, 28, 42, and 56 after a single hydrodynamic tail vein
injection of 5 ug of pcDNA-CMV-5'UTR-SecNLuc-P2A-eGFP-bGHpA (positive control,
pDNA CMV-U (no SSeq)), pGL2-SS*-CAG-SecNLuc-2A-eGFP-BGpA-SS* (SSeq
pDNA CAGQG), or pGL2-SS*-CAG-SecNLuc-2A-eGFP-WPRE-BGpA-SS* (SSeq pDNA
CAG-W).

[0077] Figure 16 shows a line graph of RLU/mg protein in plasma collected from wild-
type mice at days 1, 3, 7, 10, 15, 22, 28, 42, and 56 after a single hydrodynamic tail vein
injection of 5 ug of pcDNA-CMV-5'UTR-SecNLuc-P2A-eGFP-bGHpA (positive control,
No-SSeq pDNA CMV-U), pGL2-SS*-CAG-SecNLuc-2A-eGFP-WPRE-BGpA-SS*
(2XSSeq pDNA CAG-W), or msDNA-CAG-SecNLuc-2A-eGFP-WPRE-BGpA (2XSSeq
msDNA CAG-W).

[0078] Figure 17A-D show bar graphs of GFP expression as determined by ELISA in
liver from wild-type mice at day 56 after a single hydrodynamic tail vein injection of 5 pg
of the vectors described in Figure 16 as well as a negative control mouse with no injection
of vector. (A) shows the GFP concentration in ug/mL. (B) shows pg of GFP normalized
to ug of total protein. (C) shows ug of GFP normalized to g of total tissue. (D) shows
expression levels of GFP relative to control. ¥*P<0.05, ** P<0.01, ***P<0.001,
**%%P<0.0001.

[0079] Figure 18 shows a bar graph of cytoplasmic GFP protein concentration (pg/mL)

in liver from wild-type mice at day 56 after a single hydrodynamic tail vein injection of 5
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ug of vectors as described in Figure 16 as well as a negative control mouse with no
injection of vector.

[0080] Figure 19 shows a bar graph of total flux in photons/second from in vivo whole
body bioluminescence imaging after a single intravenous tail vein injection in mice with a
lipid nanoparticle (LNP) carrier (Vehicle(control)) or lipoplex of the LNP and msDNA-
CAG-SecNLuc-2A-eGFP-WPRE-BGpA (LNP-2G msDNA-CAG-SecretedNanoLuc),
pGL2-SS*-CAG-SecNLuc-2A-eGFP-WPRE-BGpA-SS* (LNP-2G ppDNA-CAG-
SecretedNanoLuc), msDNA-CMV-UTR1-SecNLuc-2A-eGFP-WPRE-BGpA (LNP-2G
msDNA-CMV-SecretedNanoLuc), pGL2-SS*-CMV-UTR1-SecNLuc-2A-eGFP-WPRE-
BGpA-SS* (LNP-2G ppDNA-CMV-SecretedNanoLuc), or pcDNA-CMV-5'UTR-
SecNLuc-P2A-eGFP-bGHpA (LNP-Conv.pDNA-CMYV-SecretedNanoLuc) on days 1, 3,
10, 30, 58, 92, 119, and 174 as indicated by the bar graphs from left to right for each
injection. The bar graphs for the LNP-2G msDNA-CAG-SecretedNanoLuc injection are
enclosed within the hashed lines.

[0081] Figure 20 shows photomicrographs of green fluorescent protein (GFP) expression
in sagittal brain sections from the cortex, thalamus, brainstem, and cerebellum from a
mouse injected with msDNA-CAG-SecNLuc-2A-eGFP-WPRE-BGpA. White arrows
indicate transgene expression. Nuclei are indicated by staining with diamidino-2-
phenylindole (DAPI).

[0082] Figures 21-22 show photomicrographs of GFP expression in sagittal brain
sections from the cortex and thalamus (Figure 21) and from the cerebellum and
brainstem (Figure 22) from a mouse injected with msDNA-CAG-SecNLuc-2A-eGFP-
WPRE-BGpA. Neurons are indicated with the neuronal marker NeuN.

[0083] Figures 23-24 show photomicrographs of GFP expression in sagittal brain
sections from the cortex and thalamus (Figure 23) and from the cerebellum and
brainstem (Figure 24) from a mouse injected with msDNA-CMV-UTR1-SecNLuc-2A-
eGFP-WPRE-BGpA. Neurons are indicated with the neuronal marker NeuN.

[0084] Figures 25-26 show bar graphs of luminescence associated with luciferase
expression in human T cells (Pan-T(TA+) cells, Figure 25) or hepatocytes (Huh7 cells,
Figure 26) at 3 and 5 days after transfection with a lipoplex of a lipid nanoparticle carrier
(LNP) and pcDNA-CMV-5'UTR-SecNLuc-P2A-eGFP-bGHpA (positive control, LNP-
Conv.pDNA-CMV-SecretedNLuc), pGL2-SS*-CMV-UTR1-SecNLuc-2A-eGFP-WPRE-
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BGpA-SS* (LNP-ppDNA-CMV-SecretedNLuc), msDNA-CMV-UTR1-SecNLuc-2A-
eGFP-WPRE-BGpA (LNP-msDNA-CMV-SecretedNLuc), pGL2-SS*-CAG-SecNLuc-
2A-eGFP-WPRE-BGpA-SS* (LNP-ppDNA-CAG-SecretedNLuc), or msDNA-CAG-
SecNLuc-2A-eGFP-WPRE-BGpA (LNP-msDNA-CAG-SecretedNLuc), a PBS control,
or untreated cells.

[0085] Figure 27A-C, Figure 28A-C, and Figure 29A-B show fluorescence activated
cell sorting (FACS) scatter plots of knock-in (KI) efficiencies (Q3) for a gene of interest
(GOI) at 3 days (Figure 27A-C), 7 days (Figure 28A-C), and 15 days (Figure 29A-B)
after transfection of a CRISPR gene editing system and either a conventional plasmid or
msDNA carrying the GOI flanked by 5’ and 3” homology arms (HDR-GOI-HDR). (A) in
Figures 27 and 28 shows a FACS scatter plot for control, wild-type (WT) induced
pluripotent stem cells (iPSCs) without any HDR KI of the GOI. (A) in Figures 27-28 and
(B) in Figure 29 show a FACS scatter plot in iPSCs following HDR KI of the GOI using
a conventional plasmid (Plasmid DNA HDR-GOI-HDR). (C) in Figures 27-28 and (B) in
Figure 29 show a FACS scatter plot in iPSCs following HDR KI of the GOI using
msDNA (msDNA HDR-GOI-HDR).

[0086] Figure 30 shows a vector map of the expression vector SS*-CMV-UTRI1-
SecNLuc-2A-eGFP-3'UTR[2hBGpA-A120]-SS*.

[0087] Figure 31 shows a vector map of the expression vector SS*-E1-CMV-UTR1-
SecNLuc-2A-eGFP-3'UTR[2hBGpA-A120]-SS*.

[0088] Figure 32 shows a vector map of the expression vector SS*-E1-CMV-UTRI1-
SecNLuc-2A-eGFP-WPRE-3'UTR[2hBGpA-A120]-SS*.

[0089] Figure 33 shows a vector map of the expression vector SS*-UCOE-E1-CMV-
UTR1-SecNLuc-2A-eGFP-WPRE-3'UTR[2hBGpA-A120]-SS*.

[0090] Figure 34 shows a vector map of the expression vector SS*-E1-CMV-UTR1-
SecNLuc-2A-eGFP-huMAR-3"UTR[2hBGpA-A120]-SS*.

[0091] Figure 35 shows a vector map of the expression vector SS*-UCOE-E1-CMV-
UTR1-SecNLuc-2A-eGFP-huMAR-3'UTR[2hBGpA-A120]-SS*.

[0092] Figure 36 shows a vector map of the expression vector SS*-UCOE-E1-CMV-
UTR1-SecNLuc-2A-eGFP-WPRE-3'UTR[2hBGpA-A120]-SS*.

[0093] Figure 37 shows a vector map of the expression vector SS*-E1-CMV-UTRI1-
SecNLuc-2A-eGFP-huMAR-WPRE-3"UTR[2hBGpA-A120]-SS*.
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[0094] Figure 38 shows a vector map of the expression vector SS*-UCOE-E1-CMV-
UTR1-SecNLuc-2A-eGFP-huMAR-WPRE-3'UTR[2hBGpA-A120]-SS*.

[0095] Figure 39 shows a line graph of luciferase activity as indicated by luminescence
in RLU in the media of HEK-293 cells at Days 2, 3, 7, 10, 14, 21, and 28 after
electroporation of cells with the expression vectors of Figure 2 (Conventional pDNA
CMV-U), Figure 30 (A: CMV-U1-3'UTR), Figure 31 (B: E1-CMV-U1-3'UTR), and
Figure 32 (C: E1-CMV-U1-WPRE-3'UTR). * = p<0.05 and ** = p<0.01.

[0096] Figure 40 shows a line graph of relative luciferase intensity in HEK-293 cells at
passage numbers 1, 2, 3, 4, and 5 after passaging every 7 days following electroporation
of the cells at day 0 with the expression vectors described in Figure 39. * = p<0.05 and **
= p<0.01.

[0097] Figure 41 shows a vector map of the expression vector pGL2-CAG-SecNLuc-2A-
eGFP-WPRE-bGlobin polyA.

[0098] Figure 42 shows a vector map of the expression vector 4-1 pGL2-SS*-CAG
[CMYV enhancer+CBA Promoter+intron]-SecNLuc-2A-eGFP-WPRE-3"UTR(108 to 120
polyA)-SS*.

[0099] Figure 43 shows a vector map of the expression vector 4-2 pGL2-SS*-CAG [El
X3+CBA promotertintrone]-SecNLuc-2A-eGFP-WPRE-3"UTR(108 to 120 polyA)-SS*.

[0100] Figure 44 shows a vector map of the expression vector 4-3 pGL2-SS*-CAG
[E2(U100)+CBA promoter+introne]-SecNLuc-2A-eGFP-WPRE-3"UTR(108 to 120
polyA)-SS*.

[0101] Figure 45 shows a vector map of the expression vector 4-4 pGL2-SS*-CAG [El
X3+CBA promoter+UTR1]-SecNLuc-2A-eGFP-WPRE-3"UTR(108 to 120 polyA)-SS*.

[0102] Figure 46 shows a vector map of the expression vector 4-5-pGL2-SS*-CAG [E2
(U100)+CBA promoter+UTR1]-SecNLuc-2A-eGFP-WPRE-3"UTR (108 to 120 polyA)-
SS*.

[0103] Figure 47 shows a vector map of the expression vector 4-6-pGL2-SS*-CMV
enhancer-EF 1-UTR1-SecNLuc-2A-eGFP-WPRE-3’UTR(108 to 120 polyA)-SS*.

[0104] Figure 48 shows a bar graph of luciferase activity as indicated by luminescence in
RLU in the media of HEK-293 cells at 3 and 6 days after transfection with the expression
vectors shown in Figure 41 (Conventional no SSeq pDNA CAG-W) and Figures 42-47
(4-1 to 4-6, respectively).
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[0105] Figure 49 shows a diagram of an exemplary sequence for a self-restricting
CRISPR gene editing system that contains flanking Super Sequences (SSeq), a synthetic
enhancer (E1), a CMV promoter (Pcmv), a synthetic 5'UTR containing an optimized
internal intron with a tRNA-gRNA-PAM insertion (UTR-tRNA-gRNA-PAM-1), a Casf2
gene, and a 3'UTR containing a human beta-globin polyadenylation signal and a gRNA-
PAM insertion (HBg3'UTR-gRNA-PAM).

[0106] Figure 50 shows a diagram of self-limiting Cas expression from the sequence of
Figure 52 during homology-directed repair (HDR) of chromosomal DNA with a
therapeutic GOI flanked by homology arms.

[0107] Figure 51 shows a diagram for two gene-editing scenarios with a self-restricting
CRISPR gene editing system. In Scenario 1, a msDNA containing a human expression
cassette (e.g., therapeutic GOI) is first transfected for transient expression followed by the
gene editing system of Figure 42 for HDR knock-in. In Scenario 2, HDR knock-in is
mediated by a single msDNA containing both the self-restricting CRISPR gene editing

system and the human expression cassette flanked by homology arms.

DETAILED DESCRIPTION

[0108] The present disclosure provides expression vectors, bacterial sequence-free
vectors (e.g., ministring DNA (msDNA)), vector production systems, methods of making
the bacterial sequence-free vectors, compositions, and uses thereof.

[0109] All publications cited herein are hereby incorporated by reference in their
entireties, including without limitation all journal articles, books, manuals, patent
applications, and patents cited herein, to the same extent as if each individual publication

was specifically and individually indicated to be incorporated by reference.

1. Terms

[0110] In order that the present disclosure can be more readily understood, certain terms
are first defined. As used in this application, except as otherwise expressly provided
herein, each of the following terms shall have the meaning set forth below. Additional
definitions are set forth throughout the application.

[0111] It is to be noted that the term "a" or "an" entity refers to one or more of that entity;

for example, "a nucleotide sequence," is understood to represent one or more nucleotide
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sequences. As such, the terms "a" (or "an"), "one or more," and "at least one" can be used
interchangeably herein.

[0112] The term "and/or" where used herein is to be taken as specific disclosure of each of
the specified features or components with or without the other. Thus, the term "and/or" as
used in a phrase such as "A and/or B" is intended to include "A and B," "A or B," "A"
(alone), and "B" (alone). Likewise, the term "and/or" as used in a phrase such as "A, B,
and/or C" is intended to encompass each of the following aspects: A, B, and C; A, B, or C;
AorC;AorB;BorC; AandC; A and B; B and C; A (alone); B (alone); and C (alone).

[0113] It is understood that wherever aspects are described herein with the language
"comprising," otherwise analogous aspects described in terms of "consisting of" and/or
"consisting essentially of" are also provided.

[0114] The terms "about" or "comprising essentially of" refer to a value or composition
that is within an acceptable error range for the particular value or composition as
determined by one of ordinary skill in the art, which will depend in part on how the value
or composition is measured or determined, i.e., the limitations of the measurement
system. For example, "about" or "comprising essentially of" can mean within 1 or more
than 1 standard deviation per the practice in the art. Alternatively, "about" or "comprising
essentially of" can mean a range of up to 10% (i.e., £10%). Furthermore, particularly with
respect to biological systems or processes, the terms can mean up to an order of
magnitude or up to 5-fold of a value. When particular values or compositions are
provided in the application and claims, unless otherwise stated, the meaning of "about" or
"comprising essentially of" should be assumed to be within an acceptable error range for
that particular value or composition.

[0115] As described herein, any concentration range, percentage range, ratio range, or
integer range is to be understood to include the value of any integer within the recited range
and, when appropriate, fractions thereof (such as one tenth and one hundredth of an integer),
unless otherwise indicated. Numeric ranges are inclusive of the numbers defining the range.

[0116] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
disclosure is related. For example, the Concise Dictionary of Biomedicine and Molecular
Biology, Juo, Pei-Show, 2nd ed., 2002, CRC Press; The Dictionary of Cell and Molecular
Biology, 5th ed., 2013, Academic Press; and the Oxford Dictionary Of Biochemistry And



WO 2022/264095 PCT/1B2022/055620
-19 -

Molecular Biology, 2006, Oxford University Press, provide one of skill with a general

dictionary of many of the terms used in this disclosure.

[0117] Units, prefixes, and symbols are denoted in their Systéme International de Unites
(SI) accepted form.
[0118] Unless otherwise indicated, nucleotide sequences are written left to right in 5' to 3'

orientation. Amino acid sequences are written left to right in amino to carboxy orientation.

[0119] The headings provided herein are not limitations of the various aspects of the
disclosure, which can be had by reference to the specification as a whole. Accordingly, the
terms defined immediately below are more fully defined by reference to the specification
in its entirety.

[0120] "Amino acid" is a molecule having the structure wherein a central carbon atom
(the alpha-carbon atom) is linked to a hydrogen atom, a carboxylic acid group (the carbon
atom of which is referred to herein as a "carboxyl carbon atom"), an amino group (the
nitrogen atom of which is referred to herein as an "amino nitrogen atom"), and a side
chain group, R. When incorporated into a peptide, polypeptide, or protein, an amino acid
loses one or more atoms of its amino acid carboxylic groups in the dehydration reaction
that links one amino acid to another. As a result, when incorporated into a protein, an
amino acid is referred to as an "amino acid residue."

[0121] "Protein" or "polypeptide" refers to any polymer of two or more individual amino
acids (whether or not naturally occurring) linked via a peptide bond, and occurs when the
carboxyl carbon atom of the carboxylic acid group bonded to the alpha-carbon of one
amino acid (or amino acid residue) becomes covalently bound to the amino nitrogen atom
of amino group bonded to the non alpha-carbon of an adjacent amino acid. The terms
"protein" and "polypeptide" can be used interchangeably herein. Similarly, fragments of
proteins and polypeptides are also within the scope of the disclosure and may be referred
to herein as "proteins" or "polypeptides." In one aspect of the disclosure, a polypeptide
comprises a chimera of two or more parental peptide segments or proteins. The term
"polypeptide" is also intended to refer to and encompass the products of post-translation
modification ("PTM") of the polypeptide, including without limitation disulfide bond
formation, glycosylation, carbamylation, lipidation, acetylation, phosphorylation,
amidation, derivatization by known protecting/blocking groups, proteolytic cleavage,

modification by non-naturally occurring amino acids, or any other manipulation or
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modification, such as conjugation with a labeling component. A polypeptide can be
derived from a natural biological source or produced by recombinant technology, but is
not necessarily translated from a designated nucleic acid sequence. It can be generated in
any manner, including by chemical synthesis. An "isolated" polypeptide or a fragment,
variant, or derivative thereof refers to a polypeptide that is not in its natural milieu. No
particular level of purification is required. For example, an isolated polypeptide can
simply be removed from its native or natural environment. Recombinantly produced
polypeptides and proteins expressed in host cells are considered isolated for the purpose
of the disclosure, as are native or recombinant polypeptides which have been separated,
fractionated, or partially or substantially purified by any suitable technique.

[0122] Recombinant polypeptides (i.e., recombinant proteins) comprising two or more
proteins as disclosed herein can be encoded by a single coding sequence that comprises
polynucleotide sequences encoding each protein. Unless stated otherwise, the
polynucleotide sequences encoding each protein are "in frame" such that translation of a
single mRNA comprising the polynucleotide sequences results in a single polypeptide
comprising each protein. Typically, the proteins in a recombinant polypeptide as
described herein will be fused directly to one another or will be separated by a peptide
linker. Various polynucleotide sequences encoding peptide linkers are known in the art
and include, for example, self-cleaving peptides.

[0123] "Polynucleotide" or "nucleic acid" as used herein refers to a polymeric form of
nucleotides. In some instances, a polynucleotide comprises a sequence that is either not
immediately contiguous with the coding sequences or is immediately contiguous (on the
5" end or on the 3’ end) with the coding sequences in the naturally occurring genome of
the organism from which it is derived. The term therefore includes, for example, a
recombinant DNA that is incorporated into a vector, into an autonomously replicating
plasmid or virus, or into the genomic DNA of a prokaryote or eukaryote, or which exists
as a separate molecule (e.g., a cDNA) independent of other sequences. The nucleotides of
the disclosure can be ribonucleotides, deoxyribonucleotides, or modified forms of either
nucleotide. A polynucleotide as used herein refers to, among others, single- and double-
stranded DNA, DNA that is a mixture of single- and double-stranded regions, single- and
double-stranded RNA, and RNA that is mixture of single- and double-stranded regions,

hybrid molecules comprising DNA and RNA that can be single-stranded or, more
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typically, double-stranded or a mixture of single- and double-stranded regions. The term
polynucleotide encompasses genomic DNA or RNA (depending upon the organism, i.e.,
RNA genome of viruses), as well as mRNA encoded by the genomic DNA, and cDNA. In
certain aspects, a polynucleotide comprises a conventional phosphodiester bond or a non-
conventional bond (e.g., an amide bond, such as found in peptide nucleic acids (PNA)).
By "isolated" nucleic acid or polynucleotide is intended a nucleic acid molecule, e.g.,
DNA or RNA, which has been removed from its native environment. For example, a
nucleic acid molecule comprising a polynucleotide encoding a recombinant polypeptide
contained in a vector is considered "isolated" for the purposes of the present disclosure.
Further examples of an isolated polynucleotide include recombinant polynucleotides
maintained in heterologous host cells or purified (partially or substantially) from other
polynucleotides in a solution. Isolated RNA molecules include in vivo or in vitro RNA
transcripts of polynucleotides of the present disclosure. Isolated polynucleotides or
nucleic acids according to the present disclosure further include polynucleotides and
nucleic acids (e.g., nucleic acid molecules) produced synthetically.

[0124] As used herein, a "coding region" or "coding sequence" is a portion of a
polynucleotide, which consists of codons translatable into amino acids. Although a "stop
codon" (TAG, TGA, or TAA) is typically not translated into an amino acid, it can be
considered to be part of a coding region, but any flanking sequences, for example
promoters, ribosome binding sites, transcriptional terminators, introns, and the like, are
not part of a coding region. The boundaries of a coding region are typically determined by
a start codon at the 5' terminus, encoding the amino-terminus of the resultant polypeptide,
and a translation stop codon at the 3' terminus, encoding the carboxyl-terminus of the
resulting polypeptide.

[0125] As used herein, an "expression cassette" comprises a nucleic acid sequence of
interest (e.g., a nucleic acid sequence for expression of a polypeptide, DNA, or RNA) and
an expression control region.

[0126] As used herein, a "transgene" can be used interchangeably with "gene of interest
(GOI)" and refers to a portion of a polynucleotide that contains codons translatable into
amino acids. Although a "stop codon" (TAG, TGA, or TAA) is typically not translated
into an amino acid, it can be considered to be part of a transgene, but any flanking

sequences, for example promoters, ribosome binding sites, transcriptional terminators,
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introns, and the like, are not part of the transgene. The boundaries of a transgene are
typically determined by a start codon at the 5' terminus, encoding the amino-terminus of
the resultant polypeptide, and a translation stop codon at the 3' terminus, encoding the
carboxyl-terminus of the resulting polypeptide.

As used herein, the term "expression control region" refers to a transcription
control element that is operably associated with a coding region to direct or control
expression of the product encoded by the coding region, including, for example, cis-
regulatory modules (CRMs), promoters (e.g., a tissue specific promoter and/or an
inducible promoter), enhancers, operators, repressors, ribosome binding sites, translation
leader sequences, introns, post-transcriptional elements, polyadenylation recognition
sequences, RNA processing sites, effector binding sites, stem-loop structures, and
transcription termination signals, miRNA binding sites, and combinations thereof.
Expression control regions include nucleotide sequences located upstream (5'), within, or
downstream (3') of a nucleic acid sequence of interest, and which influence the
transcription, RNA processing, stability, or translation of the associated nucleic acid
sequence of interest. If a transgene is intended for expression in a eukaryotic cell, a
polyadenylation signal and transcription termination sequence will usually be located 3' to
the transgene.

A coding region and a promoter are "operably associated" (i.e., "operably linked")
if induction of promoter function results in the transcription of mRNA comprising a
coding region that encodes the product, and if the nature of the linkage between the
promoter and the coding region does not interfere with the ability of the promoter to
direct the expression of the product encoded by the coding region or interfere with the
ability of the DNA template to be transcribed. Expression control regions include
nucleotide sequences located upstream (5' non-coding sequences), within, or downstream
(3' non-coding sequences) of a coding region, and which influence the transcription, RNA
processing, stability, or translation of the associated coding region. If a coding region is
intended for expression in a eukaryotic cell, a polyadenylation signal and transcription
termination sequence will usually be located 3' to the coding sequence.

As used herein, the terms "host cell" and "cell" can be used interchangeably and
can refer to any type of cell or a population of cells, e.g., a primary cell, a cell in culture,

or a cell from a cell line, that harbors or is capable of harboring a nucleic acid molecule
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(e.g., arecombinant nucleic acid molecule). Host cells can be a prokaryotic cell, or
alternatively, the host cells can be eukaryotic, for example, fungal cells, such as yeast
cells, and various animal cells, such as insect cells or mammalian cells.

[0130] "Culture," "to culture" and "culturing," as used herein, means to incubate cells
under in vitro conditions that allow for cell growth or division or to maintain cells in a
living state. "Cultured cells," as used herein, means cells that are propagated in vitro.

[0131] A "subject" includes any human or nonhuman animal. The term "nonhuman
animal" includes, but is not limited to, vertebrates such as mammals, avians, pets, farm
animals, nonhuman primates, sheep, cows, goats, pigs, chickens, dogs, cats, and rodents
such as mice, rats, and guinea pigs. In preferred aspects, the subject is a human. The
terms, "subject" and "patient" are used interchangeably herein.

[0132] "Administering" refers to the physical introduction of a therapeutic agent to a
subject, using any of the various methods and delivery systems known to those skilled in
the art.

[0133] The terms "treat," "treating," "treatment," or "therapy" of a subject as used herein,
refer to any type of intervention or process performed on, or administering an active agent
to, the subject with the objective of reversing, alleviating, ameliorating, inhibiting, or
slowing down or preventing the progression, development, severity or recurrence of a
symptom, complication, condition or biochemical indicia associated with a disease or
enhancing overall survival. Treatment can be of a subject having a disease or a subject
who does not have a disease (e.g., for prophylaxis, such as vaccination).

[0134] The term "effective dose" "effective dosage," or "effective amount” is defined as
an amount of an agent sufficient to achieve or at least partially achieve a desired effect. A
"therapeutically effective amount" or "therapeutically effective dosage" of a drug or
therapeutic agent is any amount of the drug that, when used alone or in combination with
another therapeutic agent, promotes disease regression evidenced by a decrease in
severity of disease symptoms, an increase in frequency and duration of disease symptom-
free periods, an increase in overall survival (the length of time from either the date of
diagnosis or the start of treatment for a disease that patients diagnosed with the disease
are stili alive}, or a prevention of impairment or disability due to the disease affliction. A
therapeutically effective amount or dosage of a drug includes a "prophylactically effective

amount" or a "prophylactically effective dosage", which is any amount of the drug that,
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when administered alone or in combination with another therapeutic agent to a subject at
risk of developing a disease or of suffering a recurrence of disease, inhibits the
development or recurrence of the disease. The ability of a therapeutic agent to promote
disease regression or inhibit the development or recurrence of the disease can be
evaluated using a variety of methods known to the skilled practitioner, such as in human
subjects during clinical trials, in animal model systems predictive of efficacy in humans,

or by assaying the activity of the agent in in vifro assays.

Various aspects of the disclosure are described in further detail in the following
subsections.
IL. Expression vectors and vector production systems for producing bacterial
sequence-free vectors
Bacterial sequence-free vectors and their production are described in U.S. Patent

Nos. 9,290,778 and 9,862,954; Nafissi and Slavcev, Microbial Cell Factories 11:154
(2012); and Nafissi et al., Nucleic Acids 3(6):€165 (2014), incorporated by reference
herein in their entireties. These bacterial sequence-free vectors are produced from an
expression vector (e.g., a plasmid) that contains specialized "Super Sequence" ("SS" or,
alternatively, "SSeq") sites comprising target sequences for recombinases flanking each
side (i.e., the 5' and 3' sides) of an expression cassette containing a nucleic acid
sequence(s) of interest. Specifically, each SS contains a target sequence for a first
recombinase, with an additional target sequence for one or more additional recombinases
integrated within non-binding regions for the first recombinase. When the expression
vector is present in a recombinant cell that expresses an appropriate recombinase, a
bacterial sequence-free vector containing the expression cassette is separated from the
backbone DNA of the expression vector. To produce a circular covalently closed (CCC)
bacterial sequence-free vector, the expression vector is placed into a recombinant cell
expressing a recombinase such as Cre or Flp, for example, that acts through its target
sequences in the SS. To produce a linear covalently closed (LCC) bacterial sequence-free
vector, also referred to herein as a ministring DNA (msDNA), the expression vector is
placed into a recombinant cell expressing a recombinase such as TelN or Tel, for
example, that acts through its target sequences in the SS. The bacterial sequence-free

vector resulting from the recombination can then be purified from the cells and used
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directly as a delivery vector. See U.S. Patent Nos. 9,290,778 and 9,862,954, Nafissi and
Slavcev, and Nafissi et al.

[0137] msDNA vectors with LCC ends are torsion-free and not subject to gyrase-directed
negative supercoiling during their production in £. coli. Furthermore, due to its double
stranded LCC topology, integration of msDNA into a cell's chromosome causes a
chromosomal break, thereby eliminating the cell from the population. Thus, msDNA
eliminates any risk of insertional mutagenesis, protecting patients who are administered
the msDNA from potential genotoxicity and cancer (Nafissi et.al.).

[0138] The present disclosure provides improved production of bacterial sequence-free
vectors and improved bacterial sequence-free vectors. In some aspects, production of the
bacterial sequence-free vectors is improved by removal of contaminating expression
vector sequences. In some aspects, the bacterial sequence-free vectors is improved
through its capacity for establishment in cells (i.e., transfection efficiencies), improved
transgene expression (e.g., mediated by a combination of enhanced transcription and
translation), and improved expansion in cells (e.g., replication and partition of the vector
to daughter cells).

[0139] In some aspects, the improvements disclosed herein can be adapted to CCC or

LCC vectors produced according to other methods known in the art.

A. Expression vectors

[0140] Provided herein is an expression vector comprising: (a) a backbone sequence, (b)
a sequence comprising: (i) an expression cassette comprising a nucleic acid sequence of
interest, (ii) a first target sequence for a first recombinase flanking the 5' side of the
expression cassette, (iii) a second target sequence for the first recombinase flanking the 3'
side of the expression cassette, and (iv) one or more additional target sequences for one or
more additional recombinases integrated within the first and second target sequences in
non-binding regions for the first recombinase, and (c) one or more of’ (i) an endonuclease
target sequence integrated within the first and/or second target sequences for the first
recombinase in non-binding regions for the first recombinase and the one or more
additional recombinases, wherein the endonuclease target sequence is between the
backbone sequence and cleavage sites for the first recombinase and the one or more
additional recombinases, (i) a synthetic enhancer comprising a nucleic acid sequence at

least about 90% identical to SEQ ID NO:12 integrated between the 3' end of the first
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target sequence for the first recombinase and the 5' end of another enhancer or a promoter
in the expression cassette, (iii) a cytomegalovirus (CMV) enhancer integrated between the
3' end of the first target sequence for the first recombinase and the 5' end of a promoter in
the expression cassette, (iv) a 5' untranslated region (5'UTR) comprising an intron,
wherein the 5'UTR is integrated in the expression cassette between a promoter and the
nucleic acid sequence of interest, (v) a vertebrate chromatin insulator integrated in the
expression cassette between the nucleic acid of interest and a polyadenylation signal, (vi)
a woodchuck hepatitis virus post-transcriptional regulatory element (WPRE) integrated in
the expression cassette between the nucleic acid of interest and a polyadenylation signal,
(vii) a scaffold/matrix attachment region (S/MAR) integrated in the expression cassette
between the nucleic acid of interest and a polyadenylation signal, or (viii) a DNA nuclear
targeting sequence (DTS) integrated within the first and/or second target sequences for
the first recombinase in non-binding regions for the first recombinase and the one or more
additional recombinases, wherein the DTS is between the expression cassette and
cleavage sites for the first recombinase and the one or more additional recombinases.

[0141] A "backbone" sequence as referred to herein is the sequence of the expression
vector outside of the sequence of the expression cassette and the flanking SS sites
comprising the first and second target sequences of the first recombinase. The backbone
sequence can include, for example, sequences for amplification and antibiotic selection of
the expression vector in a host cell (e.g., E. coli) as described herein.

[0142] "Non-binding" regions for a recombinase are regions within the target sequence
for the first recombinase that are not acted upon by a recombinase as described herein
(e.g., not bound and/or cleaved by the recombinase).

[0143] A "cleavage site" for a recombinase is the site at which a recombinase initiates a
double-strand break or single-stranded nick in the DNA associated with recombination.

[0144] In some aspects, the expression vector comprises an endonuclease target sequence
integrated within the first and/or second target sequences for the first recombinase in non-
binding regions for the first recombinase and the one or more additional recombinases,
wherein the endonuclease target sequence is between the backbone sequence and
cleavage sites for the first recombinase and the one or more additional recombinases. In
some aspects, the endonuclease target sequence is integrated within the first target

sequence for the first recombinase. In some aspects, the endonuclease target sequence is
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integrated within the second target sequence for the first recombinase. In some aspects,
the endonuclease target sequence is integrated within the first and second target
sequences for the first recombinase. In some aspects, the same endonuclease target
sequence is integrated within the first and second target sequences for the first
recombinase. In some aspects, the endonuclease target sequences integrated within the
first and second target sequences for the first recombinase are for the same endonuclease.
In some aspects, the endonuclease target sequence integrated within the first target
sequence for the first recombinase is different from the endonuclease target sequence
integrated within the second target sequence for the first recombinase. In some aspects,
the endonuclease target sequence integrated within the first target sequence for the first
recombinase is for a different endonuclease than the endonuclease target sequence
integrated within the second target sequence for the first recombinase.

[0145] The location of the endonuclease target sequence between the backbone sequence
and cleavage sites for the recombinases in the expression vector ensures that the
endonuclease target sequence remains associated with the backbone sequence, and not the
bacterial sequence-free vector, following recombination as described herein. Thus,
following recombination, sequences containing backbone sequence and the endonuclease
target site can be removed from a preparation containing bacterial sequence-free vector
by exposure to an endonuclease, reducing or avoiding the need for purification steps to
remove backbone sequences in methods of producing the bacterial sequence-free vector.
In some aspects, the endonuclease is expressed following recombination in a host cell of a
vector production system as described herein, wherein the endonuclease cuts the DNA at
the endonuclease target site, and the sequence containing the backbone sequence and the
endonuclease target site is degraded by an exonuclease (e.g., exonuclease V).

[0146] In some aspects, the expression vector comprises an endonuclease target sequence
for a homing endonuclease. In some aspects, the endonuclease target sequence is for I-
Anil, I-Ceul, I-Chul, I-Cpal, I-Cpall, I-Crel, I-Dmol, H-Drel, I-Hmul, I-Hmull, I-Llal, I-
Msol, PI-Pful, PI-Pkoll, I-Porl, I-Ppol, PI-Pspl, I-Scal, I-Scel, PI-Scel, I-Scell, I-SeclII,
I-ScelV, I-SceV, I-Sce VL, I-SceVIL, I-Ssp68031, I-Tevl, I-Tevll, I-TevIIL, PI-TIil, PI-
THIL, I-Tsp0611, or I-Vdil411 In some aspects, the endonuclease target sequence is for I-
Scel. In some aspects, the endonuclease target sequence is for PI-Scel. Target sequences

for homing endonucleases are well-known in the art.
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[0147] In some aspects, the expression vector comprises an endonuclease target sequence
for an endonuclease used in genome editing, including an endonuclease that is part of a
nuclease genome editing system. In some aspects, the nuclease genome editing system is
a Clustered Regularly Interspaced Short Palindromic Repeats-Cas (CRISPR-Cas) system,
a Transcription Activator-Like Effector Nuclease (TALEN) system, a Zinc-Finger
Nuclease (ZFN) system, or a meganuclease system.

[0148] In some aspects, the expression vector comprises an endonuclease target sequence
for a Cas endonuclease. In some aspects, the Cas endonuclease is Cas9 (e.g., a
Streptococcus pyogenes Cas 9 (SpCas9), a Staphlococcus aureus Cas9 (SaCas9), a
Francisella novicida Cas9 (FnCas9), or a Neisseria meningitides Cas9 (NmCas9)), a
Cas9 variant (e.g., Cas9p2, xCas9, SpCas9-NG, SpCas9-NRRH, SpCas9-NRCH, SpCas9-
NRTH, SpG, SpRY), Cas3, Casl2 (e.g., Cas12a, Cas12b, Casl2c, Casl2d, or Casl2e),
Casl3 (e.g., Casl3a, Cas13b, Casl3c, or Cas13d), or Cas14. In some aspects, an
endonuclease target sequence for a Cas endonuclease as used herein is homologous to a
guide RNA (gRNA) targeting sequence and includes a protospacer adjacent motif (PAM)
recognized by a Cas endonuclease. Sequences homologous to gRNA targeting sequences
with PAM sites can be routinely designed based on well-known CRISPR systems. The
gRNA comprises a fusion of a targeting RNA (crRNA) sequence and a trans-activating
RNA (tracrRNA) sequence, which interact and function to direct the Cas endonuclease to
the endonuclease target site and catalyze cleavage.

[0149] In some aspects, the expression vector comprises a synthetic enhancer comprising
a nucleic acid sequence at least about 90%, at least about 91%, at least about 92%, at least
about 93%, at least about 94%, at least about 95%, at least about 96%, at least about 97%,
at least about 98%, or at least about 99% identical to SEQ ID NO:12 integrated between
the 3' end of the first target sequence for the first recombinase and the 5' end of another
enhancer or a promoter in the expression cassette. In some aspects, the expression vector
comprises a synthetic enhancer comprising the nucleic acid sequence of SEQ ID NO:12
integrated between the 3' end of the first target sequence for the first recombinase and the
5" end of another enhancer or a promoter in the expression cassette. In some aspects, the
synthetic enhancer comprises multiple contiguous copies of the nucleic acid sequence,
such as, for example, 1, 2, 3, 4, 5, or more contiguous copies. In some aspects, the

synthetic enhancer comprises 3 contiguous copies of the nucleic acid sequence. In some
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aspects, the synthetic enhancer comprises a nucleic acid sequence at least about 90%, at
least about 91%, at least about 92%, at least about 93%, at least about 94%, at least about
95%, at least about 96%, at least about 97%, at least about 98%, or at least about 99%
identical to SEQ ID NO:46. In some aspects, the synthetic enhancer comprises the nucleic
acid sequence of SEQ ID NO:46. In some aspects, the synthetic enhancer is integrated at
the 5' end of a chicken B-actin promoter. In some aspects, a chimeric intron comprising a
nucleic acid sequence at least about 90%, at least about 91%, at least about 92%, at least
about 93%, at least about 94%, at least about 95%, at least about 96%, at least about 97%,
at least about 98%, or at least about 99% identical to SEQ ID NO:47 is integrated at the 3'
end of the chicken f-actin promoter and 5' to the nucleic acid sequence of interest. In
some aspects, a chimeric intron comprising the nucleic acid sequence of SEQ ID NO:47
is integrated at the 3' end of the chicken B-actin promoter and 5' to the nucleic acid
sequence of interest.

[0150] In some aspects, the expression vector comprises a CMV enhancer integrated
between the 3' end of the first target sequence for the first recombinase and the 5' end of a
promoter in the expression cassette. In some aspects, the CMV enhancer is integrated at
the 3' end of a synthetic enhancer comprising a nucleic acid sequence at least about 90%,
at least about 91%, at least about 92%, at least about 93%, at least about 94%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% identical to SEQ ID NO:12. In some aspects, the CMV enhancer is integrated at the
3' end of a synthetic enhancer comprising the nucleic acid sequence of SEQ ID NO:12. In
some aspects, the CMV enhancer is integrated at the 3' end of multiple contiguous copies
of the synthetic enhancer, such as, for example, at the 3' end of 1, 2, 3, 4, 5, or more
contiguous copies of the synthetic enhancer. In some aspects, the CMV enhancer is
integrated at the 3' end of 3 contiguous copies of the synthetic enhancer. In some aspects,
the CMV enhancer is integrated at the 3' end of a nucleic acid sequence at least about
90%, at least about 91%, at least about 92%, at least about 93%, at least about 94%, at
least about 95%, at least about 96%, at least about 97%, at least about 98%, or at least
about 99% identical to SEQ ID NO:46. In some aspects, the CMV enhancer is integrated
at the 3' end of the nucleic acid sequence of SEQ ID NO:46. In some aspects, a CMV
promoter is integrated at the 3' end of the CMV enhancer and 5' to the nucleic acid

sequence of interest.
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[0151] In some aspects, the expression vector comprises a nucleic acid sequence at least
about 90%, at least about 91%, at least about 92%, at least about 93%, at least about 94%,
at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at least
about 99% identical to SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38,
or SEQ ID NO:39 integrated between the first target sequence for the first recombinase
and the nucleic acid sequence of interest. In some aspects, the expression vector
comprises the nucleic acid sequence of SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37,
SEQ ID NO:38, or SEQ ID NO:39 integrated between the first target sequence for the
first recombinase and the nucleic acid sequence of interest. In some aspects, a nucleic
acid sequence at least about 90%, at least about 91%, at least about 92%, at least about
93%, at least about 94%, at least about 95%, at least about 96%, at least about 97%, at
least about 98%, or at least about 99% identical to SEQ ID NO:35, SEQ ID NO:36, SEQ
ID NO:37, SEQ ID NO:38, or SEQ ID NO:39, or the nucleic acid sequence of SEQ ID
NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38, or SEQ ID NO:39, comprises
all regulatory elements in the expression cassette located 5' to the nucleic acid sequence
of interest.

[0152] In some aspects, the expression vector comprises a 5'UTR comprising an intron,
wherein the S'UTR (i.e., the 5'UTR comprising the intron) is integrated in the expression
cassette between a promoter and the nucleic acid sequence of interest.

[0153] In some aspects, the 5'UTR is for improving transgene transcript splicing and
translation from the expression vector or from a bacterial sequence-free vector produced
from the expression vector as compared to the same expression vector or bacterial
sequence-free vector, respectively, lacking the S'UTR.

[0154] In some aspects, the intron comprises a nucleic acid sequence at least about 90%,
at least about 91%, at least about 92%, at least about 93%, at least about 94%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% identical to SEQ ID NO:1. In some aspects, the intron comprises the nucleic acid
sequence of SEQ ID NO:1.

[0155] In some aspects, the 5'UTR comprises a nucleic acid sequence at least about 90%,
at least about 91%, at least about 92%, at least about 93%, at least about 94%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% identical to SEQ ID NO:2, which is an optimized S'UTR with an internal minimal
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intron, also referred to herein as "5S'UTR1." In some aspects, the S'UTR comprises the
nucleic acid sequence of SEQ ID NO:2.

[0156] In some aspects, the 5’UTR comprises a nucleic acid sequence at least about 90%,
at least about 91%, at least about 92%, at least about 93%, at least about 94%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% identical to SEQ ID NO:4. In some aspects, the S'UTR comprises the nucleic acid
sequence of SEQ ID NO:4.

[0157] In some aspects, the 5S'UTR further comprises a non-coding sequence integrated
within the intron.

[0158] In some aspects, the intron is at least about 90%, at least about 91%, at least about
92%, at least about 93%, at least about 94%, at least about 95%, at least about 96%, at
least about 97%, at least about 98%, or at least about 99% identical to SEQ ID NO:1, or
comprises SEQ ID NO:1, and the non-coding sequence is integrated between two of the
nucleotides in the intron corresponding to any two nucleotides from positions 25 to 55 of
SEQ ID NO:1.

[0159] In some aspects, the non-coding sequence is non-prokaryotic and non-viral. In
some aspects, the non-coding sequence is a eukaryotic sequence. In some aspects, the
non-coding sequence comprises an intron, a ubiquitous chromatin opening element
(UCOE), an S/MAR, an SV40 enhancer sequence (e.g., one or more than one SV40
enhancer sequences, such as two, three, four, five or more SV40 enhancer sequences), a
vertebrate chromatin insulator (e.g., cHS4), a WPRE, or any combination thereof.

[0160] In some aspects, the non-coding sequence comprises an S/MAR. In some aspects,
the S/MAR is MAR-5, provided herein as SEQ ID NO:9.

[0161] In some aspects, the 5'UTR comprises a nucleic acid sequence at least about 90%,
at least about 91%, at least about 92%, at least about 93%, at least about 94%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% identical to SEQ ID NO:3. In some aspects, the S'UTR comprises SEQ ID NO:3.

[0162] In some aspects, the 5'UTR comprises a nucleic acid sequence at least about 90%,
at least about 91%, at least about 92%, at least about 93%, at least about 94%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% identical to SEQ ID NO:5. In some aspects, the S'UTR comprises SEQ ID NO:5.
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In some aspects, the 5'UTR is integrated in the expression cassette between a
chicken B-actin promoter and the nucleic acid sequence of interest.

In some aspects, the 5'UTR is integrated in the expression cassette between a
CMYV promoter and the nucleic acid sequence of interest.

In some aspects, the 5'UTR is integrated in the expression cassette between a
promoter and the nucleic acid sequence of interest, wherein the promoter is integrated at
the 3' end of a CMYV enhancer. In some aspects, the CMV enhancer is integrated at the 3'
end of a synthetic enhancer comprising a nucleic acid sequence at least about 90%, at
least about 91%, at least about 92%, at least about 93%, at least about 94%, at least about
95%, at least about 96%, at least about 97%, at least about 98%, or at least about 99%
identical to SEQ ID NO:12. In some aspects, the CMV enhancer is integrated at the 3' end
of a synthetic enhancer comprising the nucleic acid sequence of SEQ ID NO:12. In some
aspects, the CMV enhancer is integrated at the 3' end of multiple contiguous copies of the
synthetic enhancer, such as, for example, at the 3' end of 1, 2, 3, 4, 5, or more contiguous
copies of the synthetic enhancer. In some aspects, the CMV enhancer is integrated at the
3" end of 3 contiguous copies of the synthetic enhancer. In some aspects, the CMV
enhancer is integrated at the 3' end of a nucleic acid sequence at least about 90%, at least
about 91%, at least about 92%, at least about 93%, at least about 94%, at least about 95%,
at least about 96%, at least about 97%, at least about 98%, or at least about 99% identical
to SEQ ID NO:46. In some aspects, the CMV enhancer is integrated at the 3' end of a
nucleic acid sequence of SEQ ID NO:46.

In some aspects, the expression vector comprises a polyadenylation signal
integrated at the 3' end of the nucleic acid sequence of interest. In some aspects, the
polyadenylation signal comprises a Xenopus leavis beta-globin polyadenylation signal, a
human beta-globin polyadenylation signal, or a hybrid Xenopus leavis and human beta-
globin polyadenylation signal. In some aspects, the polyadenylation signal comprises
multiple copies of a Xenopus leavis beta-globin polyadenylation signal, a human beta-
globin polyadenylation signal, or a hybrid Xenopus leavis and human beta-globin
polyadenylation signal, such as, for example, 1, 2, 3, 4, or 5 copies. In some aspects, the
polyadenylation signal comprises a nucleic acid sequence at least about 90%, at least
about 91%, at least about 92%, at least about 93%, at least about 94%, at least about 95%,
at least about 96%, at least about 97%, at least about 98%, or at least about 99% identical
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to SEQ ID NO:13, SEQ ID NO:14, or SEQ ID NO:15. In some aspects, the
polyadenylation signal comprises the nucleic acid sequence of SEQ ID NO:13, SEQ ID
NO:14, or SEQ ID NO:15. In some aspects, a polyadenylic acid tail (i.e., poly(A) tail is
located at the 3' end of the polyadentylation signal. In some aspects, the poly(A) tail is
100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117,
118, 119, 120, or more residues in length. In some aspects, the sequence comprising the
polyadenylation signal and the poly(A) tail is at least about 90%, at least about 91%, at
least about 92%, at least about 93%, at least about 94%, at least about 95%, at least about
96%, at least about 97%, at least about 98%, or at least about 99% identical to SEQ ID
NO:16, SEQ ID NO:17, or SEQ ID NO:18. In some aspects, the sequence comprising the
polyadenylation signal and the poly(A) tail comprises SEQ ID NO:16, SEQ ID NO:17, or
SEQ ID NO:18.

[0167] In some aspects, the expression vector comprises a vertebrate chromatin insulator
in the expression cassette. In some aspects, the vertebrate chromatin insulator is 5'-HS4
chicken-B-globin insulator (cHS4). See, e.g., Benabdellah ez al., PLoS ONE 9(1): e84268
(2014); Lu et al., FEBS Open Bio 10: 644-656 (2020); Hanawa et al., Mol. Ther. 17(4):
667-674 (2009); Walters et al., Mol. Cell. Biol. 19(5): 3714-3726 (1999). In some aspects,
the vertebrate chromatin insulator is integrated in the expression cassette between the
nucleic acid of interest and a polyadenylation signal as described herein. In some aspects,
the vertebrate chromatin insulator is integrated within the intron of a 5S'UTR as described
herein.

[0168] In some aspects, the vertebrate chromatin insulator comprises a nucleic acid
sequence at least about 90%, at least about 91%, at least about 92%, at least about 93%, at
least about 94%, at least about 95%, at least about 96%, at least about 97%, at least about
98%, or at least about 99% identical to SEQ ID NO:8. In some aspects, the vertebrate
chromatin insulator comprises SEQ ID NO:8.

[0169] In some aspects, the vertebrate chromatin insulator is for improving establishment
(i.e., transfection efficiency) of the expression vector or a bacterial sequence-free vector
produced from the expression vector as compared to the same expression vector or
bacterial sequence-free vector, respectively, without the vertebrate chromatin insulator.

[0170] In some aspects, the expression vector comprises a WPRE in the expression

cassette. See, e.g., Higashimoto et al., Gene Therapy 14: 1298-1304 (2007). In some
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aspects, the WPRE is integrated in the expression cassette between the nucleic acid of
interest and a polyadenylation signal as described herein. In some aspects, the WPRE is
integrated in the expression cassette at the 3' end of a S/MAR as described herein and the
5"end of a polyadenylation signal as described herein. In some aspects, the WPRE is
integrated within the intron of a 5'UTR as described herein.

[0171] In some aspects, the WPRE comprises a nucleic acid sequence at least about 90%,
at least about 91%, at least about 92%, at least about 93%, at least about 94%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% identical to SEQ ID NO:11. In some aspects, the WPRE comprises SEQ ID NO:11.

[0172] In some aspects, the WPRE improves expression of the transgene from the
expression vector or the bacterial sequence-free vector produced from the expression
vector as compared to the same expression vector or bacterial sequence-free vector,
respectively, lacking the WPRE.

[0173] In some aspects, the expression vector comprises a S/MAR in the expression
cassette. See, e.g., Martens et al., Mol. Cell. Biol. 22(8): 2598-2606 (2002); Narwade et
al., Nucleic Acids Res. 47(14): 7247-7261 (2019). In some aspects, the S/MAR is
integrated in the expression cassette between the nucleic acid of interest and a
polyadenylation signal. In some aspects, the S/MAR is integrated in the expression
cassette at the 3' end of a nucleic acid sequence of interest and the 5' end of a WPRE as
described herein. In some aspects, the S/MAR is integrated within the intron of a SUTR
as described herein.

[0174] In some aspects, the S/MAR is MAR-3, MAR-4, or MAR-5, which are fragments
of human beta-interferon MAR. See, e.g., Wang et al., Mol. Biol. Cell 30: 2761-2770
(2019). In some aspects, the S/MAR comprises a nucleic acid sequence at least about
90%, at least about 91%, at least about 92%, at least about 93%, at least about 94%, at
least about 95%, at least about 96%, at least about 97%, at least about 98%, or at least
about 99% identical to SEQ ID NO:9. In some aspects, the S/MAR comprises SEQ ID
NO:9.

[0175] In some aspects, the S/MAR is human cytotoxic serine protease-B (CSP-B) MAR
or CSP-C MAR. See, e.g., Hanson and Ley, Blood 79(3):610-618 (1992); Klein et al.,
Tissue Antigens 35(5):220-228 (1990). In some aspects, the S/MAR comprises a nucleic

acid sequence at least about 90%, at least about 91%, at least about 92%, at least about
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93%, at least about 94%, at least about 95%, at least about 96%, at least about 97%, at
least about 98%, or at least about 99% identical to SEQ ID NO:10. In some aspects, the
S/MAR comprises SEQ ID NO:10.

[0176] In some aspects, the S/MAR is for improving expression levels, stability, and/or
durability (e.g., by episomal maintenance and replication, such as expansion and partition
of the vector to daughter cells, and/or by preventing epigenetic silencing) of the
expression vector or a bacterial sequence-free vector (produced from the expression
vector as compared to the same expression vector or bacterial sequence-free vector,
respectively, lacking the S/MAR.

[0177] In some aspects, the expression vector comprising any one of more of (c)(i)-
(c)(vii) as described above (i.e., without a DTS) further comprises an enhancer sequence
flanking each side of the first and second target sequences for the first recombinase. In
some aspects, the enhancer sequence flanking each side of the first and second target
sequences for the first recombinase is at least two enhancer sequences flanking each side
of the first and second target sequences for the first recombinase. In some aspects, the
enhancer sequence is a SV40 enhancer sequence.

[0178] In some aspects, the expression vector comprises a DTS. In some aspects, the
DTS is integrated within the first and/or second target sequences for the first recombinase
in non-binding regions for the first recombinase and the one or more additional
recombinases, wherein the DTS is between the expression cassette and cleavage sites for
the first recombinase and the one or more additional recombinases. In some aspects, the
DTS is a SV40 enhancer sequence. In some aspects, the DTS is cell-specific. In some
aspects, the DTS is specific for smooth muscle cells, embryonic stem cells, type II
pneumonocytes, endothelial cells, or osteoblasts.

[0179] The location of the DTS between the expression cassette and cleavage sites for the
recombinases in the expression vector ensures that the DTS remains associated with the
bacterial sequence-free vector, and not the backbone sequence, following recombination
as described herein.

[0180] In some aspects, the expression vector comprises a UCOE in the expression
cassette. See, e.g., Miller-Kuller et al., Nucleic Acids Res. 43(3): 1577-1592 (2015);
Skipper ef al., BMC Biotechnol. 19:75 (2019); Rudina et al., bioRxiv,
doi.org/10.1101/626713 (2019); Neville et al., Biotechnol. Adv. 35(5): 557-564 (2017). In
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some aspects, the UCOE is located between the 3' end of the first target sequence for the
first recombinase and the 5' end of a promoter or any enhancer in the expression cassette.
In some aspects, the UCOE is integrated within the intron of a 5'UTR as described herein.

In some aspects, the UCOE is A2UCOE. In some aspects, the UCOE comprises a
nucleic acid sequence at least about 90%, at least about 91%, at least about 92%, at least
about 93%, at least about 94%, at least about 95%, at least about 96%, at least about 97%,
at least about 98%, or at least about 99% identical to SEQ ID NO:6. In some aspects, the
UCOE is SEQ ID NO:6.

In some aspects, the UCOE is SRF-UCOE. See, e.g., International Publication No.
W02020223160. In some aspects, the UCOE comprises a nucleic acid sequence at least
about 90%, at least about 91%, at least about 92%, at least about 93%, at least about 94%,
at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at least
about 99% identical to SEQ ID NO:7. In some aspects, the UCOE is SEQ ID NO:7.

In some aspects, the UCOE improves expression of the transgene from the
expression vector or a bacterial sequence-free vector produced from the expression vector
as compared to the same expression vector or bacterial sequence-free vector, respectively,
lacking the UCOE.

In some aspects, the expression vector comprises Enhancer-1 in the expression
cassette. In some aspects, Enhancer-1 is integrated between the 3' end of the first target
sequence for the first recombinase and the 5' end of a promoter or any other enhancer in
the expression cassette. In some aspects, Enhancer-1 is integrated between the 3' end of a
UCOE and the 5' end of a CMV enhancer. In some aspects, Enhancer-1 comprises a
nucleic acid sequence at least about 90%, at least about 91%, at least about 92%, at least
about 93%, at least about 94%, at least about 95%, at least about 96%, at least about 97%,
at least about 98%, or at least about 99% identical to SEQ ID NO:12. In some aspects,
Enhancer-1 is SEQ ID NO:12.

In some aspects, the expression vector comprises a CMV, EF1, SV40, CAG, Rho,
VDM2, HCR, or HLP promoter, or variant thereof, in the expression cassette. In some
aspects, the expression vector comprises a CMV promoter variant in the expression
cassette. See, e.g., International Publication No. W02012099540; Xu et al.,
Bioengineered 10(1): 548-560, DOI: 10.1080/21655979.2019.1684863 (2019).
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[0186] In some aspects, the expression vector comprises an EF 1-alpha promoter in the
expression cassette. In some aspects, the expression vector comprises a CMV enhancer
and an EF 1-alpha promoter in the expression cassette.

[0187] In some aspects, the expression vector comprises a 3'UTR in the expression
cassette comprising two copies of a beta-globin polyadenylation signal. In some aspects,
the 3'UTR is integrated between the nucleic acid sequence of interest and the 5' end of the
second target sequence for the first recombinase.

[0188] In some aspects, the 3'UTR comprises two copies of a Xenopus laevis beta-globin
polyadenylation signal. In some aspects, the 3'UTR comprises a nucleic acid sequence at
least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about
94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at
least about 99% identical to SEQ ID NO:13. In some aspects, the 3'UTR is SEQ ID
NO:13.

[0189] In some aspects, the 3'UTR comprises two copies of a human beta-globin
polyadenylation signal. In some aspects, the 3'UTR comprises a nucleic acid sequence at
least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about
94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at
least about 99% identical to SEQ ID NO:14. In some aspects, the 3'UTR is SEQ ID
NO:14.

[0190] In some aspects, the 3'UTR comprises one copy of a Xenopus laevis beta-globin
polyadenylation signal and one copy of a human beta-globin polyadenylation signal. In
some aspects, the 3'UTR comprises a nucleic acid sequence at least about 90%, at least
about 91%, at least about 92%, at least about 93%, at least about 94%, at least about 95%,
at least about 96%, at least about 97%, at least about 98%, or at least about 99% identical
to SEQ ID NO:15. In some aspects, the 3'UTR is SEQ ID NO:15.

[0191] In some aspects, the 3'UTR further comprises a poly(A) tail (i.e., at the 3' end of
the 3'UTR) comprising 100 to 120 adenine nucleotides, i.e., 100, 101, 102, 103, 104, 105,
106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, or 120 adenine
nucleotides.

[0192] In some aspects, the 3'UTR comprises a nucleic acid sequence at least about 90%,

at least about 91%, at least about 92%, at least about 93%, at least about 94%, at least
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about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% identical to SEQ ID NO:16. In some aspects, the 3'UTR is SEQ ID NO:16.

[0193] In some aspects, the 3'UTR comprises a nucleic acid sequence at least about 90%,
at least about 91%, at least about 92%, at least about 93%, at least about 94%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% identical to SEQ ID NO:17. In some aspects, the 3'UTR is SEQ ID NO:17.

[0194] In some aspects, the 3'UTR comprises a nucleic acid sequence at least about 90%,
at least about 91%, at least about 92%, at least about 93%, at least about 94%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% identical to SEQ ID NO:18. In some aspects, the 3'UTR is SEQ ID NO:18.

[0195] The expression vector can contain any combination of the above modifications to
the first and/or second target sequences and/or the expression cassette as described herein.
In some aspects, the combination provides a synergistic effect.

[0196] In some aspects, the first and second target sequences for the first recombinase
and the one or more additional target sequences for the one or more additional
recombinases are selected from the group consisting of the PY54 pal site, the N15 telRL
site, the 10xP site, K02 telRL site, the FRT site, the phiC31 attP site, and the A attP site.
In some aspects, the expression vector comprises each of the target sequences. In some
aspects, the expression vector comprises the pal site and the telRL, loxP, and FRT
recombinase target binding sequences integrated within the pal site. In some aspects, the
first and second target sequences for the first recombinase each comprise the nucleic acid
sequence of SEQ ID NO:33.

[0197] In some aspects, the nucleic acid sequence of interest in any of the expression
cassettes described herein comprises a sequence encoding: a polypeptide, an RNA
(messenger RNA (mRNA), micro-RNA (miRNA), small interfering RNA (siRNA), small
hairpin RNA (shRNA), ribozyme, or antisense RNA), or a non-coding DNA (e.g., an
antisense oligonucleotide). In some aspects, the nucleic acid sequence of interest is a
genomic DNA sequence comprising introns and/or exons. In some aspects, the nucleic
acid sequence of interest comprises a sequence encoding: an anti-cancer agent, a tumor
suppressor, an apoptotic agent, an anti-angiogenesis agent, an enzyme, a cytotoxic agent,
a suicide gene, a cytokine, an interferon, an interleukin, an immunomodulatory agent, an

immunostimulatory agent, an immunoinhibitory agent, a chemokine, an antigen for
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stimulating an antigen-presenting cell, an antibody (e.g., a heavy chain and/or a light
chain of an antibody, such as a monoclonal, chimeric, humanized, or human antibody, or
an antigen-binding fragment thereof), a genome editing system or a portion thereof (e.g.,
CRISPR-Cas, TALEN, ZFN, or meganuclease systems or portions thereof, such as a Cas
endonuclease or a gRNA), or an immunogenic agent (e.g., as a VLP and/or vaccine). In
some aspects, the nucleic acid sequence of interest comprises sequences encoding
polypeptides that are capable of forming a VLP when the nucleic acid sequence is
expressed intracellularly.

[0198] Exemplary therapeutic targets and indications include: a gene associated with a
monogenic disorder, including, for example, a liver, blood, or eye disorder, galactosidase
alpha (GLA, e.g., for treating Fabry disease), sodium voltage-gated channel alpha subunit
1 (SCNI1A, e.g., for treating dravet syndrome), ATP binding cassette subfamily A
member 4 (ABCAA4, e.g., for treating Stargardt disease), surfactant protein B (SP-B, e.g.,
for treating surfactant dysfunction disorder), surfactant protein C (SP-C, e.g., for treating
surfactant dysfunction disorder), ATP-binding cassette sub-family A member 3 (ABCA3,
e.g., for treating surfactant dysfunction disorder), solute carrier family 34 member 2
(SLC34A2, e.g., for treating pulmonary alveolar microlithiasis and/or testicular
microlithiasis), cystic fibrosis transmembrane conductance regulator (CFTR, e.g., for
treating cystic fibrosis), glutamate decarboxylase (GAD, e.g., GAD65 or GADG67, e.g., for
treating Parkinson's disease), aspartoacylase gene (ASPA, also known as aminoacylase
(AAC), e.g., for treating Canavan disease), aromatic L-amino acid decarboxylase
(AADC, e.g., for treating Parkinson's disease and/or for treating AADC deficiency),
neurturin (NRTN, e.g., for treating Parkinson's disease), glial cell line-derived
neurotrophic factor (GDNF, e.g., for treating Parkinson's disease), nerve growth factor
(NGF, e.g., for treating Alzheimer's disease), tripeptidyl peptidase I (TPP1, also known as
ceroid lipofuscinosis neuronal-2 (CLN2), e.g., for treating Batten disease, e.g., CLN2
disease), arylsulfatase A (ARSA, e.g., for treating metachromatic leukodystrophy), N-
sulphoglucosamine sulphohydrolase (SGSH, e.g., for treating Sanfilippo syndrome, Type
A), Sulfatase-modifying factor 1 (SUMF1, e.g., for treating Sanfilippo syndrome, Type
A), N-acetyl-alpha-glucosaminidase (NAGLU, e.g., for treating Sanfilippo syndrome,
Type B), survival of motor neuron 1 (SMNI1, e.g., for treating spinal muscular atrophy 1),

retinal pigment epithelium-specific 65 kDa protein (RPE65, also known as retinoid
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isomerohydrolase, e.g., for treating Leber's congenital amaurosis), Rab escort protein 1
(REP1, e.g., for treating choroideremia), retinoschisin 1 (RS1, e.g., for treating X-linked
juvenile retinoschisis), alpha-1 antitrypsin (AAT, e.g., for treating hereditary emphysema
or AAT deficiency), minidystrophin (e.g., for treating Duchenne’s muscular dystrophy),
a-sarcoglycan (aSG, e.g., for treating Duchenne’s muscular dystrophy or limb girdle
muscular dystrophy type 2), B-sarcoglycan (BSG), y-sarcoglycan (ySG, e.g., for treating
limb girdle muscular dystrophy type 2), 6-sarcoglycan (ySG), ipoprotein lipase (LPL, e.g.,
for treating familial LPL deficiency), acid alpha-glucosidase (GAA, e.g., for treating
Pompe disease), tumor necrosis factor receptor:Fc (TNFR:Fc, e.g., for treating arthritis,
e.g., inflammatory arthritis), sarcoplasmic/endoplasmic reticulum Ca(2+)ATPase 2a
(SERCA2a, e.g., for treating congestive heart failure), Factor VIII or Factor IX (FVIII or
FIX, e.g., for treating hemophilia B), porphobilinogen deaminase gene (PBGD, e.g., for
treating acute intermittent porphyria), soluble fms-like tyrosine kinase-1 (sFLT1, e.g., for
treating age-related macular degeneration or cancer, e.g., ovarian cancer), a soluble
chimeric vascular endothelial growth factor (VEGF) receptor comprising domains of
VEGFR-1 and VEGF-R2 (e.g., for treating cancer, e.g., melanoma or colon cancer),
soluble VEGFR3 (e.g., for treating cancer, e.g., endometrial cancer), a soluble VEGF-C
decoy receptor (sVEGFR3-Fc, e.g., for treating cancer, e.g., melanoma, renal cell
carcinoma, or prostate cancer), pigment epithelium-derived growth factor (PEDF, e.g., for
treating cancer, e.g., Lewis lung carcinoma), a neutralizing monoclonal antibody against
VEGFR?2 (e.g., DC101, e.g., for treating cancer, e.g., melanoma or glioblastoma),
endostatin (e.g., for treating cancer, e.g., bladder or pancreatic cancer), angiostatin (e.g.,
for treating cancer, e.g., liver cancer), both endostatin and angiostatin (i.e., as a bicistronic
sequence, e.g., for treating cancer, e.g., ovarian or prostate cancer), an endostatin mutant
(i.e., P1254A-endostatin, e.g., for treating cancer, e.g., ovarian cancer), antiangiogenic
domain of TSP-1 (3TSR, e.g., for treating cancer, e.g., pancreatic cancer), tissue factor
pathway inhibitor-2 (TFPI-2, e.g., for treating cancer, e.g., glioblastoma), a fragment of
plasminogen (e.g., kringle 5, e.g., for treating cancer, e.g., ovarian cancer), plasminogen
kringle 1-5 (e.g., for treating cancer, e.g., melanoma or lung cancer), siRNA against an
unfolded protein response protein (UPR; e.g., IREla, XBP-1, or ATF6, e.g., for treating
cancer, e.g., breast cancer), vasostatin (e.g., for treating cancer, e.g., lung cancer), herpes

simplex virus type 1 thymidine kinase (HSV-TK, e.g., for treating cancer, e.g., breast
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cancer), sc39TK (e.g., for treating cancer, e.g., cervical cancer), diphtheria toxin A (DTA,
e.g., for treating cancer, e.g., cervical cancer or myeloma), p53 upregulated modulator of
apoptosis (PUMA, e.g., for treating cancer, e.g., cervical cancer or myeloma), tumor
necrosis factor (TNF)-related apoptosis-inducing ligand (TRAIL, e.g., for treating cancer,
e.g., lymphoma, hepatocellular carcinoma, head and neck squamous cell carcinoma (i.e.,
head and neck cancer), or glioblastoma), soluble TRAIL (e.g., for treating cancer, e.g.,
liver cancer or lung adenocarcinoma), IFN-f (e.g., for treating cancer, e.g., colorectal
cancer, lung cancer, neuroblastoma, or glioblastoma multiforme), IFN-a (e.g., for treating
cancer, e.g., metastatic melanoma), a CD-40 ligand (CD40L) or CD40L mutant (e.g., for
treating cancer, e.g., lung cancer), melanoma differentiation-associated gene-7 and
interleukin 24 (mda-7 and IL.24, e.g., for treating cancer, e.g., Ehrlich ascites tumor),
apoptotin and IL24 (e.g., for treating cancer, e.g., liver cancer), [L24 (e.g., for treating
cancer, e.g., mixed-lineage leukemia (MLL)/AF4 positive acute lymphoblastic leukemia
(ALL)), IL15 (e.g., for treating cancer, e.g., metastatic hepatocellular carcinoma),
secondary lymphoid tissue chemokine (SLC, e.g., for treating cancer, e.g., liver cancer),
Nk4 (the N-terminal hairpin and subsequent four kringle domains of hepatocyte growth
factor (HGF), e.g., for treating cancer, e.g., metastatic Lewis lung carcinoma), tumor
necrosis factor superfamily member 14 (TNFSF14, also known as LIGHT, e.g., for
treating cancer, e.g., cervical cancer), Granulocyte-macrophage colony-stimulating factor
(GM-CSF, e.g., for treating cancer), TNF-a (e.g., for treating cancer, e.g., glioma), a
dominant negative mutant of survivin (e.g., C84A or T34A, e.g., for treating cancer, e.g.,
colon or gastric cancer), the C-terminal fragment of the human telomerase reverse
transcriptase (WTERTC27, e.g., for treating cancer, e.g., glioblastoma multiforme),
maspin (e.g., for treating cancer, e.g., prostate cancer), nm23H1 (e.g., for treating cancer,
e.g., metastatic ovarian cancer), kringle 1 domain of human hepatocyte growth factor
(HGFK1, e.g., for treating cancer, e.g., colorectal carcinoma), anti-calcitonin ribozyme
(e.g., for treating cancer, e.g., prostate cancer), eukaryotic translation initiation factor 4E-
binding protein 1 (4EBP1, e.g., for treating cancer, e.g., lung cancer), C-X-C motif
chemokine receptor 2 (CXCR2) C-tail sequence (e.g., for treating cancer, e.g., pancreatic
cancer), alpha-tocopherol-associated protein (TAP, e.g., for treating cancer, e.g., prostate
cancer), trichosanthin (e.g., for treating cancer, e.g., hepatocellular carcinoma), decorin

(e.g., for treating cancer, e.g., glioblastoma multiforme), cathelicidin (e.g., for treating
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cancer, e.g., colon cancer), Niemann-Pcik type C2 (NPC2, e.g., for treating cancer, e.g.,
hepatocellular carcinoma), Mullerian inhibiting substance (MIS, e.g., for treating cancer,
e.g., ovarian cancer), p53 (e.g., for treating cancer, e.g., bronchioalveolar cancer), sSiRNA
against highly expressed in cancer 1 (Hecl, e.g., for treating cancer, e.g., glioma), shRNA
against Epstein-Barr virus latent membrane protein-1 (EBV LMP-1, e.g., for treating
cancer, e.g., nasopharyngeal cancer), anti-sense RNA against human papilloma virus 16
E7 oncogene (HPV16-E7, e.g., for treating cancer, e.g., cervical cancer), ShRNA against
androgen receptor (AR, e.g., for treating cancer, e.g., prostate cancer), siRNA against
Snail (also known as SNAI, e.g., for treating cancer, e.g., pancreatic cancer), siRNA
against Slug (i.e., the protein product of SNAI2, e.g., for treating cancer, e.g.,
cholangiocarcinoma (liver cancer)), shRNA against Four and a half LIM-only protein 2
(FHL2, e.g., for treating cancer, e.g., colon cancer), miR-26a (e.g., for treating cancer,
e.g., hepatocellular carcinoma), HPV 16 structural protein L1 (HPV16-L1, e.g., for
treating cancer, e.g., cervical cancer), HPV 16 ES5, E6, and E7 oncogenes (HPV16
ES/E6/ET, e.g., for treating cancer, e.g., cervical cancer), B-cell leukemia/lymphoma 1
(BLC1) idiotype (e.g., for treating cancer, e.g., B cell leukemia/lymphoma 1), EBV
LMP1 and LMP2 fused to heat shock protein (EBV LMP2/1-hsp, e.g., for treating cancer,
e.g., nasopharyngeal carcinoma), carcinoembryonic antigen (CEA, e.g., for treating
cancer, e.g., colon cancer), soluble form of B and T lymphocyte attenuator in combination
with a heat shock protein (BTLA and HSP70, e.g., for treating cancer, e.g., melanoma
pulmonary metastasis), HPV16-L1/E7 (e.g., for treating cancer, e.g., cervical cancer),
HPV16-L1 (e.g., for treating cancer, e.g., cervical cancer), an anti-EGFR antibody (e.g.,
14D1, e.g., for treating cancer, e.g., vulvar carcinoma), an anti-death receptor 5 (DRS)
antibody (e.g., adximab, e.g., for treating cancer, e.g., liver or colon cancer), an anti-
Enolase 1 (ENOI1) antibody (e.g., for treating cancer, e.g., pancreatic ductal
adenocarcinoma), an anti-VEGFA antibody (e.g., bevacizumab, e.g., for treating cancer,
e.g., metastatic lung cancer or ovarian cancer), the Mucin 1 (MUC1) antigen (e.g., for
treating cancer, e.g., gastric cancer), or an aquaporin (e.g., hAQP1, e.g., for treating
irradiation induced parotid salivary hypofunction, i.e., xerostomia).

[0199] In some aspects, the nucleic acid sequence of interest is for use in gene editing

(e.g., gene therapy, including treatment of a genetic deficiency, disorder, or disease).
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[0200] In some aspects, the nucleic acid sequence of interest is for insertion into a target
site for gene editing (i.e., a site within a DNA or RNA sequence that is the target of gene
editing). A target site for gene editing includes any genetic element, such as any cis
element. In some aspects, the target site for gene editing is located within an exon of a
gene, an intron of a gene, or a regulatory element of a gene.

[0201] In some aspects, the gene editing comprises an endonuclease. In some aspects, the
endonuclease is associated with a genome editing system. In some aspects, the
endonuclease is, for example, a homing endonuclease, a site-specific nuclease, a
structure-guided nuclease, or an RNA-guided nuclease (e.g., a transposon-encoded RNA-
guided nuclease).

[0202] In some aspects, the gene editing comprises a genome editing system that
produces a double-strand break within the target site for gene editing. In some aspects, the
genome editing system is a CRISPR-Cas, TALEN, ZFN, or meganuclease gene editing
system.

[0203] In some aspects, the nucleic acid sequence of interest is inserted into the target site
for gene editing by non-homologous end joining at the double-strand break. In some
aspects, the double-strand break is produced by a CRISPR-Cas system. In some aspects,
an expression vector as described herein comprises a Cas endonuclease target sequence
(i.e., a sequence homologous to a gRNA targeting sequence) located between the first and
second target sequences for the first recombinase and the nucleic acid sequence of interest
(i.e., between the 5' Super Sequence and the nucleic acid sequence of interest and
between the 3' Super Sequence and the nucleic acid sequence of interest), wherein the
target site for gene editing (e.g., a target site in a chromosome) comprises the same Cas
endonuclease target sequence. For example, processing of the Cas endonuclease target
sequences flanking the nucleic acid sequence in a bacterial sequence-free vector (e.g.,
msDNA) produced from the expression vector results in removal of the Super Sequences,
rendering a linear covalently closed bacterial sequence-free vector such as msDNA to
instead be linear and open-ended, with reactive ends that are amenable to non-
homologous end-joining events.

[0204] In some aspects, the nucleic acid sequence of interest is inserted into the target site

for gene editing by homology-directed repair, which occurs through recombination
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between sequences flanking the double-strand break and homologous sequences
associated with the nucleic acid sequence of interest.

[0205] In some aspects, the nucleic acid sequence of interest has sufficient homology
with sequences flanking the double-strand break to support homology-directed repair.

[0206] In some aspects, the nucleic acid sequence of interest is flanked by 5” and 3’
homology arms (i.e., sequences that have sufficient homology with sequences flanking
the double-strand break to mediate homology-directed repair).

[0207] In some aspects, sufficient homology to mediate homology-directed repair
comprises at least about 70%, at least about 75%, at least about 80%, at least about 85%,
at least about 90%, at least about 95%, or about 100% homology between the nucleic acid
sequence of interest and the sequences flanking the double-strand break or between
homology arms flanking the nucleic acid sequence of interest and the sequences flanking
the double-strand break. In some aspects, a sequence flanking the double-strand break is
within about 100 bases, about 90 bases, about 80 bases, about 70 bases, about 60 bases,
about 50 bases, about 45 bases, about 40 bases, about 35 bases, about 30 bases, about 25
bases, about 20 bases, about 15 bases, about 10 bases, or about 5 bases of the double-
strand break, or immediately flanks the double-strand break.

[0208] In some aspects, the homology-directed repair is by a CRISPR-Cas system. In
some aspects, an expression vector as described herein comprises the CRISPR-Cas
system. In some aspects, the expression vector comprises a tRNA-gRNA polycistron
flanking each side of a sequence encoding a Cas endonuclease (e.g., an immunosilenced
Cas9-2). An exemplary aspect is shown in Figure 49. In some aspects, the expression
vector comprises a 5S'UTR (e.g., 5'UTR1) as described herein comprising the tRNA-
gRNA polycistron in an intron. In some aspects, the expression vector comprises a
chimeric intron as described herein comprising the tRNA-gRNA polycistron. In some
aspects, an EF1-alpha promoter as described herein comprises the tRNA-gRNA
polycistron in an inherent intron. In some aspects, a polyadenylation signal or 3'UTR as
described herein comprises a tRNA-gRNA polycistron. For example, upon expression of
a Cas endonuclease from the vector (i.e., from the expression vector or bacterial
sequence-free vector (e.g., msDNA)) comprising the flanking tRNA-gRNA polycistrons,
the gRNA is excised as free RNA and targets the Cas endonuclease to the target site for

gene editing (e.g., a target site in a chromosome) as well as the flanking gRNA sites on
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the vector. This results in self-restriction of the Cas endonuclease from the vector, which
limits further expression of the Cas endonuclease. A schematic of this process is shown in
Figure 50, which also shows mediation of homology-directed repair with a nucleic acid
of interest (i.e., gene of interest, GOI) flanked by homology arms on a separate vector. In
some aspects, an expression vector as described herein comprises the nucleic acid
sequence of interest flanked by homology arms as shown, for example, in Scenario 1 of
Figure 51. In some aspects, a nucleic acid sequence of interest and a self-restricting
CRISPR-Cas system as described herein are located on a single expression vector as
described herein as shown in Scenario 2 of Figure 51. In the latter aspects, the sequences
comprising the self-restricting CRISPR-Cas system are located 5' to the sequence
comprising the nucleic acid sequence of interest flanked by homology arms.

[0209] In some aspects, the nucleic acid sequence of interest is homologous to the target
site for gene editing and comprises one or more nucleotide insertions, deletions,
inversions, or rearrangements as compared to the target site. In some aspects, the nucleic
acid of interest is a genomic sequence, a coding region, an exon, an intron, or any portion
thereof that replaces a homologous sequence at the target site.

[0210] In some aspects, the nucleic acid sequence of interest is non-homologous to the
target site for gene editing.

[0211] In some aspects, the nucleic acid sequence of interest restores a missing function,
corrects an abnormal function, or provides an additional function associated with the
target site for gene editing.

[0212] In some aspects, the nucleic acid sequence of interest is for knockout of gene

expression associated with a target site for gene editing (7.e., gene silencing).

[0213] In some aspects, the nucleic acid sequence of interest is for in vivo gene editing.
[0214] In some aspects, the nucleic acid sequence of interest is for in vitro gene editing.
[0215] In some aspects, the nucleic acid sequence of interest is for ex vivo gene editing

(e.g., cell therapy, such as chimeric antigen receptor (CAR) T cell therapy).

[0216] In some aspects, the gene editing comprises an epigenetic modification, and an
expression vector as described herein comprises an epigenetic effector molecule as the
nucleic acid of interest. In some aspects, the epigenetic effector molecule mediates, for
example, acetylation or deacetylation, methylation or demethylation, or phosphorylation

or dephosphorylation. In some aspects, the epigenetic effector molecule inhibits
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acetylation or deacetylation, methylation or demethylation, or phosphorylation or
dephosphorylation. In some aspects, the epigenetic modification is a histone modification.
In some aspects, the histone modification is histone acetylation and the nucleic acid of
interest is a histone acetyltransferase. In some aspects, the histone modification is histone
deacetylation and the nucleic acid of interest is a histone deacetylase. In some aspects, the
epigenetic modification is a DNA modification. In some aspects, the DNA modification is
DNA methylation and the nucleic acid of interest is a DNA methylase. In some aspects,
the DNA modification is DNA demethylation and the nucleic acid of interest is a DNA
demethylase. In some aspects, the epigenetic effector molecule is fused to a targeting
molecule, such as a DNA-binding molecule to target the effector to a location on the
chromosome.

[0217] In some aspects, the expression cassette is polygenic, i.e., the expression cassette
comprises two or more nucleic acid sequences of interest encoding two or more
polypeptides, respectively.

[0218] In some aspects, the expression cassette comprises a single open reading frame
comprising a nucleic acid sequence encoding a self-cleaving peptide between each
nucleic acid sequence encoding a polypeptide, such that the translation product of the
expression cassette is cleaved intracellularly into two or more polypeptides. In some
aspects, the self-cleaving peptide is a 2A self-cleaving peptide. In some aspects, the 2A
self-cleaving peptide is P2A from porcine teschovirus-1. In some aspects, the 2A self-
cleaving peptide is T2A from thosea asigna virus 2A. In some aspects, the self-cleaving
peptide comprises any one or more of 2A, P2A, and T2A. In some aspects, the self-
cleaving peptide comprises P2A and T2A.

[0219] In some aspects, the expression cassette further comprises a nucleic acid sequence
encoding a marker for gene expression. In some aspects, the marker for gene expression
is a fluorescent reporter gene, such as green fluorescent protein (GFP, e.g., enhanced GFP
(eGFP)), red fluorescent protein (RFP), yellow fluorescent protein (YFP), or near-infrared
fluorescent protein (iRFP); a bioluminescent reporter genes such as luciferase (e.g.,
nanoluciferase, i.e., NanoLuc® (NLuc), England ef al., Bioconjug. Chem. 27(5):1175-
1187 (2016), Promega Corporation); a selectable antibiotic marker; or LacZ. In some

aspects, the expression cassette comprises a nucleic acid sequence encoding a self-
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cleaving peptide between the nucleic acid sequence encoding a marker for gene
expression and any other nucleic acid sequence encoding a polypeptide.

[0220] The expression cassette can contain any expression control region known to those
of skill in the art operably linked to the nucleic acid sequence(s) of interest. In some
aspects, the expression control region is a promoter, enhancer, operator, repressor,
ribosome binding site, translation leader sequence, intron, polyadenylation recognition
sequence, RNA processing site, effector binding site, stem-loop structure, transcription
termination signal, or a combination thereof.

[0221] In some aspects, the expression vector is for producing a bacterial sequence-free
vector. In some aspects, the bacterial sequence-free vector is a circular covalently closed
vector. In some aspects, the bacterial sequence-free vector is a linear covalently closed

vector.

B. Vector production systems

[0222] Provided herein is a vector production system comprising recombinant cells
encoding a recombinase under the control of an inducible promoter, wherein the
recombinant cells comprise an expression vector as described herein that contains first
and second target sequences for a first recombinase and one or more additional target
sequences for one or more additional recombinases, and wherein the recombinase targets
the first and second target sequences for the first recombinase or one of the one or more
additional target sequences for the one or more additional recombinases.

[0223] Suitable host cells for use in the vector production system include microbial cells,
for example, bacterial cells such as F. coli cells, and yeast cells such as S. cerevisiae.
Mammalian host cells can also be used, including Chinese hamster ovary (CHO) cells
(e.g., the K1 lineage (ATCC CCL 61) or the Pro5 variant (ATCC CRL 1281)); fibroblast-
like cells derived from SV40-transformed African Green monkey kidney of the CV-1
lineage (ATCC CCL 70), of the COS-1 lineage (ATCC CRL 1650), or of the COS-7
lineage (ATCC CRL 1651, murine L-cells; murine 3T3 cells (ATCC CRL 1658);, murine
C127 cells; human embryonic kidney cells of the 293 lineage (ATCC CRL 1573); human
carcinoma cells including those of the HeLa lineage (ATCC CCL 2); and neuroblastoma
cells of the lines IMR-32 (ATCC CCL 127), SK-N-MC (ATCC HTB 10), or SK-N-SH
(ATCC HTB 11).
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Suitable recombinases catalyze DNA exchange at a target sequence for a
recombinase as described herein including, but not limited to, TeIN, Tel, Tel (gp26 K02
phage), Cre, Flp, phiC31, Int, and other lambdoid phage integrases, e.g. phi 80, HK022
and HP1 recombinases. In some aspects, the recombinase is TelN, Tel, Cre, or Flp.

In some aspects, the recombinant cells further encode an endonuclease under the
control of an inducible promoter, wherein the endonuclease targets an endonuclease target
sequence in the expression vector.

Suitable endonucleases cleave polynucleotides at the endonuclease target
sequence. In some aspects, the endonuclease is a homing endonuclease. In some aspects,
the homing endonuclease is I-Anil, I-Ceul, I-Chul, I-Cpal, I-Cpall, I-Crel, I-Dmol, H-
Drel, I-Hmul, I-Hmull, I-Llal, I-Msol, PI-Pful, PI-Pkoll, I-Porl, I-Ppol, PI-Pspl, I-Scal,
I-Scel, PI-Scel, I-Scell, I-SecllIl, I-ScelV, I-SceV, 1-SceVI, I-SceVII, 1-Ssp68031, I-TevI,
[-Tevll, I-TevIIl, PI-Tll, PI-THIL, I-Tsp0611, or I-Vdi1411. In some aspects, the
endonuclease is I-Scel. In some aspects, the endonuclease is PI-Scel. In some aspects, the
recombinant cells encode a nuclease genome editing system comprising the
endonuclease. In some aspects, the genome editing system is a CRISPR-Cas, a TALEN, a
ZFN, or a meganuclease system. In some aspects, the nuclease genome editing system is
a Class 1 or a Class 2 CRISPR-Cas system. In some aspects, the nuclease genome editing
system is Type L, I, IIL, IV, V, or VI CRISPR-Cas system. In some aspects, the Cas
endonuclease in the CRISPR-Cas system is Cas9 (e.g., a SpCas9, a SaCas9, a FnCas9, or
a NmCas9), a Cas9 variant (e.g., CasPp9, xCas9, SpCas9-NG, SpCas9-NRRH, SpCas9-
NRCH, SpCas9-NRTH, SpG, SpRY), Cas3, Casl2 (e.g., Cas12a, Casl2b, Casl2c,
Cas12d, or Casl2e), Cas13 (e.g., Cas13a, Cas13b, Casl3c, or Cas13d), or Casl4.

Recombinant host cells encoding a recombinase, or a recombinase and an
endonuclease, are prepared using well-known techniques. For example, a nucleic acid
sequence encoding a selected recombinase or endonuclease is introduced into the cell
using a suitable vector under appropriate conditions for cell transformation. The
recombinant host cells can be transformed via an expression vector, or by integration of a
recombinase-encoding and/or endonuclease-encoding nucleic acid sequence into the host
cell genome. In aspects where the endonuclease is associated with a nuclease genome
editing system, the host cell can be designed to encode all of the components of the

nuclease genome editing system, either by transformation of the host cell with one or
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more expression vectors comprising all of the components, by integration of all of the
components into the host cell genome, or by a mixture of transformation and integration
of the components. In some aspects, the host cell encodes a Cas or Cas-like endonuclease
and a gRNA.

[0228] Expression of the recombinase or endonuclease, including an endonuclease of a
nuclease genome editing system, is under the control of an inducible promoter, i.e., a
promoter which is activated under a particular physical or chemical condition or stimulus.
In some aspects, the inducible promoter is thermally-regulated, chemically-regulated,
IPTG regulated, glucose-regulated, arabinose inducible, T7 polymerase regulated, cold-
shock inducible, pH inducible, or combinations thereof.

[0229] Provided herein is a recombinant cell comprising an expression vector as
described herein that contains first and second target sequences for a first recombinase
and one or more additional target sequences for one or more additional recombinases. In
some aspects, the recombinant cell encodes the first recombinase and/or one or more of
the one or more recombinases as described herein. In some aspects, the recombinant cell
encodes one or more endonucleases as described herein. In some aspects, the recombinant
cell encodes a nuclease genome editing system as described herein.

[0230] Provided herein is a method of producing a bacterial sequence-free vector
comprising incubating a vector production system as described herein under suitable
conditions for expression of the recombinase. In some aspects, the method further
comprises incubating the vector production system under suitable conditions for
expression of an endonuclease encoded by the recombinant cells. In some aspects, the
method further comprises incubating the vector production system under suitable
conditions for expression of a nuclease genome editing system encoded by the
recombinant cells. In some aspects, the method further comprises harvesting the bacterial
sequence-free vector.

[0231] Provided herein is a bacterial sequence-free vector produced by a method of

producing a bacterial sequence-free vector as described herein.

II.  Bacterial sequence-free vectors

[0232] Provided herein is a bacterial sequence-free vector comprising: (a) an expression
cassette comprising a nucleic acid sequence of interest, and (b) one or more of: (i) a

synthetic enhancer comprising a nucleic acid sequence at least about 90% identical to



WO 2022/264095 PCT/1B2022/055620
-50 -

SEQ ID NO:12 located 5' to another enhancer or a promoter in the expression cassette,
(i) a CMYV enhancer located 5' to a promoter in the expression cassette, (iii) a S'UTR
comprising an intron, wherein the 5'UTR is integrated in the expression cassette between
a promoter and the nucleic acid sequence of interest, (iv) a vertebrate chromatin insulator
integrated in the expression cassette between the nucleic acid of interest and a
polyadenylation signal, (v) a WPRE integrated in the expression cassette between the
nucleic acid of interest and a polyadenylation signal, (vi) a S/MAR integrated in the
expression cassette between the nucleic acid of interest and a polyadenylation signal, or
(vii) a DTS located 5' to the expression cassette.

[0233] In some aspects, the bacterial sequence-free vector comprises a synthetic enhancer
comprising a nucleic acid sequence at least about 90%, at least about 91%, at least about
92%, at least about 93%, at least about 94%, at least about 95%, at least about 96%, at
least about 97%, at least about 98%, or at least about 99% identical to SEQ ID NO:12
located 5' to another enhancer or a promoter in the expression cassette. In some aspects,
the bacterial sequence-free vector comprises a synthetic enhancer comprising the nucleic
acid sequence of SEQ ID NO:12 located 5' to another enhancer or a promoter in the
expression cassette. In some aspects, the synthetic enhancer comprises multiple
contiguous copies of the nucleic acid sequence, such as, for example, 1, 2, 3, 4, 5, or more
contiguous copies. In some aspects, the synthetic enhancer comprises 3 contiguous copies
of the nucleic acid sequence. In some aspects, the synthetic enhancer comprises a nucleic
acid sequence at least about 90%, at least about 91%, at least about 92%, at least about
93%, at least about 94%, at least about 95%, at least about 96%, at least about 97%, at
least about 98%, or at least about 99% identical to SEQ ID NO:46. In some aspects, the
synthetic enhancer comprises the nucleic acid sequence of SEQ ID NO:46. In some
aspects, the synthetic enhancer is integrated at the 5' end of a chicken B-actin promoter. In
some aspects, a chimeric intron comprising a nucleic acid sequence at least about 90%, at
least about 91%, at least about 92%, at least about 93%, at least about 94%, at least about
95%, at least about 96%, at least about 97%, at least about 98%, or at least about 99%
identical to SEQ ID NO:47 is integrated at the 3' end of the chicken B-actin promoter and
5'to the nucleic acid sequence of interest. In some aspects, a chimeric intron comprising
the nucleic acid sequence of SEQ ID NO:47 is integrated at the 3' end of the chicken j3-

actin promoter and 5' to the nucleic acid sequence of interest.
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[0234] In some aspects, the bacterial sequence-free vector comprises a CMV enhancer
located 5' to a promoter in the expression cassette. In some aspects, the CMV enhancer is
integrated at the 3' end of a synthetic enhancer comprising a nucleic acid sequence at least
about 90%, at least about 91%, at least about 92%, at least about 93%, at least about 94%,
at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at least
about 99% identical to SEQ ID NO:12. In some aspects, the CMV enhancer is integrated
at the 3' end of a synthetic enhancer comprising the nucleic acid sequence of SEQ ID
NO:12. In some aspects, the CMV enhancer is integrated at the 3' end of multiple
contiguous copies of the synthetic enhancer, such as, for example, at the 3' end of 1, 2, 3,
4, 5, or more contiguous copies of the synthetic enhancer. In some aspects, the CMV
enhancer is integrated at the 3' end of 3 contiguous copies of the synthetic enhancer. In
some aspects, the CMV enhancer is integrated at the 3' end of a nucleic acid sequence at
least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about
94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at
least about 99% identical to SEQ ID NO:46. In some aspects, the CMV enhancer is
integrated at the 3' end of the nucleic acid sequence of SEQ ID NO:46. In some aspects, a
CMYV promoter is integrated at the 3' end of the CMV enhancer and 5' to the nucleic acid
sequence of interest.

[0235] In some aspects, the bacterial sequence-free vector comprises a nucleic acid
sequence at least about 90%, at least about 91%, at least about 92%, at least about 93%, at
least about 94%, at least about 95%, at least about 96%, at least about 97%, at least about
98%, or at least about 99% identical to SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37,
SEQ ID NO:38, or SEQ ID NO:39 located 5' to the nucleic acid sequence of interest. In
some aspects, the bacterial sequence-free vector comprises the nucleic acid sequence of
SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38, or SEQ ID NO:39
located 5' to the nucleic acid sequence of interest. In some aspects, a nucleic acid
sequence at least about 90%, at least about 91%, at least about 92%, at least about 93%, at
least about 94%, at least about 95%, at least about 96%, at least about 97%, at least about
98%, or at least about 99% identical to SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37,
SEQ ID NO:38, or SEQ ID NO:39, or the nucleic acid sequence of SEQ ID NO:35, SEQ
ID NO:36, SEQ ID NO:37, SEQ ID NO:38, or SEQ ID NO:39, comprises all regulatory

elements in the expression cassette located 5' to the nucleic acid sequence of interest.
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[0236] In some aspects, the bacterial sequence-free vector comprises a 5'UTR comprising
an intron, wherein the 5'UTR (i.e., the 5'UTR comprising the intron) is integrated in the
expression cassette between a promoter and the nucleic acid sequence of interest.

[0237] In some aspects, the 5'UTR is for improving transgene transcript splicing and
translation from the bacterial sequence-free vector as compared to the same bacterial
sequence-free vector lacking the S'UTR.

[0238] In some aspects, the intron comprises a nucleic acid sequence at least about 90%,
at least about 91%, at least about 92%, at least about 93%, at least about 94%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% identical to SEQ ID NO:1. In some aspects, the intron comprises the nucleic acid
sequence of SEQ ID NO:1.

[0239] In some aspects, the 5’UTR comprises a nucleic acid sequence at least about 90%,
at least about 91%, at least about 92%, at least about 93%, at least about 94%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% identical to SEQ ID NO:2. In some aspects, the S'UTR comprises the nucleic acid
sequence of SEQ ID NO:2.

[0240] In some aspects, the 5’UTR comprises a nucleic acid sequence at least about 90%,
at least about 91%, at least about 92%, at least about 93%, at least about 94%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% identical to SEQ ID NO:4. In some aspects, the S'UTR comprises the nucleic acid
sequence of SEQ ID NO:4.

[0241] In some aspects, the 5'UTR further comprises a non-coding sequence integrated
within the intron.

[0242] In some aspects, the intron is at least about 90%, at least about 91%, at least about
92%, at least about 93%, at least about 94%, at least about 95%, at least about 96%, at
least about 97%, at least about 98%, or at least about 99% identical to SEQ ID NO:1, or
comprises SEQ ID NO:1, and the non-coding sequence is integrated between two of the
nucleotides in the intron corresponding to any two nucleotides from positions 25 to 55 of
SEQ ID NO:1.

[0243] In some aspects, the non-coding sequence is non-prokaryotic and non-viral. In
some aspects, the non-coding sequence is eukaryotic. In some aspects, the non-coding

sequence comprises an intron, a UCOE, a S/MAR, a SV40 enhancer sequence (e.g., one
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or more than one SV40 enhancer sequences, such as two, three, four, five or more SV40
enhancer sequences), a vertebrate chromatin insulator (e.g., cHS4), a WPRE, or any
combination thereof.

[0244] In some aspects, the non-coding sequence comprises an S/MAR. In some aspects,
the S/MAR is MAR-5, provided herein as SEQ ID NO:9.

[0245] In some aspects, the 5'UTR comprises a nucleic acid sequence at least about 90%,
at least about 91%, at least about 92%, at least about 93%, at least about 94%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% identical to SEQ ID NO:3. In some aspects, the S'UTR comprises SEQ ID NO:3.

[0246] In some aspects, the 5’UTR comprises a nucleic acid sequence at least about 90%,
at least about 91%, at least about 92%, at least about 93%, at least about 94%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% identical to SEQ ID NO:5. In some aspects, the S'UTR comprises SEQ ID NO:5.

[0247] In some aspects, the 5'UTR is integrated in the expression cassette between a
chicken B-actin promoter and the nucleic acid sequence of interest.

[0248] In some aspects, the 5'UTR is integrated in the expression cassette between a
CMYV promoter and the nucleic acid sequence of interest.

[0249] In some aspects, the 5'UTR is integrated in the expression cassette between a
promoter and the nucleic acid sequence of interest, wherein the promoter is integrated at
the 3' end of a CMV enhancer. In some aspects, the CMV enhancer is integrated at the 3'
end of a synthetic enhancer comprising a nucleic acid sequence at least about 90%, at
least about 91%, at least about 92%, at least about 93%, at least about 94%, at least about
95%, at least about 96%, at least about 97%, at least about 98%, or at least about 99%
identical to SEQ ID NO:12. In some aspects, the CMV enhancer is integrated at the 3' end
of a synthetic enhancer comprising the nucleic acid sequence of SEQ ID NO:12. In some
aspects, the CMV enhancer is integrated at the 3' end of multiple contiguous copies of the
synthetic enhancer, such as, for example, at the 3' end of 1, 2, 3, 4, 5, or more contiguous
copies of the synthetic enhancer. In some aspects, the CMV enhancer is integrated at the
3' end of 3 contiguous copies of the synthetic enhancer. In some aspects, the CMV
enhancer is integrated at the 3' end of a nucleic acid sequence at least about 90%, at least
about 91%, at least about 92%, at least about 93%, at least about 94%, at least about 95%,
at least about 96%, at least about 97%, at least about 98%, or at least about 99% identical
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to SEQ ID NO:46. In some aspects, the CMV enhancer is integrated at the 3' end of a
nucleic acid sequence of SEQ ID NO:46.

In some aspects, the bacterial sequence-free vector comprises a polyadenylation
signal integrated at the 3' end of the nucleic acid sequence of interest. In some aspects, the
polyadenylation signal comprises a Xenopus leavis beta-globin polyadenylation signal, a
human beta-globin polyadenylation signal, or a hybrid Xenopus leavis and human beta-
globin polyadenylation signal. In some aspects, the polyadenylation signal comprises
multiple copies of a Xenopus leavis beta-globin polyadenylation signal, a human beta-
globin polyadenylation signal, or a hybrid Xenopus leavis and human beta-globin
polyadenylation signal, such as, for example, 1, 2, 3, 4, or 5 copies. In some aspects, the
polyadenylation signal comprises a nucleic acid sequence at least about 90%, at least
about 91%, at least about 92%, at least about 93%, at least about 94%, at least about 95%,
at least about 96%, at least about 97%, at least about 98%, or at least about 99% identical
to SEQ ID NO:13, SEQ ID NO:14, or SEQ ID NO:15. In some aspects, the
polyadenylation signal comprises the nucleic acid sequence of SEQ ID NO:13, SEQ ID
NO:14, or SEQ ID NO:15. In some aspects, a polyadenylic acid tail (i.e., poly(A) tail is
located at the 3' end of the polyadenylation signal. In some aspects, the poly(A) tail is
100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117,
118, 119, 120, or more residues in length. In some aspects, the sequence comprising the
polyadenylation signal and the poly(A) tail is at least about 90%, at least about 91%, at
least about 92%, at least about 93%, at least about 94%, at least about 95%, at least about
96%, at least about 97%, at least about 98%, or at least about 99% identical to SEQ ID
NO:16, SEQ ID NO:17, or SEQ ID NO:18. In some aspects, the sequence comprising the
polyadenylation signal and the poly(A) tail comprises SEQ ID NO:16, SEQ ID NO:17, or
SEQ ID NO:18.

In some aspects, the bacterial sequence-free vector comprises a vertebrate
chromatin insulator in the expression cassette. In some aspects, the vertebrate chromatin
insulator is cHS4. In some aspects, the vertebrate chromatin insulator is integrated in the
expression cassette between the nucleic acid of interest and a polyadenylation signal as
described herein. In some aspects, the vertebrate chromatin insulator is integrated within

the intron of a 5'UTR as described herein.
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[0252] In some aspects, the vertebrate chromatin insulator comprises a nucleic acid
sequence at least about 90%, at least about 91%, at least about 92%, at least about 93%, at
least about 94%, at least about 95%, at least about 96%, at least about 97%, at least about
98%, or at least about 99% identical to SEQ ID NO:8. In some aspects, the vertebrate
chromatin insulator comprises SEQ ID NO:8.

[0253] In some aspects, the vertebrate chromatin insulator is for improving establishment
(i.e., transfection efficiency) of a bacterial sequence-free vector as compared to the same
bacterial sequence-free vector without the vertebrate chromatin insulator.

[0254] In some aspects, the bacterial sequence-free vector comprises a WPRE in the
expression cassette. In some aspects, the WPRE is integrated in the expression cassette
between the nucleic acid of interest and a polyadenylation signal as described herein. In
some aspects, the WPRE is integrated in the expression cassette at the 3' end of a S/MAR
as described herein and the 5' end of a polyadenylation signal as described herein. In
some aspects, the WPRE is integrated within the intron of a 5'UTR as described herein.

[0255] In some aspects, the WPRE comprises a nucleic acid sequence at least about 90%,
at least about 91%, at least about 92%, at least about 93%, at least about 94%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% identical to SEQ ID NO:11. In some aspects, the WPRE comprises SEQ ID NO:11.

[0256] In some aspects, the WPRE improves expression of the transgene from the
bacterial sequence-free vector as compared to the same bacterial sequence-free vector
lacking the WPRE.

[0257] In some aspects, the bacterial sequence-free vector comprises an S/MAR in the
expression cassette. In some aspects, the S/MAR is integrated in the expression cassette
between the nucleic acid of interest and a polyadenylation signal. In some aspects, the
S/MAR is integrated in the expression cassette at the 3' end of a nucleic acid sequence of
interest and the 5' end of a WPRE as described herein. In some aspects, the S/MAR is
integrated within the intron of a 5'UTR as described herein.

[0258] In some aspects, the S/MAR is MAR-3, MAR-4, or MAR-5. In some aspects, the
S/MAR comprises a nucleic acid sequence at least about 90%, at least about 91%, at least
about 92%, at least about 93%, at least about 94%, at least about 95%, at least about 96%,
at least about 97%, at least about 98%, or at least about 99% identical to SEQ ID NO:9.
In some aspects, the S/MAR comprises SEQ ID NO:9.
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[0259] In some aspects, the S/MAR is human CSP-B MAR or CSP-C MAR. In some
aspects, the S/MAR comprises a nucleic acid sequence at least about 90%, at least about
91%, at least about 92%, at least about 93%, at least about 94%, at least about 95%, at
least about 96%, at least about 97%, at least about 98%, or at least about 99% identical to
SEQ ID NO:10. In some aspects, the SSMAR comprises SEQ ID NO:10.

[0260] In some aspects, the S/MAR is for improving expression levels, stability, and/or
durability of the bacterial sequence-free vector (e.g., by episomal maintenance and
replication, such as expansion and partition of the vector to daughter cells, and/or by
preventing epigenetic silencing) as compared to the same bacterial sequence-free vector
lacking the S/MAR.

[0261] In some aspects, the bacterial sequence-free vector comprising any one of more of
(b)(1)-(b)(v) as described above (i.e., without a DTS) further comprises an enhancer
sequence flanking each side of the expression cassette. In some aspects, the enhancer
sequence flanking each side of the expression cassette is at least two enhancer sequences
flanking each side of the expression cassette. In some aspects, the enhancer sequence is a
SV40 enhancer sequence.

[0262] In some aspects, the bacterial sequence-free vector comprises a DTS. In some
aspects, the DTS is located 5' to the expression cassette. In some aspects, the DTS is a
SV40 enhancer sequence. In some aspects, the DTS is cell-specific. In some aspects, the
DTS is specific for smooth muscle cells, embryonic stem cells, type II pneumonocytes,
endothelial cells, or osteoblasts.

[0263] In some aspects, a bacterial sequence-free vector as described herein further
comprises a UCOE in the expression cassette. In some aspects, the UCOE is located 5' to
the promoter or any enhancer in the expression cassette. In some aspects, the UCOE is
integrated within the intron of a 5'UTR as described herein.

[0264] In some aspects, the UCOE is A2UCOE. In some aspects, the UCOE comprises a
nucleic acid sequence at least about 90%, at least about 91%, at least about 92%, at least
about 93%, at least about 94%, at least about 95%, at least about 96%, at least about 97%,
at least about 98%, or at least about 99% identical to SEQ ID NO:6. In some aspects, the
UCOE is SEQ ID NO:6.

[0265] In some aspects, the UCOE is SRF-UCOE. In some aspects, the UCOE comprises

a nucleic acid sequence at least about 90%, at least about 91%, at least about 92%, at least
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about 93%, at least about 94%, at least about 95%, at least about 96%, at least about 97%,
at least about 98%, or at least about 99% identical to SEQ ID NO:7. In some aspects, the
UCOE is SEQ ID NO:7.

[0266] In some aspects, the UCOE improves expression of the transgene from the
bacterial sequence-free vector as compared to the same bacterial sequence-free vector
lacking the UCOE.

[0267] In some aspects, the bacterial sequence-free vector comprises Enhancer-1 in the
expression cassette. In some aspects, Enhancer-1 is integrated 5' to the promoter or any
other enhancer in the expression cassette. In some aspects, Enhancer-1 is integrated
between the 3' end of a UCOE and the 5' end of a CMYV enhancer. In some aspects,
Enhancer-1 comprises a nucleic acid sequence at least about 90%, at least about 91%, at
least about 92%, at least about 93%, at least about 94%, at least about 95%, at least about
96%, at least about 97%, at least about 98%, or at least about 99% identical to SEQ ID
NO:12. In some aspects, Enhancer-1 is SEQ ID NO:12.

[0268] In some aspects, the bacterial sequence-free vector comprises a CMV, EF1, SV40,
CAG, Rho, VDM2, HCR, or HLP promoter, or variant thereof, in the expression cassette.
In some aspects, the bacterial sequence-free vector comprises a CMV promoter variant in
the expression cassette.

[0269] In some aspects, the bacterial sequence-free vector comprises an EF 1-alpha
promoter in the expression cassette. In some aspects, the bacterial sequence-free vector
comprises a CMV enhancer and an EF 1-alpha promoter in the expression cassette.

[0270] In some aspects, the bacterial sequence-free vector comprises a 3'UTR in the
expression cassette comprising two copies of a beta-globin polyadenylation signal. In
some aspects, the 3'UTR is integrated 3' to the nucleic acid sequence of interest.

[0271] In some aspects, the 3'UTR comprises two copies of a Xenopus laevis beta-globin
polyadenylation signal. In some aspects, the 3'UTR comprises a nucleic acid sequence at
least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about
94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at
least about 99% identical to SEQ ID NO:13. In some aspects, the 3'UTR is SEQ ID
NO:13.

[0272] In some aspects, the 3'UTR comprises two copies of a human beta-globin

polyadenylation signal. In some aspects, the 3'UTR comprises a nucleic acid sequence at
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least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about
94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at
least about 99% identical to SEQ ID NO:14. In some aspects, the 3'UTR is SEQ ID
NO:14.

[0273] In some aspects, the 3'UTR comprises one copy of a Xenopus laevis beta-globin
polyadenylation signal and one copy of a human beta-globin polyadenylation signal. In
some aspects, the 3'UTR comprises a nucleic acid sequence at least about 90%, at least
about 91%, at least about 92%, at least about 93%, at least about 94%, at least about 95%,
at least about 96%, at least about 97%, at least about 98%, or at least about 99% identical
to SEQ ID NO:15. In some aspects, the 3'UTR is SEQ ID NO:15.

[0274] In some aspects, the 3'UTR further comprises a poly(A) tail comprising 100 to
120 adenine nucleotides, 7.e., 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111,
112, 113, 114, 115, 116, 117, 118, 119, or 120 adenine nucleotides.

[0275] In some aspects, the 3'UTR comprises a nucleic acid sequence at least about 90%,
at least about 91%, at least about 92%, at least about 93%, at least about 94%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% identical to SEQ ID NO:16. In some aspects, the 3'UTR is SEQ ID NO:16.

[0276] In some aspects, the 3'UTR comprises a nucleic acid sequence at least about 90%,
at least about 91%, at least about 92%, at least about 93%, at least about 94%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% identical to SEQ ID NO:17. In some aspects, the 3'UTR is SEQ ID NO:17.

[0277] In some aspects, the 3'UTR comprises a nucleic acid sequence at least about 90%,
at least about 91%, at least about 92%, at least about 93%, at least about 94%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% identical to SEQ ID NO:18. In some aspects, the 3'UTR is SEQ ID NO:18.

[0278] The nucleic acid sequence of interest of a bacterial sequence-free vector as
described herein includes any of the nucleic acid sequences described herein with respect
to the expression vectors for producing the bacterial sequence-free vectors.

[0279] In some aspects, a bacterial sequence-free vector as described herein comprises a
Cas endonuclease target sequence (i.e., a sequence homologous to a gRNA targeting

sequence) located 5' and 3' to the nucleic acid sequence of interest, wherein a target site
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for gene editing (e.g., a target site in a chromosome) comprises the same Cas
endonuclease target sequence.

[0280] In some aspects, a bacterial sequence-free vector as described herein comprises a
CRISPR-Cas system. In some aspects, the bacterial sequence-free vector comprises a
tRNA-gRNA polycistron flanking each side of a sequence encoding a Cas endonuclease
(e.g., an immunosilenced Cas9-2). In some aspects, the bacterial sequence-free vector
comprises a S'UTR (e.g., S'UTR1) as described herein comprising the tRNA-gRNA
polycistron in an intron. In some aspects, the bacterial sequence-free vector comprises a
chimeric intron as described herein comprising the tRNA-gRNA polycistron. In some
aspects, an EF1-alpha promoter as described herein comprises the tRNA-gRNA
polycistron in an inherent intron. In some aspects, a polyadenylation signal or 3'UTR as
described herein comprises a tRNA-gRNA polycistron. In some aspects, a nucleic acid
sequence of interest and a self-restricting CRISPR-Cas system as described herein are
located on a single bacterial sequence-free vector as described herein. In the latter
aspects, the sequences comprising the self-restricting CRISPR-Cas system are located 5'
to the sequence comprising the nucleic acid sequence of interest flanked by homology
arms.

[0281] A bacterial sequence-free vector as described herein can contain any combination
of the above modifications. In some aspects, the combination provides a synergistic
effect.

[0282] In some aspects, the bacterial sequence-free vector is a circular covalently closed
vector.

[0283] In some aspects, the bacterial sequence-free vector is a linear covalently closed
vector.

[0284] Provided herein is a recombinant cell comprising a bacterial sequence-free vector

as disclosed herein.

IV.  Other Expression Vectors

[0285] Improvements and modifications described above can also be applied to other
expression vectors such as, but not limited to, expression vectors that are utilized for
direct gene expression rather than production of bacterial sequence-free vectors. In some
aspects, the nucleic acid sequences described herein are provided as DNA sequences, and

the expression vectors are DNA expression vectors. In some aspects, the nucleic acid
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sequences described herein are provided as RNA sequences, and the expression vectors
are RNA expression vectors. RNA sequences can correspond to the DNA sequence
provided as any SEQ ID NO herein or can correspond to the DNA sequence that is
complementary to the DNA sequence provided as any SEQ ID NO herein.

[0286] Provided herein is a polynucleotide comprising any combination of nucleic acid
sequences as described herein.

[0287] Provided herein is a polynucleotide comprising a nucleic acid sequence of: an
intron, a S'UTR comprising an intron, and/or a 3'UTR as described herein.

[0288] Provided herein is a polynucleotide comprising a nucleic acid sequence at least
about 90%, at least about 91%, at least about 92%, at least about 93%, at least about 94%,
at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at least
about 99% identical to any one of SEQ ID NOs: 1, 2, 3, 5, 13, 14, 15, 16, 17, or 18. In
some aspects, the polynucleotide comprises 100 to 120 adenine nucleotides at the 3' end
of the nucleic acid sequence. In some aspects, the polynucleotide comprises a nucleic acid
sequence at least about 90%, at least about 91%, at least about 92%, at least about 93%, at
least about 94%, at least about 95%, at least about 96%, at least about 97%, at least about
98%, or at least about 99% identical to any one of SEQ ID NOs:13, 14, or 15, and 100 to
120 adenine nucleotides at the 3' end of the nucleic acid sequence. In some aspects, the
polynucleotide comprises the nucleic acid sequence of any one of SEQ ID NOs: 1, 2, 3, 5,
13, 14,15, 16, 17, or 18.

[0289] Provided herein is an expression vector comprising one or more of the
polynucleotides described herein. In some aspects, the expression vector comprises a
polynucleotide comprising a nucleic acid sequence at least about 90%, at least about 91%,
at least about 92%, at least about 93%, at least about 94%, at least about 95%, at least
about 96%, at least about 97%, at least about 98%, or at least about 99% identical to any
one of SEQ ID NOs: 1, 2,3, 5, 13, 14, 15, 16, 17, or 18. In some aspects, the
polynucleotide comprises 100 to 120 adenine nucleotides at the 3' end of the nucleic acid
sequence. In some aspects, the polynucleotide comprises a nucleic acid sequence at least
about 90%, at least about 91%, at least about 92%, at least about 93%, at least about 94%,
at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at least
about 99% identical to any one of SEQ ID NOs:13, 14, or 15, and 100 to 120 adenine

nucleotides at the 3' end of the nucleic acid sequence. In some aspects, the expression
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vector comprises a polynucleotide comprising the nucleic acid sequence of any one of
SEQID NOs: 1, 2, 3,5, 13, 14, 15, 16, 17, or 18. In some aspects, the expression vector
comprises a polynucleotide comprising the nucleic acid sequence of any one of SEQ ID
NOs: 2, 3, or 5, and (a) a polynucleotide comprising the nucleic acid sequence of any one
of SEQ ID NOs: 13, 14, 15, 16, 17, or 18, or (b) a polynucleotide comprising the nucleic
acid sequence of any one of SEQ ID NOs:13, 14, or 15 and 100 to 120 adenine
nucleotides at the 3' end of the nucleic acid sequence.

[0290] Provided herein is an expression vector comprising: a S'UTR comprising an
intron, wherein the 5'UTR is integrated in the expression cassette between a promoter and
a nucleic acid sequence of interest, and/or a 3'UTR comprising two copies of a beta-
globin polyadenylation signal integrated in the expression cassette 3' to the nucleic acid
sequence of interest.

[0291] In some aspects, the 5'UTR comprises a nucleic acid sequence at least about 90%,
at least about 91%, at least about 92%, at least about 93%, at least about 94%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% identical to SEQ ID NO:2. In some aspects, the S'UTR comprises the nucleic acid
sequence of SEQ ID NO:2.

[0292] In some aspects, the 5'UTR comprises a nucleic acid sequence at least about 90%,
at least about 91%, at least about 92%, at least about 93%, at least about 94%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% identical to SEQ ID NO:4. In some aspects, the S'UTR comprises the nucleic acid
sequence of SEQ ID NO:4.

[0293] In some aspects, the 5'UTR further comprises a non-coding sequence integrated
within the intron.

[0294] In some aspects, the intron is at least about 90%, at least about 91%, at least about
92%, at least about 93%, at least about 94%, at least about 95%, at least about 96%, at
least about 97%, at least about 98%, or at least about 99% identical to SEQ ID NO:1, or
comprises SEQ ID NO:1, and the non-coding sequence is integrated between two of the
nucleotides in the intron corresponding to any two nucleotides from positions 25 to 55 of
SEQ ID NO:1.

[0295] In some aspects, the non-coding sequence is non-prokaryotic and non-viral. In

some aspects, the non-coding sequence is a eukaryotic sequence. In some aspects, the
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non-coding sequence comprises an intron, a UCOE, an S/MAR, an SV40 enhancer
sequence (e.g., one or more than one SV40 enhancer sequences, such as two, three, four,
five or more SV40 enhancer sequences), a vertebrate chromatin insulator (e.g., cHS4), a
WPRE, or any combination thereof.

[0296] In some aspects, the non-coding sequence is an S/MAR. In some aspects, the
S/MAR is MAR-S, provided herein as SEQ ID NO:9.

[0297] In some aspects, the 5’UTR comprises a nucleic acid sequence at least about 90%,
at least about 91%, at least about 92%, at least about 93%, at least about 94%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% identical to SEQ ID NO:3. In some aspects, the S'UTR comprises SEQ ID NO:3.

[0298] In some aspects, the 5'UTR comprises a nucleic acid sequence at least about 90%,
at least about 91%, at least about 92%, at least about 93%, at least about 94%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% identical to SEQ ID NO:5. In some aspects, the S'UTR comprises SEQ ID NO:5.

[0299] In some aspects, the 3'UTR comprises two copies of a Xenopus laevis beta-globin
polyadenylation signal. In some aspects, the 3'UTR comprises a nucleic acid sequence at
least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about
94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at
least about 99% identical to SEQ ID NO:13. In some aspects, the 3'UTR is SEQ ID
NO:13.

[0300] In some aspects, the 3'UTR comprises two copies of a human beta-globin
polyadenylation signal. In some aspects, the 3'UTR comprises a nucleic acid sequence at
least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about
94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at
least about 99% identical to SEQ ID NO:14. In some aspects, the 3'UTR is SEQ ID
NO:14.

[0301] In some aspects, the 3'UTR comprises one copy of a Xenopus laevis beta-globin
polyadenylation signal and one copy of a human beta-globin polyadenylation signal. In
some aspects, the 3'UTR comprises a nucleic acid sequence at least about 90%, at least
about 91%, at least about 92%, at least about 93%, at least about 94%, at least about 95%,
at least about 96%, at least about 97%, at least about 98%, or at least about 99% identical
to SEQ ID NO:15. In some aspects, the 3'UTR is SEQ ID NO:15.
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[0302] In some aspects, the 3'UTR further comprises a poly(A) tail comprising 100 to
120 adenine nucleotides, i.e., 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111,
112, 113, 114, 115, 116, 117, 118, 119, or 120 adenine nucleotides.

[0303] In some aspects, the 3'UTR comprises a nucleic acid sequence at least about 90%,
at least about 91%, at least about 92%, at least about 93%, at least about 94%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% identical to SEQ ID NO:16. In some aspects, the 3'UTR is SEQ ID NO:16.

[0304] In some aspects, the 3'UTR comprises a nucleic acid sequence at least about 90%,
at least about 91%, at least about 92%, at least about 93%, at least about 94%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% identical to SEQ ID NO:17. In some aspects, the 3'UTR is SEQ ID NO:17.

[0305] In some aspects, the 3'UTR comprises a nucleic acid sequence at least about 90%,
at least about 91%, at least about 92%, at least about 93%, at least about 94%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% identical to SEQ ID NO:18. In some aspects, the 3'UTR is SEQ ID NO:18.

[0306] Provided herein is an expression vector comprising a synthetic enhancer
comprising a nucleic acid sequence at least about 90%, at least about 91%, at least about
92%, at least about 93%, at least about 94%, at least about 95%, at least about 96%, at
least about 97%, at least about 98%, or at least about 99% identical to SEQ ID NO:12. In
some aspects, the expression vector comprises a synthetic enhancer comprising the
nucleic acid sequence of SEQ ID NO:12. In some aspects, the synthetic enhancer
comprises multiple contiguous copies of the nucleic acid sequence, such as, for example,
1,2, 3, 4,5, or more contiguous copies. In some aspects, the synthetic enhancer
comprises 3 contiguous copies of the nucleic acid sequence. In some aspects, the
synthetic enhancer comprises a nucleic acid sequence at least about 90%, at least about
91%, at least about 92%, at least about 93%, at least about 94%, at least about 95%, at
least about 96%, at least about 97%, at least about 98%, or at least about 99% identical to
SEQ ID NO:46. In some aspects, the synthetic enhancer comprises the nucleic acid
sequence of SEQ ID NO:46.

[0307] Provided herein is an expression vector comprising a nucleic acid sequence at
least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about
94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at



WO 2022/264095 PCT/1B2022/055620
-64 -

least about 99% identical to SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID
NO:38, or SEQ ID NO:39. In some aspects, the expression vector comprises the nucleic
acid sequence of SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38, or
SEQ ID NO:39. In some aspects, a nucleic acid sequence at least about 90%, at least
about 91%, at least about 92%, at least about 93%, at least about 94%, at least about 95%,
at least about 96%, at least about 97%, at least about 98%, or at least about 99% identical
to SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38, or SEQ ID NO:39,
or the nucleic acid sequence of SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID
NO:38, or SEQ ID NO:39, comprises all regulatory elements in an expression cassette

located 5' to a nucleic acid sequence of interest in the expression vector.

V. Compositions

[0308] Provided herein is a composition comprising an expression vector or bacterial
sequence-free vector as described herein.

[0309] A variety of methods are known in the art and are suitable for introduction of
nucleic acids into a cell. Examples include, but are not limited to, electroporation,
calcium phosphate mediated transfer, nucleofection, sonoporation, heat shock,
magnetofection, liposome mediated transfer, microinjection, microprojectile mediated
transfer (nanoparticles), cationic polymer mediated transfer (DEAE-dextran,
polyethylenimine, polyethylene glycol (PEG), and the like), or cell fusion.

[0310] Nanoparticle carriers such as liposomes, micelles, and polymeric nanoparticles
have been investigated for improving bioavailability and pharmacokinetic properties of
therapeutics via various mechanisms, for example, the enhanced permeability and
retention (EPR) effect.

[0311] Further improvement can be achieved by conjugation of targeting ligands onto
nanoparticles to achieve selective delivery to a target cell. For example, receptor-targeted
nanoparticle delivery has been shown to improve therapeutic responses both in vitro and
in vivo. Targeting ligands that have been investigated include folate, transferrin,
antibodies, peptides, and aptamers. Additionally, multiple functionalities can be
incorporated into the design of nanoparticles, e.g., to enable imaging and to trigger
intracellular drug release.

[0312] In some aspects, the composition further comprises a delivery agent. In some

aspects, the delivery agent is a nanoparticle. In some aspects, the delivery agent is
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selected from the group consisting of liposomes, non-lipid polymeric molecules,
endosomes, and any combination thereof.

[0313] In some aspects, the delivery agent (e.g., a nanoparticle) comprises a targeting
ligand.

[0314] In some aspects, the composition further comprises a physiologically acceptable
carrier, excipient, or stabilizer. See, e.g., Remington: The Science and Practice of
Pharmacy, 22™ ed. (2013). Acceptable carriers, excipients, or stabilizers can include
those that are nontoxic to a subject. In some aspects, the composition or one or more
components of the composition are sterile. A sterile component can be prepared, for
example, by filtration (e.g., by a sterile filtration membrane) or by irradiation (e.g., by
gamma irradiation).

[0315] In some aspects, the composition comprising an expression vector or bacterial
sequence-free vector as described herein is a pharmaceutical composition further
comprising a pharmaceutically acceptable carrier.

[0316] An excipient of the present invention can be described as a "pharmaceutically
acceptable" excipient when added to a pharmaceutical composition, meaning that the
excipient is a compound, material, composition, salt, and/or dosage form which is, within
the scope of sound medical judgment, suitable for contact with the tissues of human
beings and animals without excessive toxicity, irritation, allergic response, or other
problematic complications over the desired duration of contact commensurate with a
reasonable benefit/risk ratio. In some aspects, the term "pharmaceutically acceptable"
means approved by a regulatory agency of the Federal or a state government or listed in
the U.S. Pharmacopeia or other generally recognized international pharmacopeia for use
in animals, and more particularly in humans. Various excipients can be used. In some
aspects, the excipient can be, but is not limited to, an alkaline agent, a stabilizer, an
antioxidant, an adhesion agent, a separating agent, a coating agent, an exterior phase
component, a controlled-release component, a solvent, a surfactant, a humectant, a
buffering agent, a filler, an emollient, or combinations thereof. Excipients in addition to
those discussed herein can include excipients listed in, though not limited to, Remington:
The Science and Practice of Pharmacy, 22™ ed. (2013). Inclusion of an excipient in a
particular classification herein (e.g., "solvent") is intended to illustrate rather than limit

the role of the excipient. A particular excipient can fall within multiple classifications.
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[0317] A pharmaceutical composition of the disclosure is formulated to be compatible
with its intended route of administration. Exemplary routes of administration include
enteral, topical, parenteral, oral, pulmonary, intranasal, intravenous, epidermal,
transdermal, subcutaneous, intramuscular, or intraperitoneal administration, or inhalation.
"Parenteral administration" as used herein means modes of administration other than
enteral and topical administration, usually by injection or infusion, and includes, without
limitation, intravenous, intramuscular, intraarterial, intrathecal, intralymphatic,
intralesional, intracapsular, intraorbital, intracardiac, intradermal, intraperitoneal,
transtracheal, subcutaneous, subcuticular, intraarticular, subcapsular, subarachnoid,
intraspinal, epidural, intrapleural, and intrasternal injection and infusion, as well as in
vivo electroporation. In some aspects, the formulation is administered via a non-
parenteral route, in some aspects, orally. Other non-parenteral routes include a topical,
epidermal, or mucosal route of administration, for example, intranasally, vaginally,
rectally, sublingually or topically.

[0318] In some aspects, the pharmaceutical composition is lyophilized.

VI.  Therapeutic Uses and Methods

[0319] Provided herein is a method of treating a disease or disorder in a subject in need
thereof, comprising administering an expression vector, bacterial sequence-free vector, or
pharmaceutical composition as described herein to the subject.

[0320] The expression vector, bacterial sequence-free vector, or composition can be
administered to a subject by any route of administration that is effective for treating the
disease or disorder.

[0321] In some aspects, the administering is by enteral, topical, parenteral, oral,
pulmonary, intranasal, intravenous, epidermal, transdermal, subcutaneous, intramuscular,
intrathecal, or intraperitoneal administration, inhalation, or cerebrospinal fluid (CSF)-
based delivery via intracerebroventricular (ICV) injection, cisterna magna administration

(ICM), or lumbar intrathecal puncture (LIT).

[0322] In some aspects, the administering is by parenteral or non-parenteral
administration.

[0323] In some aspects, the parenteral administration is by injection or infusion.

[0324] In some aspects, the parenteral administration is by intravenous, intramuscular,

intraarterial, intrathecal, intralymphatic, intralesional, intracapsular, intraorbital,



WO 2022/264095 PCT/1B2022/055620
-67 -

intracardiac, intradermal, intraperitoneal, transtracheal, subcutaneous, subcuticular,
intraarticular, subcapsular, retroorbital, intracerebroventricular, subarachnoid, intraspinal,
epidural, intrapleural, or intrasternal injection or infusion, or by in vivo electroporation,
nucleofection, microbubble, or ultrasound.

[0325] In some aspects, the non-parenteral administration is oral, topical, epidermal,
mucosal, intranasal, vaginal, rectal, or sublingual.

[0326] In some aspects, the administering is by oral, pulmonary, intranasal, intravenous,
epidermal, transdermal, subcutaneous, intramuscular, or intraperitoneal administration, or
by inhalation.

[0327] In some aspects, the administering is by oral, nasal, or pulmonary administration.
In some aspects, the administering is by nasal administration.

[0328] Administering can be performed, for example, once, a plurality of times, and/or
over one or more extended periods. In some aspects, the administering is one time, two
times (e.g., a first administration followed by a second administration about 1, about 2,
about 3, about 4 or more weeks later), once about every week, once about every month,
once about every 2 months, once about every 3 months, once about every 4 months, once
about every 6 months, once about every year, or once about every decade.

[0329] Provided herein is a method of gene editing comprising inserting a nucleic acid
sequence of interest from an expression vector, bacterial sequence-free vector, or
pharmaceutical composition as described herein into a target site for gene editing.

[0330] In some aspects, the inserting is by non-homologous end joining.

[0331] In some aspects, the inserting is by homology directed repair. In some aspects, the
nucleic acid sequence of interest is flanked by 5’ and 3’ homology arms as described
herein.

[0332] In some aspects, the nucleic acid sequence of interest is homologous to the target
site for gene editing and comprises one or more nucleotide insertions, deletions,
inversions, or rearrangements as compared to the target site.

[0333] In some aspects, the nucleic acid sequence of interest is non-homologous to the
target site for gene editing.

[0334] In some aspects, the nucleic acid sequence of interest restores a missing function,
corrects an abnormal function, or provides an additional function associated with the

target site for gene editing.
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[0335] In some aspects, the nucleic acid sequence of interest is for knockout of gene
expression associated with the target site for gene editing.
[0336] In some aspects, the method of gene editing is a method of treating a disease or

disorder in a subject in need thereof.

[0337] In some aspects, the nucleic acid sequence of interest is for in vivo gene editing.
[0338] In some aspects, the nucleic acid sequence of interest is for in vitro gene editing.
[0339] In some aspects, the nucleic acid sequence of interest is for ex vivo gene editing

(e.g., cell therapy, such as CAR T cell therapy).

[0340] In some aspects, the method is an in vifro method. In some aspects, the in vitro
method further comprises administering the expression vector, bacterial sequence-free
vector, or pharmaceutical composition to cells (e.g., for in vitro or ex vivo gene editing).
In some aspects, the in vitro method further comprises administering an endonuclease for
gene editing, or a genome editing system or components thereof (e.g., Cas endonuclease
and gRNA for a CRISPR-Cas system) to the cells. In some aspects, the genome editing
system is a CRISPR-Cas, TALEN, ZFN, or meganuclease gene editing system.

[0341] In some aspects, the method is an in vivo method. In some aspects, the in vivo
method further comprises administering the expression vector, bacterial sequence-free
vector, or pharmaceutical composition to a subject. In some aspects, the in vivo method
further comprises administering an endonuclease for gene editing, or a genome editing
system or components thereof (e.g., Cas endonuclease and gRNA for a CRISPR-Cas
system) to the subject. In some aspects, the genome editing system is a CRISPR-Cas,
TALEN, ZFN, or meganuclease gene editing system.

[0342] The endonuclease for gene editing, or the genome editing system or components
thereof, can be administered by any methods described herein or as known in the art for
administering nucleic acid sequences and/or polypeptides to cells or subjects, including
through electroporation or vectors as applicable to the administration. For example, in
aspects comprising a CRISPR-Cas system, RNA encoding Cas and/or gRNA can be
administered, Cas and/or gRNA can be directly administered, bacterial sequence-free
vectors or expression vectors as described herein can be administered that encode Cas
and/or gRNA, or any other suitable vector known in the art can be administered that

encode Cas and/or gRNA.
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[0343] In some aspects, the nucleic acid of interest is provided in a linear covalently
closed bacterial sequence-free vector (i.e., msDNA) as described herein. In some aspects,
use of the linear covalently closed bacterial sequence-free vector in gene editing avoids
any undesired non-homologous end joining because the ends of the bacterial sequence-
free vector are closed and non-reactive with double strand breaks. In some aspects, use of
the linear covalently closed bacterial sequence-free vector in gene editing enhances
homology-directed repair. In some aspects, the recombination rate for homology-directed
repair is higher when the nucleic acid sequence of interest is provided by a linear
covalently closed bacterial sequence-free vector as described herein than when the
nucleic acid sequence of interest is provided by a circular supercoiled vector.

[0344] The following examples are offered by way of illustration and not by way of

limitation.

EXAMPLES

Example 1 — Expression vectors containing a chimeric intron or a 5'UTR
A. Expression vectors

[0345] A polygenic expression vector was prepared by replacing the eGFP coding
sequence of a parent ministring expression vector (Mediphage Bioceuticals, Inc., Toronto,
CA, U.S. Patent Nos. 9,290,778 and 9,862,954), pGL2-SS*-CAG-eGFP-BGpA-SS*, with
an expression cassette encoding enhanced green fluorescent protein (eGFP) and the
NanoLuc® luciferase reporter modified with a secretion sequence for extracellular
expression (NLuc, Promega Corporation) between the two specialized Super Sequence
(SS*) sites of the parent vector.

[0346] The expression cassette of the parent vector and the polygenic vector contained a
CAG promoter, which is a synthetic promoter that includes a cytomegalovirus (CMV)
enhancer, a promoter from chicken B-actin, and a chimeric intron.

[0347] A map of the polygenic expression vector is shown in Figure 1 (pGL2-SS*-CAG-
SecNLuc-2A-eGFP-BGpA-SS*), which contains a specialized Super Sequence site (SS*)
having recombinase target sequences (telL, FRT (minimal), and loxP) flanking a
polygenic expression cassette containing the CAG promoter, sequences encoding

enhanced green fluorescent protein (eGFP) and secreted nano-luciferase (SecNLuc)
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connected by P2A and T2A self-cleaving peptides (SecNLuc-2A-eGFP), and a rabbit
beta-globin polyadenylation signal (BGpA). The nucleic acid sequence for the vector is
provided as SEQ ID NO:19.

[0348] A second polygenic expression vector was prepared by cloning the same eGFP
and Nluc sequences along with a 5'UTR into the pcDNA3.1 vector (Thermo Fisher
Scientific). A map of the expression vector is shown in Figure 2 (vector pcDNA-CMV-
5'UTR-SecNLuc-P2A-eGFP-bGHpA), which contains a polygenic expression cassette
containing the CMV enhancer/promoter, sequences encoding eGFP and SecNLuc
connected by a P2A self-cleaving peptide (SecNLuc-P2A-eGFP), and a bovine growth
hormone polyadenylation signal (bGHpA). The nucleic acid sequence for the vector is

provided as SEQ ID NO:20.

B. Transfection of HEK293 cells

[0349] Adherent human embryonic kidney 293 (HEK293) cells were seeded in a 24-well
plate at 1x10° cells/well.

[0350] A complex of expression vector (1 ug) and lipofectamine (3 pL) was prepared and
incubated using standard operating procedures for each of (1) pGL2-SS*-CAG-SecNLuc-
2A-eGFP-BGpA-SS*, (2) pcDNA-CMV-5'UTR-SecNLuc-P2A-eGFP-bGHpA, and (3)
pGL2-SS*-CAG-eGFP-BGpA-SS*.

[0351] The three complexes were used to separately transfect HEK293 cells via
electroporation in individual wells, which were then incubated for 48 hours. HEK293
cells in other wells were treated with 3 L lipofectamine containing no plasmid as a
negative control.

[0352] Cells were evaluated for cytoplasmic GFP expression and luciferase expression 48

hours after transfection.

C. Cytoplasmic GFP expression

[0353] Cytoplasmic GFP expression was used as a measure of transfection efficiency and
gene expression levels by the polygenic expression vectors. Expression was evaluated by
fluorescent microscopy, and mean GFP expression/intensity of the experimental
expression vectors (pGL2-SS*-CAG-SecNLuc-2A-eGFP-BGpA-SS* and pcDNA-CMV-
5'UTR-SecNLuc-P2A-eGFP-bGHpA) was measured relative to the negative control (cells
treated with lipofectamine and no plasmid) and the positive control (pGL2-SS*-CAG-
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eGFP-BGpA-SS*), also referred to herein as parental plasmid CAG-GFP, i.e., PP-CAG-
GFP).

[0354] Live imaging of fluorescent cells under auto exposure mode showed that the
experimental expression vectors produced GFP, with the chimeric intron of pGL2-SS*-
CAG-SecNLuc-2A-eGFP-BGpA-SS*and the S'UTR of pcDNA-CMV-5'UTR-SecNLuc-
P2A-eGFP-bGHpA having similar expression. See Figures 3 and 4. Polygenic expression
by the experimental expression vectors did not impact GFP expression based on mean
relative fluorescence intensities as compared to the positive control. /d. The mean
fluorescence intensity in cells transfected with the experimental expression vectors was at

least 3-fold higher than negative control cells. See Figure 4.

D. Luciferase expression

[0355] Luciferase expression was evaluated by measuring the intensity of secreted
luciferase in the media of transfected cells and negative control cells using the Nano-
Glo® Luciferase Assay System (Promega) according to manufacturer protocols. Both
experimental expression vectors expressed luciferase. See Figure 5. The mean relative
luciferase intensity in the media of cells transfected with the experimental expression

vectors was at least 300-fold higher than in the media of negative control cells. /d.

Example 2 — Expression vectors containing WPRE and engineered 5S'UTRs
A. Expression vectors

[0356] A polygenic expression vector was prepared by cloning a woodchuck hepatitis
virus post-transcriptional regulatory element (WPRE) between the sequence encoding
eGFP and BGpA in the expression vector of Figure 1. The map of the resultant
expression vector is shown in Figure 6 (pGL2-SS*-CAG-SecNLuc-2A-eGFP-WPRE-
BGpA-SS*). The nucleic acid sequence for the vector is provided as SEQ ID NO:21.

[0357] Another polygenic expression vector was prepared that contains a CMV
enhancer/promoter and an engineered 5'UTR containing an internal minimal intron
sequence (i.e., S'UTR1, SEQ ID NO:2) in place of the CAG promoter in Figure 6. The
map of the resultant expression vector is shown in Figure 7 (pGL2-SS*-CMV-UTRI1-
SecNLuc-2A-eGFP-WPRE-BGpA-SS*). The nucleic acid sequence for the vector is
provided as SEQ ID NO:22.
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A further polygenic expression vector was prepared that contains a CMV
enhancer/promoter and an engineered 5'UTR containing an intron with an integrated
MAR-S5 (i.e., S'UTR2, SEQ ID NO:5) in place of the CAG promoter in Figure 6. The
map of the resultant expression vector is shown in Figure 8 (pGL2-SS*-CMV-UTR2-
SecNLuc-2A-eGFP-WPRE-BGpA-SS*). The nucleic acid sequence for the vector is
provided as SEQ ID NO:23.

B. Luciferase expression levels and durability

Adherent HEK293 cells were detached, resolved in electroporation media, and
counted at 1x10° cells/tube.

The expression vector (1 pug) was prepared and incubated with cells using
standard operating procedures for each of (1) pGL2-SS*-CAG-SecNLuc-2A-eGFP-
BGpA-SS* (see Example 1), (2) pGL2-SS*-CAG-SecNLuc-2A-eGFP-WPRE-BGpA-
SS*, (3) pGL2-SS*-CMV-UTR1-SecNLuc-2A-eGFP-WPRE-BGpA-SS*, and (4) pGL2-
SS*-CMV-UTR2-SecNLuc-2A-eGFP-WPRE-BGpA-SS*.

HEK?293 cells electroporated with puc57 plasmid lacking a mammalian

expression cassette served as a negative control.

After electroporation, HEK293 cells were seeded and adhered to wells at 3x10°
cells/well.
On days 2, 6, 10, 14, 17, 20, 27, and 34 after electroporation, luciferase expression

was evaluated by measuring the intensity of secreted luciferase in 20 pL of cell culture
media in triplicate for each of the four transfections and the negative control using the
Nano-Glo® Luciferase Assay System (Promega) according to manufacturer protocols.
Luciferase activity was measured using a BioTek® plate reader and displayed in Relative
Luminometer Units (RLU). Statistical analysis of luciferase activity was performed by
Student's T-test. See Figure 9, showing expression levels in media from cells transfected
with pGL2-SS*-CAG-SecNLuc-2A-eGFP-BGpA-SS* (pGL2-SecNLuc-eGFP), pGL2-
SS*-CAG-SecNLuc-2A-eGFP-WPRE-BGpA-SS* (WPRE), pGL2-SS*-CMV-UTRI1-
SecNLuc-2A-eGFP-WPRE-BGpA-SS* (S'UTR1+WPRE), or pGL2-SS*-CMV-UTR2-
SecNLuc-2A-eGFP-WPRE-BGpA-SS* (5'UTR2+WPRE) as compared to the negative
control (Neg. Ctl. (no plasmid)). * = p<0.05, ** = p<0.01, *** = p<0.001 and **** =
p<0.0001.
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[0364] Luciferase expression was detected throughout the duration of the experiment
from cells transfected with any of the four expression vectors. pGL2-SS*-CAG-
SecNLuc-2A-eGFP-WPRE-BGpA-SS*, pGL2-SS*-CMV-UTR1-SecNLuc-2A-eGFP-
WPRE-BGpA-SS*, and pGL2-SS*-CMV-UTR2-SecNLuc-2A-eGFP-WPRE-BGpA-SS*
all showed significantly higher luciferase expression as compared to pGL2-SS*-CAG-
SecNLuc-2A-eGFP-BGpA-SS*, with pGL2-SS*-CMV-UTR1-SecNLuc-2A-eGFP-
WPRE-BGpA-SS* showing the highest enhancement of expression.

C. Vector expansion to daughter cells and luciferase expression

[0365] HEK293 cells were transfected with the four expression vectors or the puc57
plasmid as a negative control, as described in part B of this example. Cells were passaged
weekly for five passages. At the time of cell passaging, cells were re-seeded at 1/6 of the
original cell density for passage numbers 1-3, and 1/10 of the original cell density for
passage numbers 4-5. For each cell passage, secreted luciferase expression was measured
6-8 days after cell re-seeding as described in part B of this example. See Figure 10,
showing expression levels in media from cells transfected with the vectors as compared to
the negative control at each passage number. Statistical analysis and p values were as
noted in part B of this example.

[0366] Luciferase expression was detected from cells transfected with any of the four
expression vectors at each passage number, showing that the vectors were passed down to
daughter cells with durable expression of luciferase. pGL2-SS*-CAG-SecNLuc-2A-
eGFP-WPRE-BGpA-SS*, pGL2-SS*-CMV-UTR 1-SecNLuc-2A-eGFP-WPRE-BGpA-
SS*, and pGL2-SS*-CMV-UTR2-SecNLuc-2A-eGFP-WPRE-BGpA-SS* all showed
significantly higher luciferase expression at each passage number as compared to pGL2-
SS*-CAG-SecNLuc-2A-eGFP-BGpA-SS*, with pGL2-SS*-CMV-UTR1-SecNLuc-2A-
eGFP-WPRE-BGpA-SS* showing the highest enhancement of expression.

[0367] In a subsequent study, msDNA expansion to daughter cells with durable
expression of luciferase was also observed.

[0368] Briefly, msDNA was produced from pGL2-SS*-CMV-UTR1-SecNLuc-2A-
eGFP-WPRE-BGpA-SS* in an inducible E. coli vector production system using methods
described herein and in U.S. Patent Nos. 9,290,778 and 9,862,954. Separate complexes
with lipofectamine were prepared with (1) the msDNA (i.e., msDNA-CMV-UTRI1-
SecNLuc-2A-eGFP-WPRE-BGpA) (2) the parental plasmid (i.e., pGL2-SS*-CMV-
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UTR1-SecNLuc-2A-eGFP-WPRE-BGpA-SS*), and (3) a conventional plasmid with a
luciferase expression cassette (i.e., pcDNA-CMV-5'UTR-SecNLuc-P2A-eGFP-bGHpA).
HEK293 cells were separately transfected with the vectors via electroporation in
individual wells for a total of 0.25 pmol vector /well. Cells were passaged 7 times, with a
10-fold cell dilution at each passage. Relative luciferase intensity was determined on days
8, 15,24, 31, 38, 45, and 52 for passage numbers 1, 2, 3, 4, 5, 6, and 7, respectively.
[0369] As shown in Figure 11, pGL2-SS*-CMV-UTR1-SecNLuc-2A-eGFP-WPRE-
BGpA-SS* (i.e., pDNA (CMV+U1+W)) and msDNA-CMV-UTR1-SecNLuc-2A-eGFP-
WPRE-BGpA (i.e., msDNA (CMV+U1+W) demonstrated durable transgene expression
at much higher levels across all passage numbers than pcDNA-CMV-5'UTR-SecNLuc-
P2A-eGFP-bGHpA (i.e., conventional plasmid containing no supersequence
(conventional pcDNA)). ** = p<0.01, *** = p<0.001 and **** = p<0.0001 as compared

to the conventional plasmid dataset.

D. Vector expansion to daughter cells and eGFP expression

[0370] Cells transfected with pGL2-SS*-CAG-SecNLuc-2A-eGFP-BGpA-SS* (pGL2-
SecNLuc-eGFP) or pGL2-SS*-CMV-UTR1-SecNLuc-2A-eGFP-WPRE-BGpA-SS*
(S'UTR1+WPRE) and passaged according to part C of this example were analyzed for
eGFP expression.

[0371] Imaging was performed 6 to 8 days after cell passaging for each passage number.
Live cell imaging was performed using a BioTek® Cytation™ 5 plate reader. See Figure
12A, showing representative photomicrographs of fluorescence in HEK-293 cells at
passage numbers 1, 2, 3, and 5. eGFP expression was detected from cells transfected with
either of the expression vectors at each passage number, showing that the vectors were
passed down to daughter cells with durable expression of eGFP. pGL2-SS*-CMV-UTR1-
SecNLuc-2A-eGFP-WPRE-BGpA-SS* showed a stronger fluorescent signal at each
passage number as compared to pGL2-SS*-CAG-SecNLuc-2A-eGFP-BGpA-SS*,
indicating a higher transfection efficiency.

[0372] One representative image was taken from each triplicate well for each expression
vector, and eGFP expressing cells (GFP*) were quantified by manual cell counting using
ImageJ computer software. Statistical analysis of GFP™ cells was performed using a

Student's t-test. See Figure 12B, showing a line graph of GFP™ cells observed in the field
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of view from the triplicate live fluorescent images at each passage number (non-
significant (ns) = p>0.05 due to variance in the triplicate images).

[0373] Imagel software was used to manually select each GFP* cell and measure the
Mean Fluorescence Intensity (MFI) for each cell based on pixel intensity. To calculate the
final MFI value for each cell, the following formula was used (Final MFI = Cell MFT -
Background MFI). MFI measurements were obtained for at least 50 cells from each of the
3 images taken for each treatment group. All MFI measurements were then pooled and
used to generate a dot plot. Statistical analysis was performed using a Student's t-test. See
Figure 12C, showing a dot plot of MFI at passage number 5, n = 257 cells for pGL2-
SS*-CAG-SecNLuc-2A-eGFP-BGpA-SS* and n =414 cells for pGL2-SS*-CMV-UTR1-
SecNLuc-2A-eGFP-WPRE-BGpA-SS*, ****=p<0.0001. The underlying bar graph in
Figure 12C shows the average MFI value for all measured GFP* cells. The MFI of
pGL2-SS*-CMV-UTR1-SecNLuc-2A-eGFP-WPRE-BGpA-SS* was measured to be
roughly 3-fold higher than pGL2-SS*-CAG-SecNLuc-2A-eGFP-BGpA-SS*.

Example 4 — Nonviral delivery with msDNA in animal models

[0374] Studies were conducted to assess targeted delivery of msDNA to the liver, retina,
and brain. For each target tissue, different routes of administration (ROAs), doses, dosing
regimens, and delivery techniques were evaluated. Secreted luciferase expression
kinetics, cytoplasmic eGFP expression levels, and transfection efficiency (TE) were
evaluated. In addition, tolerability to the msDNA was evaluated after single or multiple
injections by physiological assessment, tissue morphology analysis, plasma cytokine
assay, and liver toxicity analysis.

[0375] Across all delivery techniques, msDNA showed strong efficacy and tolerability
profiles in the brain and liver tissues via multiple intracerebroventricular (ICV) or
hydrodynamic injections (HDI) and intravenous (IV) injections, respectively. Adult mice
treated with msDNA showed sustained secreted luciferase levels (>10° RLU/mg protein)
after a single IV injection. The msDNA showed durable (>100 days) expression in the
liver tissue after a single IV injection. Significant biodistribution to deep tissue regions
was also demonstrated, with 80% to 97% TE in brainstem, cerebellum, cortex, and
thalamus. The triple ICV injections with the nanocarrier-msDNA complex did not show

any side effects.
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A. Liver

1. Expression of luciferase from a single high dose, 2 mg/kg (50 pg),
hydrodynamic injection of carrier-free naked plasmid

C57BL/6J male wild-type adult 8-12 weeks old mice were administered a single
high dose of 2 mg/kg (50 pug) of carrier-free pcDNA-CMV-5'UTR-SecNLuc-P2A-eGFP-
bGHpA (positive control with no supersequence), pGL2-SS*-CAG-SecNLuc-2A-eGFP-
BGpA-SS*, pGL2-SS*-CMV-UTR1-SecNLuc-2A-eGFP-WPRE-BGpA-SS*, or pGL2-
SS*-CAG-SecNLuc-2A-eGFP-WPRE-BGpA-SS* by hydrodynamic injection (HDI) via
the tail vein. The plasma of the treated mice was collected on days 1, 3, 7, 10, 15, 22, 28,
42, and 56 after HDI to examine luciferase gene expression. On day 1 post-vector
administration, all mice exhibited high levels of luciferase expression (10® -10° RLU per
mg of plasma protein). On day-7, the pPCAGLuc and the pCAGLuc-WPRE treated mice
produced 107 -108 RLU/mg of plasma protein, but the pPGSNLuc-WPRE treated mice
yielded lower luciferase levels (~10° RLU/mg protein). After 8-weeks post-vector
administration, all mice exhibited low levels of luciferase expression (around 10°
RLU/mg protein). The rapid drop of luciferase levels may have resulted from humoral or

cell-mediated immune responses induced in the plasmid treated mice. See Figures 13-14.

2. Expression of luciferase from a single low dose, 0.2 mg/kg (5 ng),
hydrodynamic injection of carrier-free naked plasmid

To test dose response of plasmid DNA following nonviral gene delivery in animal
models, C57BL/6J male wild-type adult 8-12 weeks old mice were administered a single
low dose of 0.2 mg/kg (5 pg) of carrier-free pcDNA-CMV-5'UTR-SecNLuc-P2A-eGFP-
bGHpA (positive control with no supersequence, 2 mice), pGL2-SS*-CAG-SecNLuc-2A-
eGFP-BGpA-SS* (2 mice), or pGL2-SS*-CAG-SecNLuc-2A-eGFP-WPRE-BGpA-SS*
(2 mice) by HDI via the tail vein. An additional 2 mice were not injected and served as a
negative control. The plasma of the mice was collected on days 1, 3, 7, 10, 15, 22, 28, 42,
and 56 after HDI to examine luciferase gene expression. The mice treated with pGL2-
SS*-CAG-SecNLuc-2A-eGFP-BGpA-SS* and pGL2-SS*-CAG-SecNLuc-2A-eGFP-
WPRE-BGpA-SS* showed sustained high levels of luciferase expression (107 -10®
RLU/mg protein) more than 8 weeks post-vector administration and more than 100-fold
higher expression than the conventional control plasmid having an isogenic expression

cassette but with no supersequence (SS). See Figure 15.
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[0378] In vivo whole body bioluminescence imaging (BLI) with IVIS was conducted by
injecting a 1:5 dilution of fluorofurimazine (FFz) intraperitoneally 24 hours after HDI of
the vectors. The BLI was shown to correlate with the level of luceriferase in the plasma

samples (data not shown).

3. Expression of luciferase from a single low dose, 0.2 mg/kg (5 pg),
hydrodynamic injection of carrier-free naked msDNA

[0379] msDNAs were produced from pGL2-SS*-CAG-SecNLuc-2A-eGFP-WPRE-
BGpA-SS* and pGL2-SS*-CMV-UTR1-SecNLuc-2A-eGFP-WPRE-BGpA-SS* in an
inducible E. coli vector production system using methods described herein and in U.S.
Patent Nos. 9,290,778 and 9,862,954

[0380] C57BL/6J male wild-type adult 8-12 weeks old mice were administered a single
low dose of 0.2 mg/kg (5 pg) of carrier-free pcDNA-CMV-5'UTR-SecNLuc-P2A-eGFP-
bGHpA (positive control, 5 mice), msDNA-CAG-SecNLuc-2A-eGFP-WPRE-BGpA (5
mice), or msDNA-CMV-UTR1-SecNLuc-2A-eGFP-WPRE-BGpA (5 mice) by
hydrodynamic injection (HDI) via the tail vein. An additional 2 mice were not injected
and served as a negative control. The plasma of the treated mice was collected on days 1,
3,7,10, 15, 22, 28, 42, and 56 after HDI to examine luciferase gene expression.

[0381] Similarly to plasmid treated mice, the msDNA-CAG-SecNLuc-2A-eGFP-WPRE-
BGpA treated mice produced sustained high levels of luciferase expression (107 -10®
RLU/mg protein) more than 8 weeks post-vector administration, whereas the luciferase
expression in msDNA-CMV-UTR1-SecNLuc-2A-eGFP-WPRE-BGpA treated mice
dropped to low levels (~10® RLU/mg protein) in less than one month. The rapid drop of
luciferase expression in msDNA-CMV-UTR1-SecNLuc-2A-eGFP-WPRE-BGpA treated
mice was likely due to silencing of the CMV promoter in hepatocytes.

[0382] Luciferase gene expression was confirmed via whole body live imaging with
IVIS.

[0383] Table 1, below, provides data from individual mice on days 1, 7, and 28 for
luciferase expression in plasma samples (RLU/mg protein) and as detected by BLI

(photons/sec).
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Vector Day 1 Day 7 Day 28
RLU/mg RLU/mg RLU/mg
photons/sec photons/sec photons/sec
pcDNA-CMV- 3.92x 108 4.38 x 10° 2.18 x 10°
5'UTR-SecNLuc- 670 7.9 11.6
P2A-eGFP-
bGHpA
msDNA-CMV- 2.49 x 108 5.54 x 10° 8.30 x 10°
UTRI1-SecNLuc- 505 18 4.81
2A-eGFP-WPRE-
BGpA
msDNA-CAG- 1.53 x 108 3.76 x 107 2.55x 107
SecNLuc-2A- 325 188 178
eGFP-WPRE-
BGpA
[0384] As shown in Figure 16, mice treated with msDNA-CAG-SecNLuc-2A-eGFP-

WPRE-BGpA demonstrated a 10-fold increase in luciferase expression as compared to
the parental plasmid, pGL2-SS*-CAG-SecNLuc-2A-eGFP-WPRE-BGpA-SS* at day 56
after HDI.

[0385] The data show that nonviral delivery with msDNA in mice was highly efficient

and the resulting gene expression was stable for more than two months.

4. Expression of eGFP from a single low dose, 0.2 mg/kg (5 pg), hydrodynamic
injection of carrier-free naked msDNA

[0386] Intracellular cytoplasmic eGFP expression levels were evaluated by ELISA.
Briefly, liver samples were collected from mice at 56 days after HDI with the single low
dose of 0.2 mg/kg (5 ng) of the vectors as described in part 3 and homogenized for
protein extraction. Total protein concentrations were determined from the liver lysates.
GFP protein levels were then analyzed by ELISA.

[0387] As evident by comparing the data in Figure 17 to the data for luciferase,
cytoplasmic GFP expression levels directly correlated to secretion levels of luciferase
from the same constructs.

[0388] As shown in Figure 18, single HDI tail-vein injection of 5 ug of carrier-free
msDNA-CAG-SecNLuc-2A-eGFP-WPRE-BgpA showed strong and durable cytoplasmic

eGFP expression in the liver tissue for a minimum of 56 days after HDI.
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5. Expression of msDNA in liver after low dose single intravenous injection and
tolerability profile

C57BL/6J male wild-type adult 8-12 weeks old mice were administered 0.3 mg/kg
pcDNA-CMV-5'UTR-SecNLuc-P2A-eGFP-bGHpA (positive control with no
supersequence), msDNA-CMV-UTR1-SecNLuc-2A-eGFP-WPRE-BGpA, pGL2-SS*-
CMV-UTR1-SecNLuc-2A-eGFP-WPRE-BGpA-SS*, msDNA-CAG-SecNLuc-2A-
eGFP-WPRE-BGpA, or pGL2-SS*-CAG-SecNLuc-2A-eGFP-WPRE-BGpA-SS*
lipoplexed with a lipid nanoparticle carrier through a single intravenous tail vein
injection. The carrier also served as a negative vehicle control.

In vivo whole body bioluminescence imaging (BLI) with IVIS was conducted as
described above on days 1, 3, 10, 30, 58, 92, 119, and 174 after the single IV injection of
the vectors. As shown in Figure 19, the msDNA constructs outperform the precursor and
conventional plasmids and show high and sustained luciferase secretion.

Serum alanine aminotransferase (ALT) level, liver cytotoxicity, and cytokine
responses also were evaluated following injection of the vectors. Precursor plasmid and
msDNA containing the CAG promoter showed a higher tolerability profile compared to
constructs containing the CMV promoter. However, msDNA containing the CMV
promoter showed dramatically lower cytokine and liver toxicity responses compared to
the CMV precursor parent and the conventional plasmid. See Table 2, below, showing
cytokine concentrations (pg/mL) and enzyme concentrations (U/L) of liver function

markers at 4 hours and 14 days after injection.
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B. Brain

[0392] msDNAs were produced from pGL2-SS*-CAG-SecNLuc-2A-eGFP-WPRE-
BGpA-SS* and pGL2-SS*-CMV-UTR1-SecNLuc-2A-eGFP-WPRE-BGpA-SS* in an
inducible E. coli vector production system using methods described herein and in U.S.
Patent Nos. 9,290,778 and 9,862,954

[0393] Adult wild type mice were administered msDNA-CAG-SecNLuc-2A-eGFP-
WPRE-BGpA formulated with a nanocarrier (3 mice) or msDNA-CMV-UTR1-SecNLuc-
2A-eGFP-WPRE-BGpA formulated with a nanocarrier (3 mice) by three
intracerebroventricular (ICV) injections of 1 ug DNA each via implanted cannula on days
0, 14, and 28 after implantation. Animals were euthanized on day 42 after implantation,
and sagittal brain sections were collected from the cortex, thalamus, brainstem, and
cerebellum.

[0394] Figure 20 shows cortex, thalamus, brainstem and cerebellum sections from
Mouse #1 of the treatment group injected with msDNA-CAG-SecNLuc-2A-eGFP-
WPRE-BGpA. Transfection efficiencies for msDNA in the sections were determined to
be 81.9%, 73.0%, 69.2%, and 96.0% in the cortex, thalamus, brainstem, and cerebellum
(Purkinje cells), respectively. Transfection efficiencies were calculated as the percentage
of cells positive for both GFP and DAPI among all DAPI-positive cells.

[0395] Comparisons between GFP expression in the cortex, thalamus, and brainstem
sections from Mouse #1 of the treatment group injected with msDNA-CAG-SecNLuc-
2A-eGFP-WPRE-BGpA and a mouse injected with control plasmid, pcDNA-CMV-
5'UTR-SecNLuc-P2A-eGFP-bGHpA, showed that transfection efficiencies and resultant
GFP expression were higher with msDNA versus the conventional plasmid (data not
shown).

[0396] Figure 21 shows sections from the cortex and thalamus and Figure 22 shows
sections from the brainstem and cerebellum from Mouse #2 of the treatment group
injected with msDNA-CAG-SecNLuc-2A-eGFP-WPRE-BGpA. Neurons were marked
with the neuronal marker NeuN and transfected cells were shown to express GFP.
Transfection efficiencies were determined to be 99.6%, 98.8%, 98.5%, and 80.8% in the
cortex, thalamus, brainstem, and the cerebellum (Purkinje cells), respectively.
Transfection efficiencies were calculated as the percentage of cells positive for both GFP

and NeuN among all NeuN-positive cells.
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[0397] Figure 23 shows sections from the cortex and thalamus and Figure 24 shows
sections from the brainstem and cerebellum from Mouse #1 of the treatment group
injected with msDNA-CMV-UTR1-SecNLuc-2A-eGFP-WPRE-BGpA. Neurons were
marked with the neuronal marker NeuN and transfected cells were shown to express GFP.
Transfection efficiencies were determined to be 91.1%, 88.8%, 73.7%, and 92.1% in the
cortex, thalamus, brainstem, and the cerebellum (Purkinje cells), respectively.
Transfection efficiencies were calculated as the percentage of cells positive for both GFP
and NeuN among all NeuN-positive cells.

[0398] Table 3 below summarizes the transfection efficiencies discussed above for mice
injected with msDNA-CAG-SecNLuc-2A-eGFP-WPRE-BGpA (“CAG-WPRE”) or
msDNA-CMV-UTR1-SecNLuc-2A-eGFP-WPRE-BGpA (“CMV-WPRE”).

Table 3.
Treatment Animal Brain Region Transfection Efficiency (%)
Group Cortex | Thalamus | Brainstem | Cerebellum
(Purkinje
cells)
CAG-WPRE | Mouse #1 81.9 73.0 69.2 96.0
CAG-WPRE | Mouse #2 99.6 98.8 98.5 80.8
CMV-WPRE | Mouse #1 99.1 88.8 73.7 92.1
[0399] Repeated ICV injections via implanted cannula resulted in good overall tissue
integrity with no signs of cytotoxicity or neurodegeneration.
[0400] The data show that msDNA was redosable and resulted in high transfection

efficiencies, biodistribution, and transgene expression in multiple brain regions with no

morphological adverse effects.

Example 5 — Efficacy and safety in human cells

[0401] pcDNA-CMV-5'UTR-SecNLuc-P2A-eGFP-bGHpA (positive control), msDNA-
CMV-UTR1-SecNLuc-2A-eGFP-WPRE-BGpA, pGL2-SS*-CMV-UTR1-SecNLuc-2A-
eGFP-WPRE-BGpA-SS*, msDNA-CAG-SecNLuc-2A-eGFP-WPRE-BGpA, or pGL2-
SS*-CAG-SecNLuc-2A-eGFP-WPRE-BGpA-SS* were each lipoplexed with a lipid
nanoparticle carrier.

[0402] Human T cells (Pan-T(TA+)) and hepatocytes (Huh7) were transfected by 0.3
ug/mL or 1 pg/mL doses of the lipoplexed vectors.
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[0403] The lipoplexed msDNA vectors showed high expression in both cell types on days
3 and 5 after transfection as compared to the parental and conventional plasmids. See
Figures 25-26.

[0404] Lipoplexed msDNA was also well-tolerated in human peripheral blood
mononuclear cells (PBMCs) ex vivo. In particular, msDNA showed significantly lower
cytokine profile levels in human PBMCs compared to conventional plasmid (data not

shown).

Example 6 — Homology directed repair with msDNA

[0405] Studies were conducted to assess homology directed repair mediated by msDNA
as compared to conventional plasmid DNA.

[0406] A conventional plasmid was produced with an expression cassette containing a
gene of interest (GOI) flanked by 5' and 3' homology arms (Plasmid DNA HDR-GOI-
HDR).

[0407] An msDNA expression vector was produced with the same HDR-GOI-HDR
sequence as used in the conventional plasmid flanked by two Super Sequence sites.
msDNA containing the HDR-GOI-HDR (msDNA HDR-GOI-HDR) was then produced
in an inducible E. coli vector production system using methods described herein and in
U.S. Patent Nos. 9,290,778 and 9,862,954,

[0408] Induced pluripotent stem cells (iPSCs) were transfected with equal molarities of
either Plasmid DNA HDR-GOI-HDR or msDNA HDR-GOI-HDR along with a CRISPR
gene editing system to mediate homology directed repair knock-in (HDR KI) of the GOI.

[0409] Homology directed repair knock-in (HDR KI) efficiencies of the GOI was
evaluated with fluorescence activated cell sorting (FACS) by counting the total number of
integrated healthy iPSCs that expressed the GOI on their surface relative to the total
number of transfected cells on days 3, 7, and 15 after transfection. As shown in Q3 of
Figures 27B, 28B, and 29A, the HDR KI efficiencies were 8.60%, 7.76%, and 8.05%,
respectively, for the conventional plasmid at 3, 7, and 15 days after transfection,
respectively. As shown in Q3 of Figures 27C, 28C, and 29B, higher HDR KI efficiencies
of 15.4%, 15.4%, and 15.7%, respectively, were observed for msDNA at 3, 7, and 15

days after transfection, respectively.
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Example 7 — Expression vectors containing regulatory sequence modifications
A. Expression vectors

[0410] Expression vectors containing two Super Sequence sites, a CMV
enhancer/promoter, an engineered 5S'UTR containing an internal minimal intron sequence,
and a polygenic expression cassette encoding eGFP and Nluc as described in Examples 1
and 2 were also designed to contain a 3'UTR containing two copies of a human beta-
globin polyadenylation signal and 120 adenine nucleotides (i.e., 2huBGpA-A120, SEQ
ID NO: 17) and one or more of: (1) a synthetic enhancer (i.e., Enhancer-1 (E1), SEQ ID
NO: 12) located at the 5' end of the CMV enhancer, (2) a WPRE located at the 5' end of
the 3'UTR, (3) a SRF-UCOE located at the 3' end of the 5' Super Sequence; and (4) a
human CSP-B MAR (huMAR) located at the 3' end of eGFP. Maps of the designed
vectors are shown in Figures 30-38. Figure 30 shows a map of the expression vector
containing the 3'UTR (SS*-CMV-UTR1-SecNLuc-2A-eGFP-3'UTR[2hBGpA-A120]-
SS*, SEQ ID NO: 24). Figure 31 shows a map of the expression vector containing the E1
and 3'UTR (SS*-E1-CMV-UTR1-SecNLuc-2A-eGFP-3'UTR[2hBGpA-A120]-SS*, SEQ
ID NO: 25). Figure 32 shows a map of the expression vector containing the E1, WPRE,
and 3'UTR (SS*-E1-CMV-UTR1-SecNLuc-2A-eGFP-WPRE-3'UTR[2hBGpA-A120]-
SS*, SEQ ID NO: 26). Figure 33 shows a map of the expression vector containing the
UCOE, E1, WPRE, and 3'UTR (SS*-UCOE-E1-CMV-UTR1-SecNLuc-2A-eGFP-
WPRE-3'UTR[2hBGpA-A120]-SS*, SEQ ID NO: 27). Figure 34 shows a map of the
expression vector containing the E1, huMAR, and 3'UTR (SS*-E1-CMV-UTR1-
SecNLuc-2A-eGFP-huMAR-3'UTR[2hBGpA-A120]-SS*, SEQ ID NO: 28). Figure 35
shows a map of the expression vector containing the UCOE, E1, huMAR, and 3'UTR
(SS*-UCOE-E1-CMV-UTR1-SecNLuc-2A-eGFP-huMAR-3'UTR[2hBGpA-A120]-SS*,
SEQ ID NO: 29). Figure 36 shows a map of the expression vector containing the UCOE,
El, WPRE, and 3'UTR (SS*-UCOE-E1-CMV-UTR1-SecNLuc-2A-eGFP-WPRE-
3'UTR[2hBGpA-A120]-SS*, SEQ ID NO: 30). Figure 37 shows a map of the expression
vector containing the E1, huMAR, WPRE, and 3'UTR (SS*-E1-CMV-UTR1-SecNLuc-
2A-eGFP-huMAR-WPRE-3'UTR[2hBGpA-A120]-SS*, SEQ ID NO: 31). Figure 38
shows a map of the expression vector containing the UCOE, E1, huMAR, WPRE, and
3'UTR (SS*-UCOE-E1-CMV-UTR1-SecNLuc-2A-eGFP-huMAR-WPRE-
3'UTR[2hBGpA-A120]-SS*, SEQ ID NO: 32).
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B. Luciferase expression levels

[0411] HEK293 cells were separately transfected with (1) a conventional plasmid,
pcDNA-CMV-5'UTR-SecNLuc-P2A-eGFP-bGHpA as shown in Figure 2, (2) SS*-CMV-
UTR1-SecNLuc-2A-eGFP-3'UTR[2hBGpA-A120]-SS*, (3) S*-E1-CMV-UTR1-
SecNLuc-2A-eGFP-3'UTR[2hBGpA-A120]-SS*, and (4) SS*-E1-CMV-UTR1-
SecNLuc-2A-eGFP-WPRE-3'UTR[2hBGpA-A120]-SS* using standard operating
procedures.

[0412] On days 2, 3, 7, 10, 14, 21, and 28 after electroporation, luciferase expression was
evaluated by measuring the intensity of secreted luciferase from the media of cultured
cells as described in Example 2B. See Figure 39, showing expression levels in media
from cells transfected with pcDNA-CMV-5'UTR-SecNLuc-P2A-eGFP-bGHpA
(Conventional pDNA CMV-U), SS*-CMV-UTR1-SecNLuc-2A-eGFP-3'UTR[2hBGpA-
A120]-SS* (A: CMV-U1-3'UTR), SS*-E1-CMV-UTR1-SecNLuc-2A-eGFP-
3'UTR[2hBGpA-A120]-SS* (B: EI-CMV-U1-3'UTR), and SS*-E1-CMV-UTR1-
SecNLuc-2A-eGFP-WPRE-3'UTR[2hBGpA-A120]-SS* (C: E1-CMV-U1-WPRE-
3'UTR).

[0413] As shown in Figure 39, luciferase expression was increased and durable in
msDNA expression vectors containing the 3'UTR as compared to the conventional
plasmid having an identical promoter and polygenic expression cassette. Expression was
further increased with addition of E1 (A vs B) and WPRE (B vs C) genetic elements to
the msDNA expression vectors, and the additive effects of the E1 and WPRE genetic
elements resulted in the highest luciferase expression associated with construct C.

Statistical analysis was performed using a t-test. * = p<0.05 and ** = p<0.01.

C. Vector expansion to daughter cells and luciferase expression

[0414] HEK293 cells were transfected with the four expression vectors described in part
B of this example. Cells were passaged every 7 days for five passages. At the time of cell
passaging, cells were re-seeded at 1/10 of the original cell density. For each cell passage,
secreted luciferase expression was measured as described in Example 2B. See Figure 40,
showing expression levels in media from cells transfected with the msDNA expression
vectors as compared to the conventional plasmid. Statistical analysis and p values were as

noted in part B of this example.
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[0415] Luciferase expression was detected from cells transfected with any of the msDNA
expression vectors at each passage number, showing that the vectors were passed down to
daughter cells with durable expression of luciferase.

[0416] As shown in Figure 40, the additive effects of the E1 and WPRE genetic elements
resulted in the highest luciferase expression associated with construct C at each passage

number, and the most durable expression following multiple passages.

Example 8 — Expression vectors containing synthetic promoter sequences
A. Expression vectors

[0417] Five synthetic promoter sequences were produced: (1) CAG [E1X3+CBA
promoter+intron] (SEQ ID NO: 35), containing three copies of the synthetic enhancer E1
(i.e., 3 copies of SEQ ID NO: 12), a chicken B-actin promoter, and chimeric intron, (2)
CAG [E2+CBA promoter+intron] (SEQ ID NO: 36), containing E2 (U100), a chicken 3-
actin promoter, and chimeric intron, (3) CAG [E1X3+CBA promoter+UTR1] (SEQ ID
NO: 37), containing three copies of the synthetic enhancer E1, a chicken B-actin
promoter, and 5'UTR1 (i.e., SEQ ID NO: 2), (4) CAG [E2 (U100)+CBA
promoter+UTR1] (SEQ ID NO: 38), containing E2 (U100), a chicken B-actin promoter,
and 5'UTRI, and (5) CMV enhancer-EF1-UTR1 (SEQ ID NO: 39), containing a CMV
enhancer, an EFla short promoter, and 5S'UTR1.

[0418] A conventional plasmid was produced containing a CMV enhancer, a chicken [3-
actin promoter, and chimeric intron and a polygenic expression cassette encoding eGFP
and Nluc as described in Examples 1 and 2. A map of the conventional plasmid is shown
in Figure 41 (pGL2-CAG-SecNLuc-2A-eGFP-WPRE-bGlobin polyA, SEQ ID NO: 34).

[0419] An msDNA expression vector was produced containing two Super Sequences
sites, a CMV enhancer, a chicken B-actin promoter, chimeric intron, a polygenic
expression cassette encoding eGFP and Nluc, WPRE, and 3'UTR. A map of the vector is
shown in Figure 42 (4-1 pGL2-SS*-CAG [CMV enhancer+CBA Promoter+intron]-
SecNLuc-2A-eGFP-WPRE-3"UTR(108 to 120 polyA)-SS*, SEQ ID NO: 40).

[0420] Five msDNA expression vectors were produced containing two Super Sequences
sites, a polygenic expression cassette encoding eGFP and Nluc, WPRE, and 3'UTR along
with one of synthetic promoters (1)-(5) as described above, with respective vector maps

shown in Figure 43 (4-2 pGL2-SS*-CAG [E1 X3+CBA promoter+introne]-SecNLuc-
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2A-eGFP-WPRE-3"UTR(108 to 120 polyA)-SS*, SEQ ID NO: 41), Figure 44 (4-3
pGL2-SS*-CAG [E2(U100)+CBA promoter+introne]-SecNLuc-2A-eGFP-WPRE-
3’UTR(108 to 120 polyA)-SS*, SEQ ID NO: 42), Figure 45 (4-4 pGL2-SS*-CAG [E1
X3+CBA promoter+tUTR1]-SecNLuc-2A-eGFP-WPRE-3"UTR(108 to 120 polyA)-SS*,
SEQ ID NO: 43), Figure 46 (4-5-pGL2-SS*-CAG [E2 (U100)+CBA promoter+UTR1]-
SecNLuc-2A-eGFP-WPRE-3"UTR (108 to 120 polyA)-SS*, SEQ ID NO: 44), and
Figure 47 (4-6-pGL2-SS*-CMYV enhancer-EF1-UTR1-SecNLuc-2A-eGFP-WPRE-
3’UTR(108 to 120 polyA)-SS*, SEQ ID NO: 45).

B. Luciferase expression levels

[0421] HEK?293 cells were seeded in a 24-well plate at 1x10° cells/well and separately
transfected with a complex of lipofectamine and the vectors described in part A of this
example at 0.25 pmol DNA/well. Secreted luciferase expression was measured as
described in Example 2B at 3 and 6 days after transfection. See Figure 48, showing
expression levels in media from cells transfected with the msDNA expression vectors as
compared to the conventional plasmid. Statistical analysis was performed using two-way
Anova analysis relative to the conventional plasmid. * = p<0.05, ** = p<0.01, and ****=
p<0.0001.

[0422] Luciferase expression levels were higher for all msDNA expression vectors as
compared to the conventional plasmid. The highest expression was observed with 4-6-
pGL2-SS*-CMYV enhancer-EF1-UTR1-SecNLuc-2A-eGFP-WPRE-3"UTR(108 to 120
polyA (4-6: CMV-EF1-UTR1-W-3'UTR), which contains the EF-1 promoter element in
combination with the CMV enhancer and 5'UTRI.

Example 9 — SS and Expression Cassette Modifications

[0423] The impact of modifications to the Super Sequence (SS) and the expression
cassettes of the expression vectors as described in the present disclosure will be evaluated
in terms of transfection efficiencies, expression of nucleic acid sequences of interest
(including reporter genes, such as polygenic GFP and luciferase expression cassettes as
described in Examples 1 and 2), and durability/expansion of the vectors in dividing cells
(including rapid and slow dividing cells). Modifications to the SS also will be evaluated

for restriction enzyme activity on these sites.



WO 2022/264095 PCT/1B2022/055620
- 88 -

[0424] Modifications will include individual modifications and combinations such as, but
not limited to, an endonuclease target sequence integrated in non-binding regions for the
recombinases in the SS between the vector backbone and the cleavage sites for the
recombinases, a CAG promoter integrated between the 3' end of the first target sequence
for the first recombinase (i.e., the 3' end of the 5' SS) and 5' to the promoter in the
expression cassette, a CMV enhancer integrated between the 3' end of the first target
sequence for the first recombinase (i.e., the 3' end of the 5' SS) and 5' to the promoter in
the expression cassette, an Enhancer-1 sequence located 5' to a CMV enhancer and/or 3'
toa UCOE, a CMV, EF1, SV40, CAG, Rho, VDM2, HCR, or HLP promoter or variant
thereof, a CMV promoter variant, an EF 1-alpha promoter, a synthetic promoter, a S'UTR
comprising an intron integrated in the expression cassette between a promoter and nucleic
acid sequence of interest with or without non-coding sequences integrated within the
intron (e.g., a 5'UTR comprising the nucleic acid sequence of any one of SEQ ID NOs:2-
5), a vertebrate chromatin insulator integrated in the expression cassette between the
nucleic acid of interest and a polyadenylation signal, a woodchuck hepatitis virus post-
transcriptional regulatory element integrated in the expression cassette between the
nucleic acid of interest and a polyadenylation signal, a scaffold/matrix attachment region
integrated in the expression cassette between the nucleic acid of interest and a
polyadenylation signal, an ubiquitous chromatin opening element located 5' to the
promoter in the expression cassette (e.g., at the 3' of the 5' SS and prior to other sequences
in the expression cassette), a 3'UTR integrated in the expression cassette between the
nucleic acid of interest and the 3' SS, such as directly following a stop codon (e.g., a
3'UTR comprising the nucleic acid sequence of any one of SEQ ID NOs:13-16), and/or a
poly(A) tail (e.g., as the 3' end of a 3'UTR) comprising 100 to 120 adenine nucleotides.
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SEQUENCES
SEQ ID NO:1 artificial intron

gtaagtcgacgggccgggcectgggcececgggtececgggecgggtegttggateccecccactacageccga
tactcaagcttgacgaattcgagtatccaaggtagtggactagtgtgacgctgctgaccecttte

tttccecttectgecag
SEQ ID NO:2 5'UTRI1

ctgccttcteectectgtgagtttggtaagtcgacgggccgggcctgggeccgggteccgggecggyg
tcgttggatcecccactacageccgatactcaagcttgacgaattcgagtatccaaggtagtggac
tagtgtgacgctgctgacccctttectttcececttetgcaggttggtgtacagtagettceca

SEQ ID NO:3 5'UTR1 with MAR-5 insertion

ctgccttecteectectgtgagtttggtaagtecgacgggececgggectgggecgggteecgggeecggyg
tatccatagctgattggtctaaaatgagatacatcaacgctcecctceccatgttttttgttttetttt
taaatgaaaaactttattttttaagaggagtttcaggttcatagcaaaattgagaggaaggtaca
ttcaagctgaggaagttttcctctattcctagtttactgagagattgcatcatgaatgggtgtta
aattttgtcaaatgctttttctgtgtctatcaatatgaccatgtgattttcttctttaacctgtt
gatgggacaaattacgttaattgattttcaaacgttgaaccacccttacatatctggaataaatt
ctacttggttgtggtgtatattttttgatacattcttggattctttttgctaatattttgttgaa
aatgtttgtatctttgttcatgagagatattggtctgttgttttecttttecttgtaatgtcatttt
ctagttccggtattaaggtaatgctggcctagttgaatgatttaggaagtattcecctetgettet
gtcttctgaaagagattgtagaaagttgatacaatttttttttctttaaatatcttgatagtcgt
tggatccccactacagcccgatactcaagecttgacgaattcgagtatccaaggtagtggactagt
gtgacgctgctgacccctttctttcececcttetgcaggttggtgtacagtagetteca

SEQ ID NO:4 5'UTR

attgggatcttcacacagcaggtaaggttgcgggccgggectgggeccgggtcecgggeccgggecge
actgacccctggtgttgctttttttttttaggccgcaagectgaagegtgtec

SEQ ID NO:5 5'UTR2 (5'UTR of SEQ ID NO:4 with MAR-5 insertion)

attgggatcttcacacagcaggtaaggttgcgggccgggectgggececgggtecgggecgggtate
catagctgattggtctaaaatgagatacatcaacgctcctccatgttttttgttttetttttaaa

tgaaaaactttattttttaagaggagtttcaggttcatagcaaaattgagaggaaggtacattca
agctgaggaagttttcctctattecctagtttactgagagattgcatcatgaatgggtgttaaatt
ttgtcaaatgctttttctgtgtctatcaatatgaccatgtgattttettctttaacctgttgatyg
ggacaaattacgttaattgattttcaaacgttgaaccacccttacatatctggaataaattctac
ttggttgtggtgtatattttttgatacattcttggattctttttgctaatattttgttgaaaatyg
tttgtatctttgttcatgagagatattggtctgttgttttcttttcttgtaatgtcattttctag
ttccggtattaaggtaatgectggecctagttgaatgatttaggaagtattccctectgettcectgtet
tctgaaagagattgtagaaagttgatacaatttttttttctttaaatatcttgatagccgecactyg
acccctggtgttgetttttttttttaggeccgcaagetgaagegtgtece
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SEQ ID NO:6 A2UCOE element

gcggccgcacgcgtggcecctecgegectacagetcaagecacateccgaagggggagggagecggyg
agctgcgcgecggggccgceccggggggaggggtggcaccgecccacgeccgggeggcecacgaagggcgy
ggcagcgggcgcgegcegeggcggggggaggggecggegecgegecegetgggaattggggeecta
gggggagggcggaggcgccgacgaccgeggcacttacegttecgeggegtggegeceggtggtcecee
caaggggagggaagggggaggcggggcgaggacagtgaccggagtctcecctcageggtggetttte
tgcttggcagcctcagecggectggegecaaaaccggactcecgeccacttectegececgeecggtgeg
agggtgtggaatcctccagacgctgggggagggggagttgggagettaaaaactagtaccecttt
gggaccactttcagcagcgaactctcctgtacaccaggggtcagttccacagacgegggeccaggg
gtgggtcattgcggcgtgaacaataatttgactagaagttgattcgggtgtttccggaaggggec
gagtcaatccgccgagttggggcacggaaaacaaaaagggaaggctactaagatttttcectggegg
gggttatcattggcgtaactgcagggaccacctccececgggttgagggggectggatctceccaggetge
ggattaagcccctecececgteggegttaatttcaaactgegegacgtttcectecacctgecttegecaa
ggcaggggccgggaccctattccaagaggtagtaactagcaggactctagecttecgcaattecat
tgagcgcatttacggaagtaacgtcgggtactgtctectggececgcaagggtgggaggagtacgeat
ttggcgtaaggtggggcgtagagccttccegecattggcggeggatagggegtttacgegacggce
ctgacgtagcggaagacgccttagtgggggggaaggttctagaaaagcggecggcageggetcectag
cggcagtagcagcagcgcecgggtceccececgtgeggaggtgetectegecagagttgtttecteccagecage
ggcagttctcactacagcgccaggacgagtcececggttegtgttegtecgeggagatectcecteteate
tcgetecggetgecgggaaatecgggetgaagegactgagteccgegatggaggtaacgggtttgaaat
caatgagttattgaaaagggcatggcgaggccgttggegcecctecagtggaagteggccagceccgect
ccgtgggagagaggcaggaaatcggaccaattcagtagcagtggggettaaggtttatgaacggg
gtcttgagcggaggcctgagcgtacaaacagecttcecccaccctcagectcececeggegecattteee

ttcactgggggtgggggatggggagctttcacatggcggacgctgccececgetggggtgaaagtgg
ggcgcggaggcgggacttcttattcecctttctaaagecacgetgettcgggggecacggegtectec

tcggacggcegggegegcec
SEQ ID NO:7 SRF-UCOE

gcacacgaccacaattccactgaaagcattttaatacggaacttgtcactcccagggagectecg
ctcagccggcagttggttcatttcaatcceccacgacaacccttcaaagtgcagggcagacagcag
gtggctctgcccaggcgcecctggatcacagecccggectgcagecctecacctgggecgeggggagace
ctgaggacgctcctecaggeggcecgetggeecggggectgeggacacggacgggegggetgagetece
gggaccccteccceccgegeceecgcaceccgeaccecegeacceegecaceccgecaccecggegcetecacece
gtcccagcecccgeegeccgecagceeccagetgcaacgcagecaccgecgceccatecgecaccecggecce
gcgggcegcttceccgggacgcaggaggcatctgecatececggggegecgectgagteccgeccagagece
cgcceccecceggcectceccaggttetgegageggetteecgecgggetgeteccgegggegegteggecatga
gcgagttgeccgggegacgtgcecgggegtttetgegggagcaccecgagectgeggetecagacggac
gcccgcaaggttcgcagcgcgggaggggaacggagtggcggagaagggcgcagttgggatgaggy
gctgaggggagggcagggga
gaggagagggcaggggagaggggagaggggagagcaggagagaggggaaggcaggggagagggcyg
cggcgggatcaggggaggagagggaa

SEQ ID NO:8 cHS4 insulator

ggggagctcacggggacagcccceccccaaagececcagggatgtaattacgtecectececeeget
agggggcagcagcgaccgeccggggctcececgctecggteceggegetcececcecgeatececgagecgg
cagcgtgcggggacagcccgggcacggggaaggtggcacgggatcgetttectectgaacgettet
cgctgctcectttgagcctgcagacacctgggggatacggggaaaaggggagctcacggggacagcec
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cccceeccaaagceccccagggatgtaattacgtcecectececececgetagggggcagcagecgaccgece
ggggctccecgctececggteccggegeteccececgecateccgagecggcagegtgeggggacageccygg
gcacggggaaggtggcacgggatcgctttectctgaacgettctegectgetectttgagectgcecag
acacctgggggatacggggaaaa

SEQ ID NO:9 MAR-5

tatccatagctgattggtctaaaatgagatacatcaacgctcecctceccatgttttttgttttetttt
taaatgaaaaactttattttttaagaggagtttcaggttcatagcaaaattgagaggaaggtaca
ttcaagctgaggaagttttecctctattcctagtttactgagagattgcatcatgaatgggtgtta
aattttgtcaaatgctttttctgtgtctatcaatatgaccatgtgattttcttctttaacctgtt
gatgggacaaattacgttaattgattttcaaacgttgaaccacccttacatatctggaataaatt
ctacttggttgtggtgtatattttttgatacattcttggattctttttgctaatattttgttgaa
aatgtttgtatctttgttcatgagagatattggtctgttgttttcttttcttgtaatgtcatttt
ctagttccggtattaaggtaatgctggcctagttgaatgatttaggaagtattceccecctetgettet
gtcttctgaaagagattgtagaaagttgatacaatttttttttctttaaatatcttgatag

SEQ ID NO:10 human CSP-B MAR (huMAR)

ggatcccattctccttgatgtactaatttttctttaaaagtgataataatagctcccatttagaa
tttttaaataacacaacaaatgtaaagtaactaatgtgtcctcectggatcatggtaagtaatgaat
aaatttaactccctttaccttetececctttgectattttttccatgectaggatttatacatttttaa
aaaactaaatctgctatcaaatgacagctttaaatttactttttaaaatttgttattgtatatat
ttatggggtataaagtgatgttatgatatatatatacacaatgtacactgattaaatcaagccaa
ttaacattttatcatctcaaatacttaacattttttgtagtgagaacatttgaaatttactttta
gcaatttcaaaacatacattattattattaactatagtcaccatgatgtaccatagatctttaaa
aacttattcttcctgcecctaactgaaactttgtactctttgactaacatcttttcatteccecceccact
tcccagectcectggtaatcaccattacacactectgettectatgagttcaattgetttagactceccac
gtaataaatgagatcatgcagcatttggctttctgtgecctggettatcecttgettagecatggtgt
cttacaggttcatccatgttgcaacaaataacagaatctcattctttgttaaggctgaatactat
tccattgggtatatataccacattttccttatccattaatccactgatggacccttaggttgttyg
attccatatattggctattgtaaatagtgcagcaatgaacatgagagtgcaactatctcttcaat
gtactgatttcgaatccttcggatctatctcagaagtgagattgcaggatcatataattctactt
ttagtcttttgaggagctccatacagctttccatatggccatactaattacattctcatcaacag
tgtacaatggtttccttttctccacatcctcaccaacatttataattttttgtectttttgataat
agccatctgacaggtgtaaagtgatagctcattgcagttttaatttgcattttttgatgattagt
aatgttgagaattttttcatatatctcttggccagttgcatgtcttctttggaaaaatgtctatt
cagttcctttgcccattttttaattgggatttttggtttcttgctattgagttgtttgaatte

SEQ ID NO:11 WPRE

Tcgacaatcaacctctggattacaaaatttgtgaaagattgactggtattcttaactatgttget
ccttttacgctatgtggatacgctgctttaatgectttgtatcatgectattgetteccecgtatgge
tttcattttctcctecttgtataaatcecctggttgetgtectectttatgaggagttgtggecegttyg
tcaggcaacgtggegtggtgtgcactgtgtttgctgacgcaacccccactggttggggecattgec
accacctgtcagctecctttecgggactttegcttteccectecctattgecacggeggaacteat
cgccgectgecttgeccgetgectggacaggggctecggetgttgggcactgacaattecegtggtgt
tgtcggggaagctgacgtcecctttceccatggetgcectegectgtgttgecacctggattcectgegeggg
acgtccttectgctacgtcecttecggecctecaateccageggaccttecttecegeggectgetgece
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ggctctgcggectcecttecgegtettegecttegecctcagacgagtecggatcteccctttgggeeg
ccteccecgectg

SEQ ID NO:12 Enhancer-1

gggactttccggggcggggcacgtggtgcacgggacttteecgtgecacgtgecacgggactttecgg
gactttccgggactttceccgtgcaccacgtggggactttcecegtgecac

SEQ ID NO:13 2 copies of Xenopus leavis beta-globin polyadenylation signal (2xIBGpA)

aaccagcctcaagaacacccgaatggagtctctaagctacataataccaacttacactttacaaa
atgttgtcccccaaaatgtagccattegtatctgetectaataaaaagaaagtttettcacaacc
agcctcaagaacacccgaatggagtctctaagctacataataccaacttacactttacaaaatgt
tgtcccccaaaatgtagccattcogtatctgctectaataaaaagaaagtttctteac

SEQ ID NO:14 2 copies of human beta-globin polyadenylation signal (2huBGpA)

gctcgcetttcecttgetgtccaatttectattaaaggttectttgttecctaagtccaactactaaac
tgggggatattatgaagggccttgagcatctggattctgecctaataaaaaacatttattttcatt
gcaagctcgctttcttgctgtccaatttctattaaaggttectttgttcectaagtccaactact
aaactgggggatattatgaagggccttgagcatctggattctgecctaataaaaaacatttatttt
cattgcaa

SEQ ID NO:15 hybrid Xenopus leavis and human beta-globin polyadenylation signal
(xlhuBGpA)

aaccagcctcaagaacacccgaatggagtctctaagctacataataccaacttacactttacaaa
atgttgtcccccaaaatgtagccattcgtatctgectcecctaataaaaagaaagtttettcacgectce
gctttcttgctgtccaatttctattaaaggttcctttgtteccctaagtccaactactaaactggg
ggatattatgaagggccttgagcatctggattctgcctaataaaaaacatttattttcattgcaa

SEQ ID NO:16 2xIBGpA-A120

aaccagcctcaagaacacccgaatggagtctctaagctacataataccaacttacactttacaaa
atgttgtcccccaaaatgtagccattegtatctgetectaataaaaagaaagtttcttcacaace
agcctcaagaacacccgaatggagtctctaagctacataataccaacttacactttacaaaatgt
tgtcccccaaaatgtagccattcegtatctgctectaataaaaagaaagtttcttcacaaaaaaaa
aaaaaaaaaaaaaaaaaaaaaasaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

SEQ ID NO:17 2huBGpA-A120

gctecgcetttcettgetgtceccaatttectattaaaggttectttgttecctaagtccaactactaaac
tgggggatattatgaagggccttgagcatctggattctgcctaataaaaaacatttattttcatt
gcaagctcgctttcttgctgteccaatttctattaaaggttecctttgttcectaagtccaactact
aaactgggggatattatgaagggccttgagcatctggattctgcctaataaaaaacatttatttt
cattgcaa
aaaaaaaaaaasaaaasaaaasaaaaaaaaasaaaaaaaaaaaaaaaasaaaasaaaaaaaaaaa
aaaaaasaaaasaaaasaaaasaaaasaaaaaaaaaaaaaaaaaaaaaaaaaaaa
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SEQ ID NO:18 xlhuBGpA-A120

aaccagcctcaagaacacccgaatggagtctctaagctacataataccaacttacactttacaaa
atgttgtcccccaaaatgtagccattcgtatctgetcecctaataaaaagaaagtttettcacgetce
gctttcttgctgtccaatttctattaaaggttecctttgttececctaagtccaactactaaactggg
ggatattatgaagggccttgagcatctggattctgcctaataaaaaacatttattttcattgcaa
aaaaaaaaaaasaaaaaaaaasaaaaaaaaasaaaaaaaaaaasaaaasaaaasaaaaaaaaaaa
aaaaaasaaaasaaaasaaaasaaaasaaaaasaaaaaaaaaaaaaaaaaaaaaa

SEQ ID NO:19 pGL2-SS*-CAG-SecNLuc-2A-eGFP-BGpA-SS*

ccgggaggtaccgagctcttacgcgtgctagaattaaagtaacccaatcagcacacaattgceccat
tatacgcgcgtataatggactattgtgtgctgataaacctatttcagcatactacgecgegtagta
tgctgaaataggtgactagaagttcctatactttctagagaataggaacttcataacttcecgtata
atgtatgctatacgaagttatgggttactttaatttggttgctgactaattgagatgcatgettt
gcatacttctgcctgctggggagectggggactttecacacctggttgectgactaattgagatge
atgctttgcatacttctgectgectggggagcctggggactttccacacceectgggtecgacattga
ttattgactagttattaatagtaatcaattacggggtcattagttcatagcccatatatggagtt
ccgegttacataacttacggtaaatggccegectggcectgacecgeccaacgacccecgececattga
cgtcaataatgacgtatgttcccatagtaacgccaatagggactttecattgacgtcaatgggtyg
gagtatttacggtaaactgcccacttggcagtacatcaagtgtatcatatgccaagtacgeccce
tattgacgtcaatgacggtaaatggcccgectggcattatgeccagtacatgaccttatgggact
ttcctacttggcagtacatctacgtattagtcatcgetattaccatggtcgaggtgagccceccacyg
ttctgcttcactctccccatcteccecececcectecccacccecccaattttgtatttatttatttttta

attattttgtgcagcgatgggggcgggggggggaggggcgcgcgccaggcggggcggggcggggc
gaggggcggggcggggcgaggcggaaaggtgcggcggcagccaatcagagcggcgegetceccgaaa
gtttccttttatggcgaggcggcggcecggeggceggecctataaaaagcgaagcgegeggegggegy
gagtcgctgcgttgecttegcccegtgeececgetecgegeecgectegegeecgececgeccecggete
tgactgaccgcgttactcccacaggtgagecgggecgggacggeccttectectececgggetgtaatta
gcgcecttggtttaatgacggctegtttcettttcetgtggetgegtgaaagecttaaagggecteceggg
agggccctttgtgcgggggggagcggctecggggggtgegtgegtgtgtgtgtgegtggggagege
cgcgtgceggcectcececgegetgececggeggcetgtgagegetgegggegeggegeggggetttgtgege
tccgcagtgtgcgecgaggggagcgcggeccgggggecggtgecceccgeggtgeggggggggetgegag
gggaacaaaggctgcgtgcggggtgtgtgcgtgggggggtgagcagggggtgtgggcgecggeggt
cgggctgtaaccccccectgecaccceccececctececcgagttgetgagecacggeccggettegggtgeg
gggctccgtacggggcgtggcgcecggggctegecgtgecgggeggggggtggeggcaggtgggggt
gccgggcggggcecggggccgcectegggecggggagggetcgggggaggggcgeggeggeccecegga
gcgccggeggctgtcecgaggecgeggcecgagecgcagecattgecttttatggtaategtgecgagagg
gcgcagggacttcectttgtceccaaatctgtgecggagecgaaatctgggaggcgeecgecgecaccce
ctctagcgggcgcggggcgaagcggtgecggcgecggcaggaaggaaatgggcggggagggcecttece
gtgcgtcgeccgcecgecgecgtcececccttcecteectectecagectecggggetgtececgeggggggacgge
tgcecttcgggggggacggggcagggcecggggttceggettcectggegtgtgacecggeggetcectagage
ctctgctaaccatgttcatgecttettetttttecctacagetectgggcaacgtgetggttattyg
tgctgtctcatcattttggcaaagaattgattaattcgagcgaacgegtcecgecaccatgaactece
ttcteccacaagcgceccttcggtceccagttgecttctecectgggectgetectggtgttgectgetge
cttcectgcececccagtettcacactecgaagatttecgttggggactggegacagacageeggctaca
acctggaccaagtccttgaacagggaggtgtgtccagtttgtttcagaatctcggggtgtceegta
actccgatccaaaggattgtcctgagecggtgaaaatgggctgaagatcgacatccatgtecatcat
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ccecgtatgaaggtctgageggcgaccaaatgggceccagatcgaaaaaatttttaaggtggtgtacce
ctgtggatgatcatcactttaaggtgatcctgcactatggcacactggtaatcgacggggttacyg
ccgaacatgatcgactatttcecggacggccgtatgaaggcatcecgccgtgttcgacggcaaaaagat
cactgtaacagggaccctgtggaacggcaacaaaattatcgacgagecgectgatcaacceccgacyg
gctccecectgetgttcecgagtaaccatcaacggagtgaccggetggeggetgtgecgaacgecattetg
gcggctagegctactaacttcagectgectgaagcaggctggagacgtggaggagaaccctggace
tggaagcggagagggcagaggaagtctgctaacatgecggtgacgtcgaggagaatcctggacctg
gatccggaatggtgagcaag

ggcgaggagctgttcaccggggtggtgceccatcecctggtcgagectggacggegacgtaaacggeca
caagttcagcgtgtccggecgagggcgagggcgatgccacctacggcaagctgaccctgaagttea
tctgcaccaccggcaagctgececgtgecctggeccacectecgtgaccacccectgacctacggegtyg
cagtgcttcagccgctacceccgaccacatgaagcagcacgacttcecttcaagteecgecatgeecega
aggctacgtccaggagcgcaccatcttettcaaggacgacggcaactacaagaccecgegecgagg
tgaagttcgagggcgacaccctggtgaaccgcatcgagctgaagggcatcgacttcaaggaggac
ggcaacatcctggggcacaagctggagtacaactacaacagccacaacgtctatatcatggecga
caagcagaagaacggcatcaaggtgaacttcaagatccgccacaacatcgaggacggcagegtge
agctcgccgaccactaccagcagaacacccceccatecggegacggceccegtgetgetgeeccgacaac
cactacctgagcacccagtccgccctgagcaaagaccccaacdagaagcgcgatcacatggtect
gctggagttcgtgaccgecegeccgggatcactcecteggcatggacgagcectgtacaagtaageggecg
cactcctcaggtgcaggctgectatcagaaggtggtggctggtgtggeccaatgccctggctcaca
aataccactgagatctttttccctectgccaaaaattatggggacatcatgaagccecttgageat
ctgacttctggctaataaaggaaatttattttcattgcaatagtgtgttggaattttttgtgtet
ctcactcggaaggacatggtgtggaaagtccccaggctceccecccagcaggcagaagtatgcaaagcea
tgcatctcaattagtcagcaaccaaattaaagtaacccataacttcgtatagcatacattatacg
aagttatgaagttcctattctctagaaagtataggaacttctagtcacctatttcagcatactac
gcgcgtagtatgctgaaataggtttatcagcacacaatagtccattatacgecgecgtataatggca
attgtgtgctgattgggttactttaattggtgtggaaagtccccaggctececccagcaggcagaag
tatgcaaagcatgcatctcaattagtcagcaaccatggatcecgtcgaccgatgceccttgagagec
ttcaacccagtcagctcecttecggtgggegeggggcatgactategtegecgecacttatgactgt
cttectttatcatgcaactcgtaggacaggtgccggcagcecgcectcettecegettectegetecactgac
tcgetgegeteggtegtteggectgeggecgageggtatcagetcactcaaaggeggtaatacggtt
atccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccagga
accgtaaaaaggccgcgttgctggegtttttccataggectecgececececctgacgagecatcacaaa
aatcgacgctcaagtcagaggtggcgaaacccecgacaggactataaagataccaggegtttcecccee
tggaagctcecctegtgegetetectgttececgacecctgeecgettaccggatacectgteegecttte
tcecettegggaagegtggegetttetecatagetcacgetgtaggtatectcagtteggtgtaggte
gttcgctccaagctgggctgtgtgcacgaacccececgttcagececgaccgetgegecttatecgg
taactatcgtcttgagtccaacccggtaagacacgacttatecgccactggcagcagecactggta
acaggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagtggtggectaactac
ggctacactagaagaacagtatttggtatctgcgctctgctgaagccagttaccttcggaaaaag
agttggtagctcttgatcecggcaaacaaaccaccgctggtageggtggtttttttgtttgecaage
agcagattacgcgcagaaaaaaaggatctcaagaagatcctttgatcttttctacggggtcetgac
gctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcac
ctagatccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggt
ctgacagttaccaatgcttaatcagtgaggcacctatctcagcgatctgtectatttegttcatece
atagttgcctgactccececgtegtgtagataactacgatacgggagggcttaccatctggeccecag
tgctgcaatgataccgcgagacccacgctcaccggctceccagatttatcagcaataaaccagecag
ccggaagggccgagcgcagaagtggtcectgecaactttatcececgecteccatccagtctattaattgt
tgccgggaagctagagtaagtagttcecgccagttaatagtttgegcaacgttgttgeccattgcetac
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aggcatcgtggtgtcacgectecgtegtttggtatggcttcattcagetececggttececcaacgatcaa
ggcgagttacatgatccceccatgttgtgcaaaaaagcggttagetectteggtecctecgategtt
gtcagaagtaagttggccgcagtgttatcactcatggttatggcagcactgcataattctecttac
tgtcatgccatccgtaagatgcttttetgtgactggtgagtactcaaccaagtcattctgagaat
agtgtatgcggcgaccgagttgctcttgecceccggegtcaatacgggataataccgcecgceccacatage
agaactttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttace
gctgttgagatccagttcgatgtaacccactcgtgcacccaactgatcttcagcatecttttactt
tcaccagcgtttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcg
acacggaaatgttgaatactcatactcttectttttcaatattattgaagcatttatcagggtta
ttgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgcgceca
catttcceccgaaaagtgccacctgacgecgecctgtageggegecattaagegeggegggtgtggtyg
gttacgcgcagcgtgaccgctacacttgecagegecctagegecegetectttegetttettece
ttcectttectegeccacgttegecggetttecececgtcaagectectaaategggggeteectttagggt
tccgatttagtgctttacggcacctecgaccccaaaaaacttgattagggtgatggttcacgtagt
gggccatcgccctgatagacggtttttecgecctttgacgttggagtccacgttctttaatagtgg
actcttgttccaaactggaacaacactcaaccctatctecggtectattcttttgatttataaggga
ttttgccgatttcggecctattggttaaaaaatgagctgatttaacaaaaatttaacgcgaatttt
aacaaaatattaacgcttacaatttgccattcgeccattcaggctgegcaactgttgggaagggceg
atcggtgcgggcctcecttegcetattacgeccageccaagctaccatgataagtaagtaatattaagg
tacgtggaggttttacttgctttaaaaaacctcccacacctcececccctgaacctgaaacataaaat
gaatgcaattgttgttgttaacttgtttattgcagcttataatggttacaaataaagcaatagca
tcacaaatttcacaaataaagcatttttttcactgcattctagttgtggtttgtccaaactcatc
aatgtatcttatggtactgtaactgagctaacataa

SEQ ID NO:20 pcDNA-CMV-5'UTR-SecNLuc-P2A-eGFP-bGHpA

gacggatcgggagatctceccgateccecctatggtgcactctcagtacaatectgectetgatgeecge
atagttaagccagtatctgctccctgcecttgtgtgttggaggtcgectgagtagtgecgecgagcaaa
atttaagctacaacaaggcaaggcttgaccgacaattgcatgaagaatctgcttagggttagge
gttttgcgctgcttcecgcgatgtacgggccagatatacgecgttgacattgattattgactagtta
ttaatagtaatcaattacggggtcattagttcatagcccatatatggagttccgegttacataa
cttacggtaaatggcccgecctggectgaccgeccaacgacccecgcecccattgacgtcaataatga
cgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagtatttacyg
gtaaactgcccacttggcagtacatcaagtgtatcatatgccaagtacgcccecctattgacgte
aatgacggtaaatggcccgectggcattatgcccagtacatgaccttatgggactttcecctactt
ggcagtacatctacgtattagtcatcgctattaccatggtgatgecggttttggcagtacatcaa
tgggcgtggatagecggtttgactcacggggatttccaagtctccacceccattgacgtcaatggg
agtttgttttggcaccaaaatcaacgggactttccaaaatgtcgtaacaactccgecccattga
cgcaaatgggcggtaggcgtgtacggtgggaggtctatataagcagagctcectctggectaactag
agaacccactgcttactggcttatcgaaattaatacgactcactatagggagacccaagctggce
tagcgtttaaacttaagcttggtaccgagctcggateccctgecttectecctectgtgagtttgg
taagtcactgactgtctatgcctgggaaagggtgggcaggagatggggcagtgcaggaaaagtg
gcactatgaaccctgcagccctaggaatgcatctagacaattgtactaaccttettctetttee
tctectgacaggttggtgtacagtagcttecactecctgeccaccatgaactceccttectecacaage
gcctteggtceccagttgecttcecteectgggectgetectggtgttgectgetgectteecctgece
cagtcttcacactcgaagatttcgttggggactggcgacagacagcecggctacaacctggacceca
agtccttgaacagggaggtgtgtccagtttgtttcagaatctecggggtgtecgtaactceccgatce
caaaggattgtcctgagcggtgaaaatgggctgaag
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atcgacatccatgtcatcatccecgtatgaaggtcectgagecggcgaccaaatgggccagatcgaaa
aaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgcactatggcac
actggtaatcgacggggttacgccgaacatgatcgactatttcggacggecegtatgaaggecatce
gccgtgttecgacggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatceg
acgagcgcctgatcaaccceccgacggcectcececctgetgttceccgagtaaccatcaacggagtgacegg
ctggcggctgtgcgaacgcattcectggecggaattctgecagatatccagcacagtggeggecgete
gagtctagaggaagcggagctactaacttcagecctgctgaagcaggctggagacgtggaggaga
accctggacctatgagcaagggcgaggagctgttcaccggggtggtgeccatecctggtcgaget
ggacggcgacgtaaacggccacaadttcagcgtgtccggecgagggecgagggcgatgecacctac
ggcaagctgaccctgaagttcatctgcaccaccggcaagectgeccegtgecctggeccacecteg
tgaccaccctgacctacggcgtgcagtgcttcagececgetaccececgaccacatgaagcagcacga
cttcttcaagtccecgeccatgeccgaaggctacgtccaggagegecaccatcecttettcaaggacgac
ggcaactacaagacccgcgccgaggtgaagttcecgagggegacacectggtgaaccgcatecgage
tgaagggcatcgacttcaaggaggacggcaacatcctggggcacaagctggagtacaactacaa
cagccacaacdtctatatcatggccgacaagcagaagaacggcatcaaggtgaacttcaagate
cgccacaacatcgaggacggcagcgtgcagctcgecgaccactaccagcagaacacecceccateg
gcgacggcccegtgetgcectgeccgacaaccactacctgagcacccagtecgeecctgagcaaaga
ccccaacgagaagcgcgatcacatggtcectgectggagttecgtgacecgecgeecgggatecactceac
ggcatggacgagctgtacaagtaagggcccgtttaaaccegctgatcagectecgactgtgectt
ctagttgccagccatctgttgtttgecccteccececgtgecttecttgaccctggaaggtgecac
tcccactgtecctttectaataaaatgaggaaattgcatcgcattgtectgagtaggtgtcattet

attctggggggtggggtggggcaggacagcaagggy

gaggattgggaagacaatagcaggcatgctggggatgcggtgggctctatggettctgaggegyg
aaagaaccagctggggctctagggggtatccccacgecgeecctgtageggegecattaagegegge

gggtgtggtggttacgcgcagcgtgaccgctacacttgeccagegecctagegecegetecttte
gctttcttececttectttetcecgecacgttegeecggettteccegtcaagetctaaatecggggge
tccectttagggttccgatttagtgetttacggcacctecgaceccaaaaaacttgattagggtga
tggttcacgtagtgggccatcgeccecctgatagacggtttttcecgececctttgacgttggagtceccacg
ttctttaatagtggactcttgttccaaactggaacaacactcaaccctatcteggtectattett
ttgatttataagggattttgccgatttcggectattggttaaaaaatgagectgatttaacaaaa
atttaacgcgaattaattctgtggaatgtgtgtcagttagggtgtggaaagtcceccaggetece
cagcaggcagaagtatgcaaagcatgcatctcaattagtcagcaaccaggtgtggaaagtcccece
aggctccccagcaggcagaagtatgcaaagcatgcatctcaattagtcagcaaccatagteeeg
ccccectaactceccecgeccatcececcecgeccectaactcececgeccagtteegeccattcecteegececcatgget
gactaattttttttatttatgcagaggccgaggccgcectectgectectgagetatteccagaagta
gtgaggaggcttttttggaggcctaggcttttgcaaaaagctccecgggagettgtatatececatt
ttcggatctgatcaagagacaggatgaggatcgtttecgcatgattgaacaagatggattgcacg
caggttctcecggccecgettgggtggagaggctattcggctatgactgggcacaacagacaategg
ctgctctgatgccgeegtgttceccggetgtcagegecaggggegeccggttetttttgtecaagace
gacctgtccggtgceccctgaatgaactgcaggacgaggcagecgeggctatecgtggetggeccacga
cgggcgttceccttgegecagetgtgetecgacgttgtcactgaagecgggaagggactggetgetatt
gggcgaagtgccggggcaggatctectgtcatcectcaccttgcectectgecgagaaagtatcececate
atggctgatgcaatgcggcggctgcatacgcttgatceccggectacctgecccattcgaccaccaag
cgaaacatcgcatcgagcgagcacgtactcggatgg

aagccggtcecttgtcgatcaggatgatctggacgaagagcatcaggggctegegecagecgaact
gttcgccaggctcaaggcgcecgecatgecccgacggcgaggatctegtegtgacccatggegatgee
tgcttgccgaatatcatggtggaaaatggeccgettttectggattcatecgactgtggecggetgg
gtgtggcggaccgctatcaggacatagecgttggctaccegtgatattgectgaagagettggegg
cgaatgggctgaccgcttcecctcecgtgetttacggtategccgetceccecgattecgecagegeategec
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ttctatcgecttecttgacgagttettctgagecgggactctggggttegaaatgaccgaccaagce
gacgcccaacctgeccatcacgagatttcgattccaccgecgecttetatgaaaggttgggette
ggaatcgttttccgggacgccggetggatgatccteccagegeggggatctecatgetggagttet
tcgcccaccccaacttgtttattgcagecttataatggttacaaataaagcaatagcatcacaaa
tttcacaaataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgta
tcttatcatgtctgtatacecgtcgacctctagctagagettggegtaatcatggtcatagetgt
ttcectgtgtgaaattgttatccecgetcacaattccacacaacatacgagccggaagcataaagtyg
taaagcctggggtgcctaatgagtgagctaactcacattaattgcgttgecgetcactgeccecget
ttccagtcgggaaacctgtegtgeccagectgecattaatgaateggccaacgegecggggagaggeyg
gtttgcgtattgggcgectcttecgecttectegetcecactgactegetgegeteggtegttegget
gcggcgagcgdgtatcagctcactcaaaggceggtaatacggttatccacagaatcaggggataac
gcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgegttge
tggcgtttttccataggctecgecceccecctgacgagcatcacaaaaatcgacgctcaagtcagag
gtggcgaaacccgacaggactataaagataccaggcgtttecccecctggaagectcececetegtgege
tctcecectgttecgacecctgeecgecttaccggatacctgtecgectttecteccttecgggaagegtgg
cgctttctcatagectcacgctgtaggtatctcagttecggtgtaggtecgttegeteccaagetggg
ctgtgtgcacgaaccceccegttcageccgacegetg
cgccttatcecggtaactategtcecttgagteccaaccecggtaagacacgacttatcegecactggea
gcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagt
ggtggcctaactacggctacactagaagaacagtatttggtatctgcgctetgctgaageccagt
taccttcggaaaaagagttggtagctcttgatccggcaaacaaaccaccgectggtageggtggt
ttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgatct
tttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagatt
atcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaatctaaagt
atatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagecga
tctgtctatttcgttcatccatagttgcctgactccecgtecgtgtagataactacgatacggga
gggcttaccatctggccccagtgetgcaatgataccgecgagacccacgctcaccggcectceccagat
ttatcagcaataaaccagccagccggaagggecgagcgcagaagtggtectgecaactttateeg
cctccatccagtctattaattgttgeccgggaagctagagtaagtagttecgeccagttaatagttt
gcgcaacgttgttgceccattgctacaggcatcgtggtgtcacgectegtegtttggtatggettea
ttcagctcecggttecccaacgatcaaggcgagttacatgatcecccatgttgtgcaaaaaagegg
ttagctcctteggtectceccgatcgttgtcagaagtaagttggecgcagtgttatcactcatggt
tatggcagcactgcataattctcttactgtcatgccatccgtaagatgcttttctgtgactggt
gagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgectcttgecececggegt
caatacgggataataccgcgccacatagcagaactttaaaagtgctcatcattggaaaacgtte
ttcggggcgaaaactctcaaggatcttacecgectgttgagateccagttegatgtaacccactegt
gcacccaactgatcttcagcatcttttactttcaccagecgtttctgggtgagcaaaaacaggaa
ggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttgaatactcatactcttect
ttttcaatattattgaagcatttatcagggttattg
tctcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgecgcaca
tttcececcgaaaagtgeccacctgacgte

SEQ ID NO:21 pGL2-SS*-CAG-SecNLuc-2A-eGFP-WPRE-BGpA-SS*

taaagtaacccaatcagcacacaattgccattatacgcgecgtataatggactattgtgtgetga
taaacctatttcagcatactacgcgecgtagtatgctgaaataggtgactagaagttcctatact
ttctagagaataggaacttcataacttcgtataatgtatgctatacgaagttatgggttacttt
aatttggttgctgactaattgagatgcatgctttgcatacttctgcctgectggggagectgggg
actttccacacctggttgctgactaattgagatgcatgctttgcatacttcectgectgetgggga
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gcctggggactttceccacacccecctgggtecgacattgattattgactagttattaatagtaatcaa
ttacggggtcattagttcatagcccatatatggagttccgegttacataacttacggtaaatgg
cccgectggetgacecgcccaacgacccccgeccattgacgtcaataatgacgtatgttcecccata
gtaacgccaatagggactttccattgacgtcaatgggtggagtatttacggtaaactgcccact
tggcagtacatcaagtgtatcatatgccaagtacgccccecctattgacgtcaatgacggtaaatg
gccegectggcattatgeeccagtacatgaccttatgggactttectacttggcagtacatcectac
gtattagtcatcgctattaccatggtcgaggtgagccccacgttetgettcacteteccecatet
cccceccctecccacccccaattttgtatttatttattttttaattattttgtgcagegatggg
99¢gg9999999g999gcgcgcgcecaggcggggcggggcggggcgaggggcggggcggggcgayg
gcggaaaggtgcggcggcagccaatcagagcggecgegetecgaaagtttecttttatggegagg
cggcggcggceggceggccectataaaaagcgaagcgcegceggegggcegggagtegetgegttgecett
cgccecegtgeccegeteecgegecgectegegecgecegecceggcectetgactgacecgegttact
cccacaggtgagcgggcgggacggceccttetectecgggetgtaattagegettggtttaatga
cggctecgtttecttttectgtggctgegtgaaagecttaaagggcteccgggagggcecctttgtgeg
ggggggagcggctcggggggtgcgtgcgtgtgtgtgtgecgtggggagecgccgegtgecggctecyg
cgctgecceggeggetgtgagegetgegggegeggegeggggetttgtgegetecgecagtgtgeg
cgaggggagcgcggccgggggcggtgccccgeggtgecggggggggctgcgaggggaacaaagge
tgcgtgcggggtgtgtgcgtgggggggtgagcagggggtgtgggcgecggeggtcgggcetgtaac
ccceecctgecacceececteccecgagttgetgagecacggeceggettegggtgeggggeteegta
cggggcgtggcgcggggctcegeccgtgeccgggcggggggtggecggcaggtgggggtgeccgggcgyg
ggcggggccgcectcgggeccggggagggctcgggggaggggcgecggcggecccccggagegecgge
ggctgtcgaggcgcggcecgagceccgcagcecattgecttttatggtaatecgtgegagagggcgcagg
gacttcctttgtcccaaatctgtgecggageccgaaatctgggaggegecgecgecaccceectetag
cgggcgcggggcgaagcggtgcggcgceccggcaggaaggaaatgggcggggagggecttegtgeg
tcgeecgegecgecgteccececttcecteectetecagecteggggetgteegeggggggacggetgec
ttcgggggggacggggcagggcggggttcggcttctggcgtgtgaccggecggetctagagecte
tgctaaccatgttcatgccttcttectttttectacagectecctgggcaacgtgetggttattgtg
ctgtctcatcattttggcaaagaattgattaattcgagcgaacgecgtcgceccaccatgaactcect
tcteccacaagcgectteggtecagttgecttectecctgggectgetectggtgttgectgetge
cttcectgeecccagtettecacactecgaagatttegttggggactggegacagacageecggcetac
aacctggaccaagtccttgaacagggaggtgtgtccagtttgtttcagaatctecggggtgtecyg
taactccgatccaaaggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcat
catccecgtatgaaggtctgagcggecgaccaaatgggceccagatcgaaaaaatttttaaggtggtg
taccctgtggatgatcatcactttaaggtgatcctgcactatggcacactggtaatcgacgggg
ttacgccgaacatgatcgactatttecggacggccgtatgaaggcategecgtgttecgacggecaa
aaagatcactgtaacagggaccctgtggaacggcaacaaaattatcgacgagcgectgatcaac
cccgacggctecctgetgttecgagtaaccatcaacggagtgaccggetggeggctgtgcgaac
gcattctggcggctagcgctactaacttcagecctgectgaagcaggctggagacgtggaggagaa
ccctggacctggaagcecggagagggcagaggaagtctgctaacatgecggtgacgtcgaggagaat
cctggacctggatccggaatggtgagcaagggcgaggagetgttcaccggggtggtgeccatcee
tggtcgagctggacggcgacgtaaacggccacaagttcagegtgtececggecgagggecgagggedga
tgccacctacggcaagctgaccctgaagttcatctgecaccaccggcaagetgecegtgecetgg
cccaccctegtgaccaccctgacctacggegtgcagtgcttcagececgetaceeccgaccacatga
agcagcacgacttcttcaagtccgecatgecccgaaggctacgtccaggagegcaccatecttett
caaggacgacggcaactacaagacccgcgcecgaggtgaagttcgagggecgacaccctggtgaac
cgcatcgagctgaagggcatcgacttcaaggaggacggcaacatcctggggcacaagectggagt
acaactacaacagccacaacgtctatatcatggccgacaagcagaagaacggcatcaaggtgaa
cttcaagatccgccacaacatcgaggacggcagcegtgcagectegeccgaccactaccagcagaac
acccccatecggcgacggccecccgtgetgetgcecccgacaaccactacctgagecacccagtecgecce
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tgagcaaagaccccaacgagaagcgcgatcacatggtectgetggagttegtgacegecgeecgg
gatcactctcggcatggacgagctgtacaagtaaaatcaacctctggattacaaaatttgtgaa
agattgactggtattcttaactatgttgctccttttacgctatgtggatacgctgetttaatge
ctttgtatcatgctattgcttccecgtatggctttcattttctectecttgtataaatecctggtt
gctgtctctttatgaggagttgtggccecgttgtcaggcaacgtggegtggtgtgcactgtgttt
gctgacgcaacccceccactggttggggcattgceccaccacctgtcagetecttteegggacttteg
ctttececcectecectattgecacggeggaactcecatecgecgectgecttgecegetgetggacagg
ggctcggctgttgggcactgacaattccgtggtgttgtcggggaaatcategtccttteccttgg
ctgctecgcectgtgttgccacctggattctgegegggacgteecttctgetacgtececctteggecece
tcaatccagcggaccttceccttcecececgeggectgetgeecggetectgeggectectteegegtetteg
ccttcecgecectcagacgagtecggatcecteecctttgggecgecteccecgecaataaaggaaatttatt
ttcattgcaatagtgtgttggaattttttgtgtctctcacteggaaggacatggtgtggaaagt
ccccaggctecccagcaggcagaagtatgcaaagcatgcatctcaattagtcagcaaccaaatt
aaagtaacccataacttcgtatagcatacattatacgaagttatgaagttcctattctctagaa
agtataggaacttctagtcacctatttcagcatactacgcgcgtagtatgctgaaataggttta
tcagcacacaatagtccattatacgcgcgtataatggcaattgtgtgctgattgggttacttta
attggtgtggaaagtccccaggctcecccagcaggcagaagtatgcaaagcatgcatctcaatta
gtcagcaacca

SEQ ID NO:22 pGL2-SS*-CMV-UTR1-SecNLuc-2A-eGFP-WPRE-BGpA-SS*

taaagtaacccaatcagcacacaattgccattatacgcgcgtataatggactattgtgtgctga
taaacctatttcagcatactacgcgecgtagtatgctgaaataggtgactagaagttcctatact
ttctagagaataggaacttcataacttcgtataatgtatgctatacgaagttatgggttacttt
aatttggttgctgactaattgagatgcatgctttgcatacttctgectgetggggagectgggg
actttccacacctggttgctgactaattgagatgcatgctttgcatacttectgectgectgggga
gcctggggactttceccacacccctgggtcgacgacattgattattgactagttattaatagtaat
caattacggggtcattagttcatagcccatatatggagttccgecgttacataacttacggtaaa
tggccecgectggcectgaccgcecccaacgaccececgeccattgacgtcaataatgacgtatgttece
atagtaacgccaatagggactttccattgacgtcaatgggtggagtatttacggtaaactgeccce
acttggcagtacatcaagtgtatcatatgccaagtacgcccectattgacgtcaatgacggtaa
atggcccgectggecattatgcccagtacatgaccttatgggactttcecctacttggcagtacatce
tacgtattagtcatcgctattaccatggtgatgcggttttggcagtacatcaatgggegtggat
agcggtttgactcacggggatttccaagtctccaccccattgacgtcaatgggagtttgttttyg
gcaccaaaatcaacgggactttccaaaatgtcgtaacaactccgecccattgacgcaaatggge
ggtaggcgtgtacggtgggaggtctatataagcagagctctgecttectcececctectgtgagtttyg
gtaagtcgacgggccgggectgggecgggtecegggecgggtegttggatececccactacageeceyg
atactcaagcttgacgaattcgagtatccaaggtagtggactagtgtgacgctgctgaccectt
tctttcccttectgcaggttggtgtacagtagecttccaaattgattaattcgagcgaacgegteg
ccaccatgaactccttecteccacaagecgectteggteccagttgecttetececectgggectgetect
ggtgttgcctgctgeccttecctgecccagtcecttcacactecgaagatttegttggggactggega
cagacagccggctacaacctggaccaagtcecttgaacagggaggtgtgtccagtttgtttcaga
atctcggggtgtcegtaactccgatccaaaggattgtecctgageggtgaaaatgggctgaagat
cgacatccatgtcatcatccecgtatgaaggtctgageggcgaccaaatgggeccagatcgaaaaa
atttttaaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgcactatggcacac
tggtaatcgacggggttacgccgaacatgatcgactatttcggacggcecgtatgaaggcatecge
cgtgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatcgac
gagcgcctgatcaaccccgacggcetceccecctgetgttecgagtaaccatcaacggagtgacecgget
ggcggctgtgcgaacgcattctggeggctagegectactaacttcagectgetgaagcaggetgg
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agacgtggaggagaaccctggacctggaagcggagagggcagaggaagtectgctaacatgeggt
gacgtcgaggagaatcctggacctggatccggaatggtgagcaagggcgaggagetgttcaceyg
gggtggtgcccatcctggtecgagetggacggcgacgtaaacggccacaagttcagegtgteegg
cgagggcgagggcgatgccacctacggcaagctgaccctgaagttcatctgcaccaccggcaag
ctgccegtgececctggeccaccctegtgaccaccctgacctacggegtgecagtgettcagecget
accccgaccacatgaagcagcacgacttcettcaagtccgecatgeccgaaggctacgtccagga
gcgcaccatcttecttcaaggacgacggcaactacaagacccecgcegecgaggtgaagttcecgaggge
gacaccctggtgaaccgcatcgagctgaagggcatcgacttcaaggaggacggcaacatcctgg
ggcacaagctggagtacaactacaacagccacaacgtctatatcatggccgacaagcagaagaa
cggcatcaaggtgaacttcaagatccgccacaacatcgaggacggcagegtgcagectecgecgac
cactaccagcagaacacccccatcggecgacggceccegtgetgetgeeccgacaaccactacctga
gcacccagtccgecectgagcaaagaccccaacgagaagegcegatcacatggtectgetggagtt
cgtgaccgccgccgggatcactcecteggcatggacgagcectgtacaagtaaaatcaacctcectggat
tacaaaatttgtgaaagattgactggtattcttaactatgttgctccttttacgctatgtggat
acgctgctttaatgcctttgtatcatgctattgettccecgtatggetttcattttetectectt
gtataaatcctggttgctgtctctttatgaggagttgtggccegttgtcaggcaacgtggegtyg
gtgtgcactgtgtttgctgacgcaacccccactggttggggcattgeccaccacctgtecagetee
tttcecgggactttegettteccectecctattgeccacggecggaactecatecgeecgectgecttge
ccgetgctggacaggggcteggectgttgggcactgacaattecgtggtgttgtecggggaaatcea
tcgtectttecttggetgectegectgtgttgeccacctggattetgegegggacgtecttcectget
acgtcccttcecggcecectcaatccageggaccttecttecececgeggectgetgecggetectgeggec
tcttcegegtettegecttegecctcagacgagtecggatectecctttgggecgectececcececgeaa
taaaggaaatttattttcattgcaatagtgtgttggaattttttgtgtctctcactcggaagga
catggtgtggaaagtccccaggctecccagcaggcagaagtatgcaaagcatgcatctcaatta
gtcagcaaccaaattaaagtaacccataacttcgtatagcatacattatacgaagttatgaagt
tcctattctctagaaagtataggaacttctagtcacctatttcagcatactacgcgegtagtat
gctgaaataggtttatcagcacacaatagtccattatacgcgecgtataatggcaattgtgtget
gattgggttactttaattggtgtggaaagtccccaggctceccccagcaggcagaagtatgcaaag
catgcatctcaattagtcagcaacca

SEQ ID NO:23 pGL2-SS*-CMV-UTR2-SecNLuc-2A-eGFP-WPRE-BGpA-SS*

aattaaagtaacccaatcagcacacaattgccattatacgcgcgtataatggactattgtgtge
tgataaacctatttcagcatactacgcgcgtagtatgctgaaataggtgactagaagttcctat
actttctagagaataggaacttcataacttcgtataatgtatgctatacgaagttatgggttac
tttaatttggttgctgactaattgagatgcatgctttgcatacttctgecctgectggggagectyg
gggactttccacacctggttgctgactaattgagatgcatgctttgcatacttctgectgetgg
ggagcctggggactttccacaccectgggtcgacattgattattgactagttattaatagtaat
caattacggggtcattagttcatagcccatatatggagttcecgcgttacataacttacggtaaa
tggcecegectggcectgaccgeccaacgacceccgeccattgacgtcaataatgacgtatgttecece
atagtaacgccaatagggactttccattgacgtcaatgggtggagtatttacggtaaactgccce
acttggcagtacatcaagtgtatcatatgccaagtacgcccectattgacgtcaatgacggtaa
atggcccgectggecattatgcecccagtacatgaccttatgggactttectacttggcagtacatce
tacgtattagtcatcgctattaccatggtgatgecggttttggcagtacatcaatgggegtggat
agcggtttgactcacggggatttccaagtctccaccccattgacgtcaatgggagtttgttttg
gcaccaaaatcaacgggactttccaaaatgtcgtaacaactccgecccattgacgcaaatggge
ggtaggcgtgtacggtgggaggtctatataagcagagctattgggatcttcacacagcaggtaa

ggttgcgggccgggcecctgggeccgggtcecgggecgggtatccatagetgattggtctaaaatgag
atacatcaacgctcctccatgttttttgttttctttttaaatgaaaaactttattttttaagag
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gagtttcaggttcatagcaaaattgagaggaaggtacattcaagctgaggaagttttcctectat
tcctagtttactgagagattgcatcatgaatgggtgttaaattttgtcaaatgctttttcetgtyg
tctatcaatatgaccatgtgattttcttctttaacctgttgatgggacaaattacgttaattga
ttttcaaacgttgaaccacccttacatatctggaataaattctacttggttgtggtgtatattt
tttgatacattcttggattctttttgctaatattttgttgaaaatgtttgtatctttgttcatg
agagatattggtctgttgttttcttttcttgtaatgtcattttctagttececggtattaaggtaa
tgctggcctagttgaatgatttaggaagtattccctetgettetgtettectgaaagagattgta
gaaadttgatacaatttttttttctttaaatatcttgatagccgcactgacccctggtgttget
ttttttttttaggccgcaagectgaagecgtgtcecgeccaccatgaactecttctecacaagcgecet
tcggtccagttgectteteccctgggectgetectggtgttgectgetgecttecctgecceccagt
cttcacactcgaagatttcgttggggactggcgacagacagccggctacaacctggaccaagte
cttgaacagggaggtgtgtccagtttgtttcagaatctcggggtgtecgtaactccgatccaaa
ggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatceccegtatgaagg
tctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtacecctgtggatgat
catcactttaaggtgatcctgcactatggcacactggtaatcgacggggttacgccgaacatga
tcgactatttcggacggcecgtatgaaggcatcgecgtgttcgacggcaaaaagatcactgtaac
agggaccctgtggaacggcaacaaaattatcgacgagcgectgatcaacceccgacggetecectg
ctgttccgagtaaccatcaacggagtgaccggctggeggctgtgecgaacgecattectggeggeta
gcgctactaacttcagcecctgctgaagcaggctggagacgtggaggagaaccectggacctggaag
cggagagggcagaggaagtctgctaacatgcggtgacgtcgaggagaatcctggacctggatec
ggaatggtgagcaagggcgaggagctgttcaccggggtggtgcccatecctggtcgagetggacyg
gcgacgtaaacggccacaagttcagegtgtcecggecgagggcgagggecgatgeccacctacggecaa
gctgaccctgaagttcatctgcaccaccggcaagcectgeeccgtgeecctggeccaccctegtgace
accctgacctacggcgtgecagtgettcagecgetaccececgaccacatgaagcagcacgacttet
tcaagtccgeccatgeccgaaggctacgtccaggagegcaccatcecttettcaaggacgacggcaa
ctacaagacccgcgcecgaggtgaagttcgagggcgacaccctggtgaaccgecatcgagctgaag
ggcatcgacttcaaggaggacggcaacatcctggggcacaagctggagtacaactacaacagec
acaacgtctatatcatggccgacaagcagaagaacggcatcaaggtgaacttcaagatccgeca
caacatcgaggacggcagcgtgcagctcecgecgaccactaccagcagaacacccecccateggegac
ggccccegtgctgetgecccgacaaccactacctgagcacccagtececgecctgagcaaagacececa
acgagaagcgcgatcacatggtcctgectggagttegtgaccgececgecgggatcactcecteggeat
ggacgagctgtacaagtaaaatcaacctctggattacaaaatttgtgaaagattgactggtatt
cttaactatgttgctccttttacgctatgtggatacgctgctttaatgcctttgtatcatgeta
ttgcttcecegtatggectttcattttectectecttgtataaatecctggttgetgtetetttatga
ggagttgtggcccecgttgtcaggcaacgtggcegtggtgtgecactgtgtttgetgacgcaacceccece
actggttggggcattgccaccacctgtcagctectttcecgggactttegetttecececteecta
ttgccacggcggaactcatcgccgectgecttgececgectgetggacaggggetcggetgttggg
cactgacaattccgtggtgttgtcggggaaatcatcgtcecctttceccttggctgetcgeectgtgtt
gccacctggattctgcgecgggacgtceccttetgetacgtececttecggecctcaateccageggace
ttcecttcecececgeggectgectgecggetetgeggectetteecgegtettegecttegeecctecagac
gagtcggatctccectttgggeccgectceccececgcaataaaggaaatttattttecattgecaatagtyg
tgttggaattttttgtgtctctcactcggaaggacatggtgtggaaagtcececcaggectceccecececag
caggcagaadgtatgcaaagcatgcatctcaattagtcagcaaccaaattaaagtaacccataac
ttcgtatagcatacattatacgaagttatgaagttcctattctctagaaagtataggaacttet
agtcacctatttcagcatactacgcgecgtagtatgctgaaataggtttatcagcacacaatagt
ccattatacgcgcgtataatggcaattgtgtgctgattgggttactttaattggtgtggaaagt
ccccaggctecccagcaggcagaagtatgcaaagcatgcatctcaattagtcagcaacca
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SEQ ID NO:24 SS*-CMV-UTR1-SecNLuc-2A-eGFP-3'UTR[2huBGpA-A120]-SS*

cccgggaggtaccgagctcecttacgegtgctagaattaaagtaacccaatcagecacacaattgec
attatacgcgcgtataatggactattgtgtgctgataaacctatttcagcatactacgcgegta
gtatgctgaaataggtgactagaagttcctatactttctagagaataggaacttcataacttcg
tataatgtatgctatacgaagttatgggttactttaatttggttgctgactaattgagatgcat
gctttgcatacttctgcctgectggggagectggggactttecacacctggttgetgactaattyg
agatgcatgctttgcatacttctgectgetggggagectggggactttceccacaccectgggteg
acgacattgattattgactagttattaatagtaatcaattacggggtcattagttcatageccca
tatatggagttccgcgttacataacttacggtaaatggcccgectggctgaccgecccaacgace
cccgcecccattgacgtcaataatgacgtatgttceccatagtaacgeccaatagggactttecattg
acgtcaatgggtggagtatttacggtaaactgcccacttggcagtacatcaagtgtatcatatg
ccaagtacgccccctattgacgtcaatgacggtaaatggccegectggcattatgeccagtaca
tgaccttatgggactttcctacttggcagtacatctacgtattagtcatcgetattaccatggt
gatgcggttttggcagtacatcaatgggecgtggatagcggtttgactcacggggatttccaagt
ctccaccccattgacgtcaatgggagtttgttttggcaccaaaatcaacgggactttccaaaat
gtcgtaacaactccgceccccattgacgcaaatgggecggtaggegtgtacggtgggaggtctatat
aagcagagctctgccttctcecectectgtgagtttggtaagtcgacgggecgggectgggecggg
tcecgggeccgggtegttggatceccccactacagecccgatactcaagecttgacgaattcgagtatee
aaggtagtggactagtgtgacgctgctgacccctttcttteeccttetgcaggttggtgtacagt
agcttccaaattgattaattcgagcgaacgcgtcgeccaccatgaactceccttctceccacaagegece
ttcggtccagttgecttctcececctgggectgectectggtgttgectgectgectteecctgececcag
tcttcacactcgaagatttcgttggggactggcgacagacagceccggctacaacctggaccaagt
ccttgaacagggaggtgtgtccagtttgtttcagaatctecggggtgtecgtaacteccgatceccaa
aggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcecegtatgaag
gtctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatga
tcatcactttaaggtgatcctgcactatggcacactggtaatcgacggggttacgccgaacatg
atcgactatttcggacggccgtatgaaggcatcgecgtgttcecgacggcaaaaagatcactgtaa
cagggaccctgtggaacggcaacaaaattatcgacgagcgcecctgatcaacccecgacggetcecect
gctgttccgagtaaccatcaacggagtgaccggectggeggectgtgegaacgcattetggegget
agcgctactaacttcagecctgectgaagcaggctggagacgtggaggagaaccctggacctggaa
gcggagagggcagaggaagtctgctaacatgcggtgacgtcgaggagaatecctggacctggatce
cggaatggtgagcaagggcgaggagctgttcaccggggtggtgcccatcctggtcgagectggac
ggcgacgtaaacggccacaagttcagcgtgteccggecgagggcgagggcegatgecacctacggceca
agctgaccctgaagttcatctgcaccaccggcaagctgecegtgecectggeccaccctegtgac
caccctgacctacggegtgecagtgettcagecgctacceccgaccacatgaagcagcacgactte
ttcaagtccgccatgecccgaaggctacgteccaggagegcaccatecttettcaaggacgacggea
actacaagacccgcgccgaggtgaagttegagggcgacaccectggtgaacecgcategagetgaa
gggcatcgacttcaaggaggacggcaacatcctggggcacaagctggagtacaactacaacagce
cacaacgtctatatcatggccgacaagcagaagaacggcatcaaggtgaacttcaagatceccgcece
acaacatcgaggacggcagcgtgcagctcgceccecgaccactaccagcagaacacccecceccatcggega
cggccccegtgcectgetgeccgacaaccactacctgagecacccagtcecgecctgagcaaagacceec
aacgagaagcgcgatcacatggtectgetggagttecgtgaccgecgecgggatcactecteggea
tggacgagctgtacaagtaagctcgectttcttgctgtccaatttctattaaaggtteetttgtt
ccctaagtccaactactaaactgggggatattatgaagggccttgagcatctggattetgecta
ataaaaaacatttattttcattgcaagctcgectttcttgctgtccaatttctattaaaggttcee
tttgttccctaagtccaactactaaactgggggatattatgaagggecttgagcatctggatte
tgcctaataaaaaacatttattttcattgcaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaasaaaasaaaasaaaasaaaasaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
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aaaaaaaaaaaaaaaaaaaaaaaactcggaaggacatggtgtggaaagtccccaggctcceccag
caggcagaagtatgcaaagcatgcatctcaattagtcagcaaccaggtgtggaaagtccccagg
ctcceccagcaggcagaagtatgcaaagcatgcatctcaattagtcagcaaccaaattaaagtaa
cccataacttcgtatagcatacattatacgaagttatgaagttcctattctctagaaagtatag
gaacttctagtcacctatttcagcatactacgcgecgtagtatgctgaaataggtttatcagcac
acaatagtccattatacgcgcgtataatggcaattgtgtgctgattgggttactttaatttgga
tcecgtecgaccgatgeccttgagagecttcaacccagtcagetecttecggtgggegeggggeat
gactatcgtcgccgcacttatgactgtcttctttatcatgcaactegtaggacaggtgeccggca
gcgectcttecgecttectcegetcactgactegetgegeteggtegttecggetgeggegageggta
tcagctcactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaaca
tgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggcecgegttgetggegttttteca
taggctccgeccecectgacgagcatcacaaaaatcgacgctcaagtcagaggtggegaaaceceyg
acaggactataaagataccaggcgtttcecccecctggaagetececctegtgegetcectectgttecga
ccctgecgecttaccggatacctgtecgectttcectecececttecgggaagegtggegectttectecatag
ctcacgctgtaggtatctcagttcggtgtaggtcgttecgectecaagetgggetgtgtgcacgaa
cccecegttcageccgacecgetgegecttatecggtaactategtettgagteccaaccecggtaa
gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtagg
cggtgctacagagttcttgaagtggtggcctaactacggctacactagaagaacagtatttggt
atctgcgctctgctgaagecagttaccttecggaaaaagagttggtagectecttgatecggcaaac
aaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgecgcagaaaaaaagg
atctcaagaagatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgt
taagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaat
gaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaat
cagtgaggcacctatctcagcgatctgtctatttecgttcateccatagttgectgacteccegte
gtgtagataactacgatacgggagggcttaccatctggccccagtgctgcaatgataccgegag
acccacgctcaccggctccagatttatcagcaataaaccagccagecggaagggeccgagegeag
aagtggtcctgcaactttatccgectccatccagtctattaattgttgeccgggaagctagagta
agtagttcgccagttaatagtttgcgcaacgttgttgeccattgctacaggcatecgtggtgtcac
gctegtegtttggtatggettcattcagetececggttecccaacgatcaaggcgagttacatgatce
ccccatgttgtgcaaaaaagcggttagctectteggtectecgategttgtcagaagtaagttyg
gccgcagtgttatcactcatggttatggcagcactgcataattcectettactgtcatgecatecyg
taagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggeg
accgagttgctcttgcccggcgtcaatacgggataataccgcgeccacatagcagaactttaaaa
gtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgectgttgagat
ccagttcgatgtaacccactcgtgcacccaactgatcttcagecatcttttactttcaccagegt
ttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaa
tgttgaatactcatactcttcctttttcaatattattgaagcatttatcagggttattgtctea
tgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgcgcacatttec
ccgaaaagtgccacctgacgcgccctgtageggecgecattaagegeggegggtgtggtggttacyg
cgcagcgtgaccgctacacttgeccagegecectagegeeccgcectectttegetttcetteecttect
ttctegccacgttegeecggetttecececegtecaagetectaaategggggcteectttagggtteeyg
atttagtgctttacggcacctcgaccccaaaaaacttgattagggtgatggttcacgtagtggg
ccatcgccctgatagacggtttttegeccctttgacgttggagtccacgttctttaatagtggac
tcttgttccaaactggaacaacactcaaccctatcteggtctattcttttgatttataagggat
tttgccgatttcggcecctattggttaaaaaatgagctgatttaacaaaaatttaacgcgaatttt
aacaaaatattaacgcttacaatttgccattcgccattcaggectgegcaactgttgggaagggce
gatcggtgcgggcectcecttegctattacgecageccaagectaccatgataagtaagtaatattaa
ggtacgtggaggttttacttgctttaaaaaacctcccacacctececcecctgaacctgaaacataa
aatgaatgcaattgttgttgttaacttgtttattgcagcttataatggttacaaataaagcaat
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agcatcacaaatttcacaaataaagcatttttttcactgcattctagttgtggtttgtccaaac
tcatcaatgtatcttatggtactgtaactgagctaacataa

SEQ ID NO:25 SS*-E1-CMV-UTR1-SecNLuc-2A-eGFP-3'UTR[2huBGpA-A120]-SS*

cccgggaggtaccgagcetcettacgegtgctagaattaaagtaacccaatcagcacacaattgece
attatacgcgcgtataatggactattgtgtgctgataaacctatttcagcatactacgecgegta
gtatgctgaaataggtgactagaagttcctatactttctagagaataggaacttcataacttcg
tataatgtatgctatacgaagttatgggttactttaatttggttgctgactaattgagatgcat
gctttgcatacttctgecctgectggggagecctggggactttccacacctggttgectgactaattg
agatgcatgctttgcatacttctgcctgectggggagectggggacttteccacaccecectgggteg
acgggactttccggggcecggggcacgtggtgcacgggactttcececgtgecacgtgcacgggacttte
cgggactttccgggactttecgtgecaccacgtggggactttecgtgecacgacattgattattga
ctagttattaatagtaatcaattacggggtcattagttcatagcccatatatggagttccgegt
tacataacttacggtaaatggcccgectggctgaccgecccaacgaccecccgeccattgacgtea
ataatgacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagt
atttacggtaaactgcccacttggcagtacatcaagtgtatcatatgccaagtacgcccecctat
tgacgtcaatgacggtaaatggcccecgecctggecattatgecccagtacatgaccttatgggacttt
cctacttggcagtacatctacgtattagtcatcgctattaccatggtgatgeggttttggecagt
acatcaatgggcgtggatagcggtttgactcacggggatttccaagtcteccacceccattgacgt
caatgggagtttgttttggcaccaaaatcaacgggactttccaaaatgtcgtaacaactccgec
ccattgacgcaaatgggcggtaggcgtgtacggtgggaggtctatataagcagagctctgectt
ctcectectgtgagtttggtaagtecgacgggecgggectgggecgggteecgggeegggtegttyg
gatccccactacagcccgatactcaagcttgacgaattcgagtateccaaggtagtggactagtyg
tgacgctgctgaccectttetttececttectgecaggttggtgtacagtagetteccaaattgatta
attcgagcgaacgecgtcgecaccatgaactccttectccacaagegectteggteccagttgectt
ctccectgggectgectectggtgttgectgetgecttecctgecccagtcttcacactegaagat
ttcgttggggactggcgacagacagccggctacaacctggaccaagtceccttgaacagggaggtyg
tgtccagtttgtttcagaatctcggggtgtcegtaactcececgatccaaaggattgtecctgagegyg
tgaaaatgggctgaagatcgacatccatgtcatcatccegtatgaaggtctgagecggecgaccaa
atgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtga
tcctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacg
gccgtatgaaggcatcgecegtgttecgacggcaaaaagatcactgtaacagggaccectgtggaac
ggcaacaaaattatcgacgagcgcctgatcaaccccgacggctcecectgetgttececgagtaacca
tcaacggagtgaccggctggecggctgtgecgaacgecattctggecggectagegcectactaacttcecag
cctgctgaagcaggctggagacgtggaggagaaccctggacctggaagcggagagggcagagda
agtctgctaacatgcggtgacgtcgaggagaatcctggacctggatceccggaatggtgagcaagg
gcgaggagctgttcaccggggtggtgccecatcctggtcgagctggacggecgacgtaaacggecca
caagttcagcgtgtcecggcgagggcgagggcgatgeccacctacggcaagctgaccctgaagtte
atctgcaccaccggcaagctgceccgtgecctggeccacceccectegtgaccaccctgacctacggeg
tgcagtgcttcagccgectacccececgaccacatgaagcagcacgacttettcaagtecgecatgece
cgaaggctacgtccaggagcgcaccatcttcttcaaggacgacggcaactacaagacccgegec
gaggtgaagttcgagggcgacaccctggtgaaccgcatcgagctgaagggcatcgacttcaagg
aggacggcaacatcctggggcacaagctggagtacaactacaacagccacaacgtctatatcat
ggccgacaagcagaagaacggcatcaaggtgaacttcaagatccgecacaacatcgaggacggce
agcgtgcagctcgceccgaccactaccagcagaacaccceccatcecggegacggeccegtgetgetge
ccgacaaccactacctgagcacccagtcecgecctgagcaaagaccccaacgagaagegcegatcea
catggtcctgctggagttecgtgaccgeccgecgggatcactecteggecatggacgagetgtacaag
taagctcgetttcecttgctgtccaatttctattaaaggttecctttgttecctaagteccaactact
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aaactgggggatattatgaagggccttgagcatctggattctgecctaataaaaaacatttattt
tcattgcaagctcgectttettgetgtccaatttctattaaaggttecctttgttcectaagteca
actactaaactgggggatattatgaagggccttgagcatctggattctgecctaataaaaaacat
ttattttcattgcaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaactcggaaggacatggtgtggaaagtccccaggctceccccagcaggcagaagtatgcaa
agcatgcatctcaattagtcagcaaccaggtgtggaaagtccccaggctecccagcaggcagaa
gtatgcaaagcatgcatctcaattagtcagcaaccaaattaaagtaacccataacttcgtatag
catacattatacgaagttatgaagttcctattctctagaaagtataggaacttctagtcaccta
tttcagcatactacgcgcgtagtatgctgaaataggtttatcagcacacaatagtccattatac
gcgcgtataatggcaattgtgtgectgattgggttactttaatttggatcegtcgaccgatgece
ttgagagccttcaacccagtcagctecttecggtgggegeggggcatgactategtegecgeac
ttatgactgtcttctttatcatgcaactcgtaggacaggtgecggcagecgetetteegettect
cgctcactgactcgectgcgetcecggtegtteggctgeggcgageggtatcagetcactecaaaggce
ggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccag
caaaaggccaggaaccgtaaaaaggccgcecgttgetggegttttteccataggctcecegececcecectg
acgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagata
ccaggcgtttcecccecctggaagctcecectegtgegetetectgttecgacecctgecgettacegga
tacctgtcecgecttteteecttegggaagegtggegetttectecatagetcacgectgtaggtate
tcagttcggtgtaggtcgttcgctceccaagetgggectgtgtgecacgaacccceegttcagececega
ccgctgcgecttatececggtaactategtcttgagtccaacceggtaagacacgacttatcecgeca
ctggcagcagccactggtaacaggattagcagagcgaggtatgtaggecggtgectacagagttcet
tgaagtggtggcctaactacggctacactagaagaacagtatttggtatctgegetcectgetgaa
gccagttaccttcggaaaaagagttggtagctcecttgatcecggcaaacaaaccaccgctggtage
ggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcectt
tgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcat
gagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaatc
taaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatct
cagcgatctgtctatttcgttcatccatagttgectgactcececgtegtgtagataactacgat
acgggagggcttaccatctggcceccagtgctgcaatgataccgecgagacccacgetcacecggcet
ccagatttatcagcaataaaccagccagcecggaagggccgagcegcagaagtggtcectgecaactt
tatccgcctecatccagtctattaattgttgeccgggaagctagagtaagtagttcgecagttaa
tagtttgcgcaacgttgttgccattgctacaggcategtggtgtcacgctegtecgtttggtatyg
gcttcattcagctcececggttcecceccaacgatcaaggcgagttacatgatceccecccatgttgtgcaaaa
aagcggttagctccttcecggtectecgategttgtcagaagtaagttggececgecagtgttatecact
catggttatggcagcactgcataattctcttactgtcatgeccatcegtaagatgettttetgtg
actggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgctcttgece
cggcgtcaatacgggataataccgcgccacatagcagaactttaaaagtgctcatcattggaaa
acgttcttcggggcgaaaactctcaaggatcttaccgectgttgagatccagttecgatgtaacce
actcgtgcacccaactgatcttcagcatcttttactttcaccagegtttcectgggtgagcaaaaa
caggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttgaatactcatact
cttcctttttcaatattattgaagcatttatcagggttattgtctcatgageggatacatattt
gaatgtatttagaaaaataaacaaataggggttccgcgcacatttececccgaaaagtgccacctg
acgcgccctgtageggcgecattaagcgecggcgggtgtggtggttacgegcagegtgaccgetac
acttgccagcgccctagcecgceccecegetectttegetttettececttectttetegecacgttegee
ggctttcceccecgtcaagetctaaatcgggggcectececctttagggttecgatttagtgetttacgge
acctcgaccccaaaaaacttgattagggtgatggttcacgtagtgggccatcecgecectgatagac
ggtttttcgccctttgacgttggagtccacgttectttaatagtggactcttgtteccaaactgga
acaacactcaaccctatctcggtctattcttttgatttataagggattttgeccgatttcggect
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attggttaaaaaatgagctgatttaacaaaaatttaacgcgaattttaacaaaatattaacgct
tacaatttgccattcgccattcaggctgegcaactgttgggaagggecgatcggtgegggectet
tcgctattacgccagcccaagctaccatgataagtaagtaatattaaggtacgtggaggtttta
cttgctttaaaaaacctcccacacctcecccecectgaacctgaaacataaaatgaatgcaattgttyg
ttgttaacttgtttattgcagcttataatggttacaaataaagcaatagcatcacaaatttcac
aaataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatcttat
ggtactgtaactgagctaacataa

SEQ ID NO:26 SS*-E1-CMV-UTR1-SecNLuc-2A-eGFP-WPRE-3'UTR[2huBGpA-A120]-SS*

cccgggaggtaccgagctcecttacgegtgctagaattaaagtaacccaatcagecacacaattgece
attatacgcgcgtataatggactattgtgtgctgataaacctatttcagcatactacgcgegta
gtatgctgaaataggtgactagaagttcctatactttctagagaataggaacttcataacttcg
tataatgtatgctatacgaagttatgggttactttaatttggttgctgactaattgagatgcat
gctttgcatacttctgcctgctggggagectggggactttecacacctggttgetgactaattyg
agatgcatgctttgcatacttctgectgectggggagectggggactttccacacceectgggteg
acgggactttccggggcggggcacgdtggtgcacgggactttcecegtgcacgtgcacgggacttte
cgggactttccgggactttcecgtgcaccacgtggggactttecgtgcacgacattgattattga
ctagttattaatagtaatcaattacggggtcattagttcatagcccatatatggagttcecgegt
tacataacttacggtaaatggcccgcctggctgaccgceccaacgaccecccgeccattgacgtea
ataatgacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagt
atttacggtaaactgcccacttggcagtacatcaagtgtatcatatgccaagtacgccccctat
tgacgtcaatgacggtaaatggccecgcctggcattatgcccagtacatgaccttatgggacttt
cctacttggcagtacatctacgtattagtcatcgctattaccatggtgatgecggttttggcagt
acatcaatgggcgtggatagcggtttgactcacggggatttccaagtcteccacceccattgacgt
caatgggagtttgttttggcaccaaaatcaacgggactttccaaaatgtcgtaacaactccgece
ccattgacgcaaatgggcggtaggcgtgtacggtgggaggtctatataagcagagctetgectt
ctccectcectgtgagtttggtaagtecgacgggccgggectgggecgggtccgggececgggtegttyg
gatccccactacagcccgatactcaagcttgacgaattcgagtateccaaggtagtggactagtg
tgacgctgctgacccecctttctttceecttcectgecaggttggtgtacagtagecttccaaattgatta
attcgagcgaacgcgtcgecaccatgaactcecttetceccacaagegectteggteccagttgectt
ctcecectgggectgetectggtgttgectgetgectteecctgecccagtettecacactegaagat
ttcgttggggactggcgacagacagccggctacaacctggaccaagtecttgaacagggaggtyg
tgtccagtttgtttcagaatctcggggtgteccgtaactccgatccaaaggattgtectgagegg
tgaaaatgggctgaagatcgacatccatgtcatcatccecgtatgaaggtctgagecggecgaccaa
atgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtga
tcctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactattteggacyg
gccgtatgaaggcatcgecegtgttcecgacggcaaaaagatcactgtaacagggacecctgtggaac
ggcaacaaaattatcgacgagcgecctgatcaaccececgacggctcecectgectgtteccgagtaacca
tcaacggagtgaccggctggcggctgtgecgaacgcattctggeggectagegetactaacttecag
cctgctgaagcaggctggagacgtggaggagaaccctggacctggaagecggagagggcagagga
agtctgctaacatgcggtgacgtcgaggagaatcctggacctggatccggaatggtgagcaagg
gcgaggagctgttcaccggggtggtgcecccatcecectggtcgagectggacggegacgtaaacggeca
caagttcagcgtgtccggecgagggcgagggcgatgeccacctacggcaagctgaccctgaagtte
atctgcaccaccggcaagectgccegtgecetggeccaccctegtgaccacectgacctacggeg
tgcagtgcttcagcecgctaccccgaccacatgaagcagcacgacttecttcaagtccgecatgece
cgaaggctacgtccaggagcgcaccatcttcttcaaggacgacggcaactacaagacccgcgcece
gaggtgaagttcgagggcgacaccctggtgaaccgcatcgagctgaagggcatcgacttcaagg
aggacggcaacatcctggggcacaagctggagtacaactacaacagccacaacgtctatatcat
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ggccgacaagcagaagaacggcatcaaggtgaacttcaagatccgeccacaacatcgaggacggce
agcgtgcagctcgecgaccactaccagcagaacacccceccatcecggegacggeccegtgetgetge
ccgacaaccactacctgagcacccagtccgecctgagcaaagaccccaacgagaagegcgatea
catggtcctgctggagttecgtgaccgeccgecgggatcactctecggcatggacgagectgtacaag
taaaatcaacctctggattacaaaatttgtgaaagattgactggtattcttaactatgttgctce
cttttacgctatgtggatacgctgctttaatgcecctttgtatcatgectattgetteccegtatgge
tttcattttctcecctecttgtataaatcecctggttgetgtcectectttatgaggagttgtggecegtt
gtcaggcaacgtggcgtggtgtgcactgtgtttgctgacgcaaccecccactggttggggcattg
ccaccacctgtcagctcctttccgggactttecgettteccecectececctattgecacggeggaact
catcgccgectgecttgeccgetgetggacaggggctecggetgttgggecactgacaattecegtyg
gtgttgtcggggaaatcatcgtccttteccttggectgectegectgtgttgecacctggattetge
gcgggacgtecttetgctacgtcecectteggecctecaatccageggaccttecttecegeggect
gctgccggetcectgeggectetteegegtettegecttegecctcagacgagtecggatcecteectt
tgggccgccteccecgegctegetttettgetgtccaatttctattaaaggttectttgtteecet
aagtccaactactaaactgggggatattatgaagggccttgagcatctggattctgcctaataa
aaaacatttattttcattgcaagctcgectttecttgectgtceccaatttctattaaaggttecectttg
ttcecctaagtccaactactaaactgggggatattatgaagggcecttgagcatctggattetgee
taataaaaaacatttattttcattgcaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaasaaaasaaaasaaaaaaaaasaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaactcggaaggacatggtgtggaaagtccccaggctceccccagcagg
cagaagtatgcaaagcatgcatctcaattagtcagcaaccaggtgtggaaagtccccaggctece
ccagcaggcagaagtatgcaaagcatgcatctcaattagtcagcaaccaaattaaagtaaccca
taacttcgtatagcatacattatacgaagttatgaagttcctattctctagaaagtataggaac
ttctagtcacctatttcagcatactacgecgegtagtatgctgaaataggtttatcagcacacaa
tagtccattatacgcgcgtataatggcaattgtgtgetgattgggttactttaatttggatecyg
tcgaccgatgecccttgagagecttcaacccagtcagetceccttecggtgggecgeggggeatgact
atcgtcgcegcacttatgactgtettcectttatcatgcaactecgtaggacaggtgececggcagege
tcttcegettectegetcactgactecgetgegeteggtegtteggetgeggegageggtatcag
ctcactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtg
agcaaaaggccagcaaaaggccaggaaccdtaaaaaggccgegttgetggegtttttecatagg
ctcegeccecectgacgagcatcacaaaaatcgacgctcaagtcagaggtggegaaacccecgacag
gactataaagataccaggcgtttccccctggaagetccecctegtgegetcectectgtteccgacect
gccgcttaccggatacctgtceccecgectttetcececcttegggaagegtggegetttectecatagetcea
cgctgtaggtatctcagttcggtgtaggtegttegeteccaagetgggectgtgtgecacgaaccece
ccgttcagececcgaccgctgegecttatcecggtaactategtettgagtccaaccecggtaagaca
cgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggeggt
gctacagagttcttgaagtggtggcctaactacggctacactagaagaacagtatttggtatct
gcgctctgetgaagccagttaccttcggaaaaagagttggtagectettgatccggcaaacaaac
caccgctggtagcggtggtttttttgtttgcaagcagcagattacgegcagaaaaaaaggatcet
caagaagatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaag
ggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaag
ttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagt
gaggcacctatctcagcgatctgtctatttcgttcatccatagttgecctgactceceecgtegtgt
agataactacgatacgggagggcttaccatctggccccagtgctgcaatgataccgecgagacce
acgctcaccggctccagatttatcagcaataaaccagccageccggaagggcecgagegcagaagt
ggtcctgcaactttatccgcecctccatccagtectattaattgttgecgggaagectagagtaagta
gttcgccagttaatagtttgcgcaacgttgttgecattgectacaggcategtggtgtcacgete
gtcgtttggtatggcttcattcagctcecggttecccaacgatcaaggcgagttacatgatecececcee
atgttgtgcaaaaaagcggttagctcctteggtcctecgategttgtcagaagtaagttggecg
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cagtgttatcactcatggttatggcagcactgcataattctcttactgtcatgccatcececgtaag
atgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgeggcgaccyg
agttgctcttgccecggcgtcaatacgggataataccgcgecacatagcagaactttaaaagtge
tcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgectgttgagatceccag
ttcgatgtaacccactcgtgcacccaactgatcttcagcatecttttactttcaccagegtttcet
gggtgagcaaaaacaggaaggcaaaatgccgcaaaaaaggdaataagggcgacacggaaatgtt
gaatactcatactcttcctttttcaatattattgaagcatttatcagggttattgtctcatgag
cggatacatatttgaatgtatttagaaaaataaacaaataggggttccgcgecacatttccecega
aaagtgccacctgacgcgeccctgtagecggegcattaagecgeggegggtgtggtggttacgegea
gcgtgaccgctacacttgceccagcgceccecctagegeccgectectttegetttetteecttectttet
cgccacgttcgececggcetttcececcecgtcaagetctaaategggggeteectttagggttecgattt
agtgctttacggcacctcgaccccaaaaaacttgattagggtgatggttcacgtagtgggecat
cgccctgatagacggtttttegecctttgacgttggagtccacgttetttaatagtggactcett
gttccaaactggaacaacactcaaccctatctcggtctattecttttgatttataagggattttg
ccgatttcggecctattggttaaaaaatgagctgatttaacaaaaatttaacgcgaattttaaca
aaatattaacgcttacaatttgccattcgeccattcaggectgecgcaactgttgggaagggecgate
ggtgcgggcectcttegetattacgccagceccaagctaccatgataagtaagtaatattaaggta
cgtggaggttttacttgctttaaaaaacctcccacacctcceecctgaacctgaaacataaaatg
aatgcaattgttgttgttaacttgtttattgcagcttataatggttacaaataaagcaatagca
tcacaaatttcacaaataaagcatttttttcactgcattctagttgtggtttgtccaaactcat
caatgtatcttatggtactgtaactgagctaacataa

SEQ ID NO:27 SS*-UCOE-E1-CMV-UTR1-SecNLuc-2A-eGFP-WPRE-3'UTR[2huBGpA-
A120]-SS*

ccecgggaggtaccgagctettacgegtgectagaattaaagtaacccaatcagcacacaattgece
attatacgcgcgtataatggactattgtgtgctgataaacctatttcagcatactacgcgegta
gtatgctgaaataggtgactagaagttcctatactttctagagaataggaacttcataacttecg
tataatgtatgctatacgaagttatgggttactttaatttggttgctgactaattgagatgcat
gctttgcatacttctgectgectggggagectggggactttceccacacctggttgetgactaattg
agatgcatgctttgcatacttctgectgetggggagectggggactttceccacaccectgggteg
acgcacacgaccacaattccactgaaagcattttaatacggaacttgtcactcccagggagect
ccgctcagceccggcagttggttcatttcaateccccacgacaacccttcaaagtgcagggcagaca
gcaggtggctctgecccaggegcectggatcacageceggectgcageectcacctgggegegggg
agaccctgaggacgctcectceccaggcggegetggecggggectgeggacacggacgggegggetg
agctccgggaccceccteccegegececcgcacceccgecaccecegecaccecgecaceccgecacceggeyg
ctcaccecgteccageccecgecgcecegcagecccagetgcaacgcagecaccgecgecategeac
ccggecccecgegggegcetteecgggacgcaggaggcatetgecatecggggegecgcectgagtececege
ccagagcccecgccceccggcectecaggttcectgegageggecttecegeccgggctgetcecgegggegeg
tcggeccatgagcgagttgececgggecgacgtgegggegtttcectgegggagcaccegagectgegge
tccagacggacgcccgcaaggttecgcagecgegggaggggaacggagtggecggagaagggcgeag
ttgggatgaggggctgaggggagggcaggggagaggagagggcaggggagaggggagaggggag
agcaggagagaggggaaggcaggggagagggcgcggcgggatcaggggaggagagggaagggac
tttcecggggcggggcacgtggtgcacgggactttececgtgcacgtgcacgggactttecgggact
ttccgggactttcecgtgcaccacgtggggacttteccgtgcacgacattgattattgactagtta
ttaatagtaatcaattacggggtcattagttcatagcccatatatggagttceccgegttacataa
cttacggtaaatggccecgectggctgaccgcccaacgacccececcgeccattgacgtcaataatga
cgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagtatttacyg
gtaaactgcccacttggcagtacatcaagtgtatcatatgccaagtacgecccecctattgacgte



WO 2022/264095 PCT/1B2022/055620
- 109 -

aatgacggtaaatggcccgcectggcattatgcccagtacatgaccttatgggactttcecctactt
ggcagtacatctacgtattagtcatcgctattaccatggtgatgecggttttggcagtacatcaa
tgggcgtggatagcggtttgactcacggggatttccaagtcteccacecccattgacgtcaatggg
agtttgttttggcaccaaaatcaacgggactttccaaaatgtcgtaacaactccgccceccattga
cgcaaatgggcggtaggcgtgtacggtgggaggtctatataagcagagctcectgecttcecteccte
ctgtgagtttggtaagtcgacgggccgggectgggecegggtecgggecgggtegttggatceecee
actacagcccgatactcaagcttgacgaattcgagtatccaaggtagtggactagtgtgacget
gctgacccctttcectttcecececttcectgecaggttggtgtacagtagctteccaaattgattaattegag
cgaacgcgtcgccaccatgaactccttctecacaagegecctteggtecagttgectteteectyg
ggcctgctectggtgttgectgectgecttecccectgecccagtecttecacactcgaagatttegttg
gggactggcgacagacagccggctacaacctggaccaagtceccttgaacagggaggtgtgtccag
tttgtttcagaatctcggggtgtcegtaactcececgateccaaaggattgtecctgageggtgaaaat
gggctgaagatcgacatccatgtcatcatccecgtatgaaggtctgagecggecgaccaaatgggece
agatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgca
ctatggcacactggtaatcgacggggttacgccgaacatgatcgactatttecggacggccgtat
gaaggcatcgccgtgttcgacggcaaaaagatcactgtaacagggacccectgtggaacggcaaca
aaattatcgacgagcgcctgatcaaccccgacggcectececctgetgttecgagtaaccatcaacgg
agtgaccggctggcggctgtgcgaacgcattcectggeggctagegetactaacttcagectgetyg
aagcaggctggagacgtggaggagaaccctggacctggaagcggagagggcagaggaagtcetge
taacatgcggtgacgtcgaggagaatcctggacctggatccggaatggtgagcaagggcgagga
gctgttcaccggggtggtgceccatecctggtcgagetggacggcgacgtaaacggeccacaagtte
agcgtgtccggcgagggcgagggcgatgceccacctacggcaagectgaccectgaagttcatetgea
ccaccggcaagctgccegtgecctggeccacectegtgaccacecctgacctacggegtgecagtyg
cttcagccgctacceccgaccacatgaagcagcacgacttcecttcaagtecgecatgeececgaagge
tacgtccaggagcgcaccatcttettcaaggacgacggcaactacaagaccecgcecgecgaggtga
agttcgagggcgacaccctggtgaaccgcatcgagectgaagggcatecgacttcaaggaggacgg
caacatcctggggcacaagctggagtacaactacaacagccacaacgtctatatcatggccgac
aagcagaagaacggcatcaaggtgaacttcaagatccgceccacaacatcgaggacggcagegtge
agctcgccgaccactaccagcagaacacccccateggecgacggcecececgtgetgetgeccgacaa
ccactacctgagcacccagtccecgcecectgagcaaagaccccaacgagaagcgegatcacatggte
ctgctggagttcecgtgaccgecgceccecgggatcactctecggcatggacgagctgtacaagtaagete
gctttcttgctgtccaatttctattaaaggttcctttgttecctaagtccaactactaaactgg
gggatattatgaagggccttgagcatctggattctgcctaataaaaaacatttattttcattge
aagctcgctttcttgctgtccaatttctattaaaggttectttgtteccctaagtceccaactacta
aactgggggatattatgaagggccttgagcatctggattctgecctaataaaaaacatttatttt
cattgcaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaasaaaaaaaaaasaaaaaaasaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
ctcggaaggacatggtgtggaaagtccccaggctcceccagcaggcagaagtatgcaaagcatge
atctcaattagtcagcaaccaggtgtggaaagtccccaggctcceccagcaggcagaagtatgea
aagcatgcatctcaattagtcagcaaccaaattaaagtaacccataacttcgtatagcatacat
tatacgaagttatgaagttcctattctctagaaagtataggaacttctagtcacctatttcage
atactacgcgcgtagtatgctgaaataggtttatcagcacacaatagtccattatacgecgegta
taatggcaattgtgtgctgattgggttactttaatttggatccgtcgaccgatgcccttgagag
ccttcaacccagtcagctceccttcecggtgggegeggggecatgactategtecgeegcacttatgac
tgtcttctttatcatgcaactcgtaggacaggtgccggcagegetcecttecgettectegetceac
tgactcgectgcecgcectecggtegtteggectgeggegageggtatcagetcactcaaaggecggtaata
cggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaadgg
ccaggaaccgtaaaaaggccgcgttgectggegttttteccataggectecgececcctgacgagea
tcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggceg
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tttcececectggaagectcececctegtgegetetectgttecgacectgeecgettacecggatacectgt
ccgecttteteccttegggaagegtggegetttectcatagetcacgetgtaggtatectecagtte
ggtgtaggtcgttcgctccaagectgggctgtgtgcacgaaccceccececegttcageccgaccgetge
gccttatcecggtaactatcegtettgagtccaacccggtaagacacgacttategeccactggeag
cagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagtyg
gtggcctaactacggctacactagaagaacagtatttggtatctgegectectgectgaagccagtt
accttcggaaaaagagttggtagectcttgatcecggcaaacaaaccaccgetggtageggtggtt
tttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgatctt
ttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagatta
tcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaatctaaagta
tatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagcgat
ctgtctatttcgttcatccatagttgecctgactceccecegtegtgtagataactacgatacgggag
ggcttaccatctggccccagtgetgcaatgataccgcgagacccacgctcacecggetceccagatt
tatcagcaataaaccagccagccggaagggccgagcecgcagaagtggtectgecaactttatececge
ctccatccagtctattaattgttgeccgggaagctagagtaagtagttcgeccagttaatagtttg
cgcaacgttgttgccattgctacaggcatecgtggtgtcacgectcegtegtttggtatggetteat
tcagctcecggttceccaacgatcaaggcgagttacatgatccecccatgttgtgcaaaaaageggt
tagctcctteggtecteccgategttgtcagaagtaagttggecgcagtgttatcactecatggtt
atggcagcactgcataattctcttactgtcatgeccatcecgtaagatgettttcectgtgactggtyg
agtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgectcttgeccggegte
aatacgggataataccgcgccacatagcagaactttaaaagtgctcatcattggaaaacgttct
tcggggcgaaaactctcaaggatcttaccgectgttgagatccagttcgatgtaacccactegtyg
cacccaactgatcttcagcatcttttactttcaccagegtttctgggtgagcaaaaacaggaag
gcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttgaatactcatactcttectt
tttcaatattattgaagcatttatcagggttattgtctcatgagcggatacatatttgaatgta
tttagaaaaataaacaaataggggttccgcgcacatttcccegaaaagtgccacctgacgegec
ctgtagcggcgcattaagcgeggegggtgtggtggttacgecgecagegtgacecgctacacttgece
agcgccctagecgeccgetectttegetttettececttectttetegecacgttegecggettte
cccecgtcaagctctaaatcgggggetecectttagggttecgatttagtgetttacggecacctega
ccccaaaaaacttgattagggtgatggttcacgtagtgggccatcgecctgatagacggttttt
cgccctttgacgttggagtccacgttctttaatagtggactettgttceccaaactggaacaacac
tcaaccctatctcggtctattcttttgatttataagggattttgccgattteggectattggtt
aaaaaatgagctgatttaacaaaaatttaacgcgaattttaacaaaatattaacgcttacaatt
tgccattecgeccattcaggectgegcaactgttgggaagggcgatcggtgegggectettegetat
tacgccagcccaagctaccatgataagtaagtaatattaaggtacgtggaggttttacttgett
taaaaaacctcccacacctecccecctgaacctgaaacataaaatgaatgcaattgttgttgttaa
cttgtttattgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaa
gcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatcttatggtactyg
taactgagctaacataa

SEQ ID NO:28 SS*-E1-CMV-UTR1-SecNLuc-2A-eGFP-huMAR-3'UTR[2huBGpA-A120]-
SS*

ccecgggaggtaccgagctettacgegtgectagaattaaagtaacccaatcagecacacaattgece
attatacgcgcgtataatggactattgtgtgctgataaacctatttcagcatactacgcgegta
gtatgctgaaataggtgactagaagttcctatactttctagagaataggaacttcataactteg
tataatgtatgctatacgaagttatgggttactttaatttggttgctgactaattgagatgcat
gctttgcatacttctgcecctgectggggagectggggactttecacacctggttgetgactaattyg
agatgcatgctttgcatacttctgectgetggggagectggggactttceccacaccectgggteg
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acgggactttccggggcggggcacgtggtgcacgggactttcecegtgcacgtgcacgggacttte
cgggactttccgggactttecgtgecaccacgtggggactttecgtgecacgacattgattattga
ctagttattaatagtaatcaattacggggtcattagttcatagcccatatatggagttccgegt
tacataacttacggtaaatggcccgcecctggctgaccgeccaacgaccceccgceccattgacgtceca
ataatgacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagt
atttacggtaaactgcccacttggcagtacatcaagtgtatcatatgccaagtacgccccecctat
tgacgtcaatgacggtaaatggccecgcectggcattatgecccagtacatgaccttatgggacttt
cctacttggcagtacatctacgtattagtcatcgctattaccatggtgatgeggttttggcagt
acatcaatgggcgtggatagcggtttgactcacggggatttccaagtctccacccecattgacgt
caatgggagtttgttttggcaccaaaatcaacgggactttccaaaatgtcgtaacaactccgece
ccattgacgcaaatgggcggtaggcgtgtacggtgggaggtctatataagcagagctctgecectt
ctcecctectgtgagtttggtaagtecgacgggeccgggectgggecgggteccgggecgggtegttyg
gatccccactacagcccgatactcaagecttgacgaattcgagtateccaaggtagtggactagtyg
tgacgctgctgaccecctttetttcececttectgcaggttggtgtacagtagctteccaaattgatta
attcgagcgaacgecgtcgecaccatgaactccttectccacaagegectteggteccagttgectt
ctcecctgggectgetectggtgttgectgetgecttcecectgecccagtettcacactecgaagat
ttcgttggggactggcgacagacagccecggctacaacctggaccaagteccttgaacagggaggtyg
tgtccagtttgtttcagaatctcggggtgtcececgtaactceccgatccaaaggattgtectgagegg
tgaaaatgggctgaagatcgacatccatgtcatcatecccecgtatgaaggtctgagecggcgaccaa
atgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtga
tcctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacyg
gccgtatgaaggcatcgceccegtgttcgacggcaaaaagatcactgtaacagggaccctgtggaac
ggcaacaaaattatcgacgagcgcctgatcaaccccgacggctcecectgetgtteccgagtaacca
tcaacggagtgaccggctggcggetgtgecgaacgcattcectggeggectagegetactaacttecag
cctgectgaagcaggctggagacgtggaggagaaccctggacctggaagcggagagggcagagga
agtctgctaacatgcggtgacgtcgaggagaatcctggacctggatceccggaatggtgagcaagg
gcgaggagctgttcaccggggtggtgcccatcctggtcgagectggacggecgacgtaaacggeca
caagttcagcgtgtccggecgagggcgagggcgatgeccacctacggcaagctgaccctgaagtte
atctgcaccaccggcaagctgceccegtgecectggeccaccectegtgaccacectgacctacggeg
tgcagtgcttcagcecgctaccceccgaccacatgaagcagcacgacttecttcaagtececgecatgece
cgaaggctacgtccaggagcgcaccatcttcttcaaggacgacggcaactacaagacccgegec
gaggtgaagttcgagggcgacaccctggtgaaccgcatcgagctgaagggcatcgacttcaagg
aggacggcaacatcctggggcacaagctggagtacaactacaacagccacaacgtctatatcat
ggccgacaagcagaagaacggcatcaaggtgaacttcaagatccgceccacaacatcgaggacgge
agcgtgcagctcgecgaccactaccagcagaacacccccatecggegacggeccegtgetgetge
ccgacaaccactacctgagcacccagtcecgecctgagcaaagaccccaacgagaagegcgatcea
catggtcctgctggagttcgtgaccgccgecgggatcactcectecggcatggacgagetgtacaag
taaggatcccattctecttgatgtactaatttttctttaaaagtgataataatagcteccattt
agaatttttaaataacacaacaaatgtaaagtaactaatgtgtcctctggatcatggtaagtaa
tgaataaatttaactccctttaccttctcectttgectatttttteccatgectaggatttatacat
ttttaaaaaactaaatctgctatcaaatgacagctttaaatttactttttaaaatttgttattg
tatatatttatggggtataaagtgatgttatgatatatatatacacaatgtacactgattaaat
caagccaattaacattttatcatctcaaatacttaacattttttgtagtgagaacatttgaaat
ttacttttagcaatttcaaaacatacattattattattaactatagtcaccatgatgtaccata
gatctttaaaaacttattcttecctgectaactgaaactttgtactctttgactaacatctttte
attcccccacttecccagectcectggtaatcaccattacacactectgettcectatgagttcaattge
tttagactccacgtaataaatgagatcatgcagcatttggctttctgtgectggettatececttyg
cttagcatggtgtcttacaggttcatccatgttgcaacaaataacagaatctcattcetttgtta
aggctgaatactattccattgggtatatataccacattttecttatccattaatccactgatgg
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acccttaggttgttgattccatatattggctattgtaaatagtgcagcaatgaacatgagagtg
caactatctcttcaatgtactgatttcgaatccttcggatctatctcagaagtgagattgecagg
atcatataattctacttttagtcttttgaggagctccatacagctttccatatggeccatactaa
ttacattctcatcaacagtgtacaatggtttccttttcteccacatcctcaccaacatttataat
tttttgtctttttgataatagccatctgacaggtgtaaagtgatagctcattgcagttttaatt
tgcattttttgatgattagtaatgttgagaattttttcatatatctcttggeccagttgcatgte
ttctttggaaaaatgtctattcagttcctttgcecccattttttaattgggatttttggtttettyg
ctattgagttgtttgaattcgctcgectttecttgctgteccaatttctattaaaggttectttgtt
ccctaagtccaactactaaactgggggatattatgaagggccttgagcatctggattectgecta
ataaaaaacatttattttcattgcaagctcgectttcttgctgtccaatttctattaaaggttce
tttgttcecctaagtccaactactaaactgggggatattatgaagggecttgagcatctggatte
tgcctaataaaaaacatttattttcattgcaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaasaaaasaaaasaaaasaaaasaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaaaaactcggaaggacatggtgtggaaagtccccaggectccecceccag
caggcagaagtatgcaaagcatgcatctcaattagtcagcaaccaggtgtggaaagtccccagg
ctcecccagcaggcagaagtatgcaaagcatgecatctcaattagtcagcaaccaaattaaagtaa
cccataacttcgtatagcatacattatacgaagttatgaagttcecctattctctagaaagtatag
gaacttctagtcacctatttcagcatactacgecgegtagtatgctgaaataggtttatcagecac
acaatagtccattatacgcgcgtataatggcaattgtgtgcectgattgggttactttaatttgga
tccgtecgaccgatgeecttgagagecttcaacccagtecagectectteecggtgggecgeggggeat
gactatcgtcgccgcacttatgactgtcttctttatcatgcaactegtaggacaggtgeccggea
gcgctettecgecttectegetcecactgactegetgegeteggtegtteggetgeggecgageggta
tcagctcactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaaca
tgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgegttgetggegttttteca
taggctcecgeccecectgacgagcatcacaaaaatcgacgctcaagtcagaggtggegaaacecy
acaggactataaagataccaggcgtttcecccctggaagcteccctegtgegetctectgttecga
ccctgecgecttaccggatacctgtecgectttcecteececttecgggaagegtggegetttetecatag
ctcacgctgtaggtatctcagttcggtgtaggtegttegetceccaagetgggectgtgtgcacgaa
ccceecegttecagecccgacegetgegecttateceggtaactategtecttgagteccaacceggtaa
gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtagg
cggtgctacagagttcttgaagtggtggcctaactacggctacactagaagaacagtatttggt
atctgcgctctgctgaagecagttacctteggaaaaagagttggtagctcecttgatecggcaaac
aaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgecgcagaaaaaaagg
atctcaagaagatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgt
taagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaat
gaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaat
cagtgaggcacctatctcagcgatctgtctatttcgttcateccatagttgectgacteccegte
gtgtagataactacgatacgggagggcttaccatctggccccagtgectgcaatgataccgegag
acccacgctcaccggctccagatttatcagcaataaaccageccagecggaagggeccgagegeag
aagtggtcctgcaactttatccgectccatccagtctattaattgttgecgggaagectagagta
agtagttcgccagttaatagtttgcgcaacgttgttgccattgectacaggcatcgtggtgtecac
gctegtegtttggtatggettcattcagetceceggttecccaacgatcaaggecgagttacatgate
ccccatgttgtgcaaaaaagcggttagctecttecggtectececgatecgttgtcagaagtaagttyg
gccgcagtgttatcactcatggttatggcagcactgcataattctecttactgtcatgeccatecg
taagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggeg
accgagttgctcttgcccggegtcaatacgggataataccgegccacatagcagaactttaaaa
gtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgetgttgagat
ccagttcgatgtaacccactcgtgcacccaactgatcttcagecatecttttactttcaccagegt
ttctgggtgagcaaaaacagdgaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaa
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tgttgaatactcatactcttcctttttcaatattattgaagcatttatcagggttattgtcectea
tgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgcgecacatttece
ccgaaaagtgccacctgacgcgccctgtageggegecattaagegeggegggtgtggtggttacyg
cgcagcgtgaccgctacacttgceccagegeccecctagegeccgcectectttegetttcectteecttect
ttctcgccacgttegeecggectttceccegtcaagetctaaatecgggggetecctttagggtteeg
atttagtgctttacggcacctcgaccccaaaaaacttgattagggtgatggttcacgtagtggg
ccatcgccctgatagacggtttttegecctttgacgttggagtccacgttectttaatagtggac
tcttgttccaaactggaacaacactcaaccctatcteggtctattcttttgatttataagggat
tttgccgatttcggectattggttaaaaaatgagctgatttaacaaaaatttaacgcgaatttt
aacaaaatattaacgcttacaatttgccattcgccattcaggectgecgcaactgttgggaagggce
gatcggtgcgggectcttegectattacgeccageccaagctaccatgataagtaagtaatattaa
ggtacgtggaggttttacttgctttaaaaaacctcccacacctcecececctgaacctgaaacataa
aatgaatgcaattgttgttgttaacttgtttattgcagcttataatggttacaaataaagcaat
agcatcacaaatttcacaaataaagcatttttttcactgcattctagttgtggtttgtccaaac
tcatcaatgtatcttatggtactgtaactgagctaacataa

SEQ ID NO:29 SS*-UCOE-E1-CMV-UTR1-SecNLuc-2A-eGFP-huMAR-3'UTR[2huBGpA-
A120]-SS*

ccecgggaggtaccgagctcettacgegtgectagaattaaagtaacccaatcagecacacaattgece
attatacgcgcgtataatggactattgtgtgctgataaacctatttcagcatactacgcgegta
gtatgctgaaataggtgactagaagttcctatactttctagagaataggaacttcataacttcg
tataatgtatgctatacgaagttatgggttactttaatttggttgctgactaattgagatgcat
gctttgcatacttctgectgectggggagectggggactttceccacacctggttgetgactaattg
agatgcatgctttgcatacttctgectgetggggagectggggactttceccacaccectgggteg
acgcacacgaccacaattccactgaaagcattttaatacggaacttgtcactcccagggagect
ccgctcagceccggcagttggttcatttcaateccccacgacaacccttcaaagtgcagggcagaca
gcaggtggctctgecccaggegcecctggatcacageceggectgcageectcacctgggegegggg
agaccctgaggacgctcectceccaggcggegetggecggggectgeggacacggacgggegggetg
agctccgggaccccteccegegeceoccgcacceccgecaccocegecaccecgecacececcgecaccecggeg
ctcaccecgteccageccecgecgecegcagecccagetgcaacgcagecaccgecgecategeac
ccggecccecgegggegcettecgggacgcaggaggcatetgecatecggggegecgcectgagtececege
ccagagcccegccceccggcectecaggttcectgegageggectteegececgggctgetcecgegggegeg
tcggccatgagcgagttgececgggecgacgtgegggegtttctgegggagcaccecegagectgegge
tccagacggacgcccgcaaggttcecgcagecgegggaggggaacggagtggecggagaagggcgeag
ttgggatgaggggctgaggggagggcaggggagaggagagggcaggggagaggggagaggggag
agcaggagagaggggaaggcaggggagagggcgcggcgggatcaggggaggagagggaagggac
tttcecggggcggggcacgtggtgcacgggactttececgtgcacgtgcacgggactttecgggact
ttccgggactttcecgtgcaccacgtggggacttteccgtgcacgacattgattattgactagtta
ttaatagtaatcaattacggggtcattagttcatagcccatatatggagttceccgegttacataa
cttacggtaaatggccecgectggctgaccgcccaacgacccececgeccattgacgtcaataatga
cgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagtatttacyg
gtaaactgcccacttggcagtacatcaagtgtatcatatgccaagtacgecccecctattgacgte
aatgacggtaaatggcccgcectggcattatgecccagtacatgaccttatgggactttcecctactt
ggcagtacatctacgtattagtcatcgctattaccatggtgatgecggttttggcagtacatcaa
tgggcgtggatagcggtttgactcacggggatttccaagtcteccacecccattgacgtcaatggg
agtttgttttggcaccaaaatcaacgggactttccaaaatgtcgtaacaactccgcecceccattga
cgcaaatgggcggtaggcgtgtacggtgggaggtctatataagcagagctctgecttetceccte

ctgtgagtttggtaagtcgacgggccgggectgggcecgggteccgggeegggtegttggateccee
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actacagcccgatactcaagcttgacgaattcgagtatccaaggtagtggactagtgtgacget
gctgacccctttetttececttetgecaggttggtgtacagtagectteccaaattgattaattegag
cgaacgcgtcgccaccatgaactccttctecacaagegecctteggtecagttgectteteectyg
ggcctgctectggtgttgectgectgecttecccectgecccagtcecttecacactcgaagatttegttg
gggactggcgacagacagccggctacaacctggaccaagtceccttgaacagggaggtgtgtceccag
tttgtttcagaatctcggggtgtcegtaactceccgateccaaaggattgtecctgageggtgaaaat
gggctgaagatcgacatccatgtcatcatccecgtatgaaggtctgagecggecgaccaaatgggece
agatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgca
ctatggcacactggtaatcgacggggttacgccgaacatgatcgactatttecggacggccgtat
gaaggcatcgccgtgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaaca
aaattatcgacgagcgcctgatcaaccccgacggcectcecectgetgttecgagtaaccatcaacgg
agtgaccggctggcggctgtgcgaacgcattcectggeggctagegetactaacttcagectgetg
aagcaggctggagacgtggaggagaaccctggacctggaagcggagagggcagaggaagtcetge
taacatgcggtgacgtcgaggagaatcctggacctggatccggaatggtgagcaagggcgagga
gctgttcaccggggtggtgcccatecctggtcgagetggacggcgacgtaaacggccacaagtte
agcgtgtccggcgagggcgagggcgatgceccacctacggcaagectgaccectgaagttcatetgea
ccaccggcaagctgccegtgecctggeccacectegtgaccaccctgacctacggegtgecagtyg
cttcagccgctaccececgaccacatgaagcagcacgacttcecttcaagtecgecatgecececgaagge
tacgtccaggagcgcaccatcttettcaaggacgacggcaactacaagaccecgcecgecgaggtga
agttcgagggcgacaccctggtgaaccgcatcgagectgaagggcatecgacttcaaggaggacgg
caacatcctggggcacaagctggagtacaactacaacagccacaacgtctatatcatggccgac
aagcagaagaacggcatcaaggtgaacttcaagatccgceccacaacatcgaggacggcagegtge
agctcgccgaccactaccagcagaacacccccatecggegacggeecegtgetgetgeeccgacaa
ccactacctgagcacccagtccgceccectgagcaaagaccccaacgagaagcgegatcacatggte
ctgctggagttcecgtgaccgecgceccgggatcactctecggcatggacgagctgtacaagtaaggat
cccattctceccttgatgtactaatttttctttaaaagtgataataatagctcccatttagaattt
ttaaataacacaacaaatgtaaagtaactaatgtgtcctctggatcatggtaagtaatgaataa
atttaactccctttaccttctececctttgctattttttccatgectaggatttatacatttttaaa
aaactaaatctgctatcaaatgacagctttaaatttactttttaaaatttgttattgtatatat
ttatggggtataaagtgatgttatgatatatatatacacaatgtacactgattaaatcaagcca
attaacattttatcatctcaaatacttaacattttttgtagtgagaacatttgaaatttacttt
tagcaatttcaaaacatacattattattattaactatagtcaccatgatgtaccatagatcttt
aaaaacttattcttcctgectaactgaaactttgtactctttgactaacatcttttcattecce
cacttcccagcecctcectggtaatcaccattacacactcectgcecttcectatgagttcaattgetttagac
tccacgtaataaatgagatcatgcagcatttggctttcectgtgectggettatecttgettagea
tggtgtcttacaggttcatccatgttgcaacaaataacagaatctcattctttgttaaggetga
atactattccattgggtatatataccacattttcecttatccattaatccactgatggaccetta
ggttgttgattccatatattggctattgtaaatagtgcagcaatgaacatgagagtgcaactat
ctcttcaatgtactgatttcgaatccttcggatctatctcagaagtgagattgcaggatcatat
aattctacttttagtcttttgaggagctccatacagctttccatatggccatactaattacatt
ctcatcaacagtgtacaatggtttccttttctccacatcctcaccaacatttataattttttgt
ctttttgataatagccatctgacaggtgtaaagtgatagctcattgcagttttaatttgcattt
tttgatgattagtaatgttgagaattttttcatatatctcttggccagttgcatgtecttctttg
gaaaaatgtctattcagttcctttgcccattttttaattgggatttttggtttcttgctattga
gttgtttgaattcgctcgetttcttgctgtccaatttctattaaaggttectttgttecctaag
tccaactactaaactgggggatattatgaagggccttgagcatctggattctgectaataaaaa
acatttattttcattgcaagctcgctttecttgetgtccaatttctattaaaggttectttgtte
cctaagtccaactactaaactgggggatattatgaagggccttgagcatctggattcectgectaa
taaaaaacatttattttcattgcaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
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aaaaaasaaaasaaaasaaaaaaaaasaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaactcggaaggacatggtgtggaaagtccccaggcectcecccagcaggcag
aagtatgcaaagcatgcatctcaattagtcagcaaccaggtgtggaaagtccccaggctceecca
gcaggcagaagtatgcaaagcatgcatctcaattagtcagcaaccaaattaaagtaacccataa
cttcgtatagcatacattatacgaagttatgaagttcctattctctagaaagtataggaactte
tagtcacctatttcagcatactacgcgcgtagtatgectgaaataggtttatcagcacacaatag
tccattatacgcgegtataatggcaattgtgtgectgattgggttactttaatttggatcegteg
accgatgcceccttgagagccttcaacccagtcagetectteecggtgggegeggggecatgactate
gtcgccgcacttatgactgtcttetttatcatgcaactcgtaggacaggtgeccggecagecgetet
tccgecttectegectcactgactecgetgegeteggtegtteggetgeggegageggtatcagete
actcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgage
aaaaggccagcaaaaggccaggaaccgtaaaaaggccgegttgetggegtttttecataggetce
cgccceccectgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggac
tataaagataccaggcgtttccccecctggaagctceccctegtgegectectectgtteccgaccctgec
gcttaccggatacctgtcegectttctcececttecgggaagegtggegetttetcatagectcacge
tgtaggtatctcagttcggtgtaggtcegttcgctceccaagetgggetgtgtgcacgaacccececeg
ttcagccecgaccgetgegecttatececggtaactatecgtecttgagtccaacccggtaagacacga
cttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggeggtget
acagagttcttgaagtggtggcctaactacggctacactagaagaacagtatttggtatctgeg
ctctgctgaagccagttaccttcggaaaaagagttggtagctecttgatccggcaaacaaaccac
cgctggtagcggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaa
gaagatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaaggga
ttttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttt
taaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgag
gcacctatctcagcgatctgtctatttegttcateccatagttgectgacteccegtegtgtaga
taactacgatacgggagggcttaccatctggccccagtgctgcaatgataccgcgagacccacg
ctcaccggctccagatttatcagcaataaaccagccagccggaagggecgagegcagaagtggt
cctgcaactttatccgectccatceccagtctattaattgttgecgggaagectagagtaagtagtt
cgccagttaatagtttgcgcaacgttgttgecattgectacaggcategtggtgtcacgetegte
gtttggtatggcttcattcagctccggttecccaacgatcaaggcgagttacatgatecccececatg
ttgtgcaaaaaagcggttagctccttecggtectecgatecgttgtcagaagtaagttggceccgecag
tgttatcactcatggttatggcagcactgcataattctcttactgtcatgeccatcecgtaagatyg
cttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgeggcgaccgagt
tgctcttgccecggegtcaatacgggataataccgcegceccacatagcagaactttaaaagtgectca
tcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgetgttgagateccagtte
gatgtaacccactcgtgcacccaactgatcttcagecatcttttactttcaccagegtttcectggg
tgagcaaaaacaggaaggcaaaatgccgcaaaaaaggdgaataagggcgacacggaaatgttgaa
tactcatactcttcctttttcaatattattgaagcatttatcagggttattgtctcatgagegg
atacatatttgaatgtatttagaaaaataaacaaataggggttccgcgcacatttceccccgaaaa
gtgccacctgacgcgccctgtageggcegcattaagegeggegggtgtggtggttacgegecageg
tgaccgctacacttgccagegeccctagegececgectectttegetttettececttectttetege
cacgttcgececggctttceccecegtcaagectcectaaatecgggggetecctttagggtteccgatttagt
gctttacggcacctcgaccccaaaaaacttgattagggtgatggttcacgtagtgggccatcge
cctgatagacggtttttcgeectttgacgttggagtceccacgttctttaatagtggactcttgtt
ccaaactggaacaacactcaaccctatctecggtctattcttttgatttataagggattttgeeg
atttcggcctattggttaaaaaatgagctgatttaacaaaaatttaacgcgaattttaacaaaa
tattaacgcttacaatttgccattecgeccattcaggectgegcaactgttgggaagggecgateggt
gcgggcctettegetattacgccagcecccaagctaccatgataagtaagtaatattaaggtacgt
ggaggttttacttgctttaaaaaacctcccacacctcccectgaacctgaaacataaaatgaat



WO 2022/264095 PCT/1B2022/055620
-116 -

gcaattgttgttgttaacttgtttattgcagcttataatggttacaaataaagcaatagcatca
caaatttcacaaataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaa
tgtatcttatggtactgtaactgagctaacataa

SEQ ID NO:30 SS*-UCOE-E1-CMV-UTR1-SecNLuc-2A-eGFP-WPRE-3'UTR[2huBGpA-
A120]-SS*

ccecgggaggtaccgagctcettacgegtgectagaattaaagtaacccaatcagcacacaattgece
attatacgcgcgtataatggactattgtgtgctgataaacctatttcagcatactacgecgegta
gtatgctgaaataggtgactagaagttcctatactttctagagaataggaacttcataacttcg
tataatgtatgctatacgaagttatgggttactttaatttggttgctgactaattgagatgcat
gctttgcatacttctgectgectggggagectggggactttceccacacctggttgetgactaattg
agatgcatgctttgcatacttctgectgetggggagectggggactttccacaccectgggteg
acgcacacgaccacaattccactgaaagcattttaatacggaacttgtcactcccagggagect
ccgctcagceccggcagttggttcatttcaateccccacgacaacccttcaaagtgcagggcagaca
gcaggtggctctgecccaggegcecctggatcacageeceggectgcageectcacctgggegegggyg
agaccctgaggacgctcecctccaggcggegetggecggggectgecggacacggacgggegggetg
agctccgggaccccecteccegegeceoccgcacceccgecaccocegecaccecgecacececcgecacccggeg
ctcaccecgtecccagecccecgecgcecegcagecccagetgcaacgcagecaccgecgecategeac
ccggecccecgegggegcetteecgggacgcaggaggcatetgcateecggggegecgectgagteecege
ccagagcccecgcccececggctecaggttcectgegageggectteegececgggctgetcecgegggegeg
tcggeccatgagcgagttgececgggecgacgtgegggegtttctgegggagcacecegagectgegge
tccagacggacgcccgcaaggttcecgcagecgegggaggggaacggagtggecggagaagggcgeag
ttgggatgaggggctgaggggagggcaggggagaggagagggcaggggagaggggagaggggag
agcaggagagaggggaaggcaggggagagggcgcggcgggatcaggggaggagagggaagggac
tttcecggggcggggcacgtggtgcacgggactttececgtgcacgtgcacgggactttecgggact
ttccgggactttcecgtgcaccacgtggggacttteccgtgcacgacattgattattgactagtta
ttaatagtaatcaattacggggtcattagttcatagcccatatatggagttceccgegttacataa
cttacggtaaatggccecgectggctgaccgcccaacgacccececgeccattgacgtcaataatga
cgtatgttcccatagtaacgccaatagggactttceccattgacgtcaatgggtggagtatttacg
gtaaactgcccacttggcagtacatcaagtgtatcatatgccaagtacgeccecctattgacgte
aatgacggtaaatggcccgcectggcattatgecccagtacatgaccttatgggactttcectactt
ggcagtacatctacgtattagtcatcgctattaccatggtgatgecggttttggcagtacatcaa
tgggcgtggatagcggtttgactcacggggatttccaagtcteccacecccattgacgtcaatggg
agtttgttttggcaccaaaatcaacgggactttccaaaatgtcgtaacaactccgceccceccattga
cgcaaatgggcggtaggcgtgtacggtgggaggtctatataagcagagctctgecttetceecte
ctgtgagtttggtaagtcgacgggccgggectgggececgggtecgggecgggtegttggateecee
actacagcccgatactcaagcttgacgaattcgagtatccaaggtagtggactagtgtgacget
gctgacccectttcectttcececcttcectgecaggttggtgtacagtagectteccaaattgattaattegag
cgaacgcgtcgccaccatgaactccttctecacaagegectteggtecagttgectteteectg
ggcctgctectggtgttgectgectgecttecectgecccagtcecttecacactecgaagatttegttg
gggactggcgacagacagccggctacaacctggaccaagtecttgaacagggaggtgtgtecag
tttgtttcagaatctcggggtgtcegtaactceccecgateccaaaggattgtecctgageggtgaaaat
gggctgaagatcgacatccatgtcatcatccegtatgaaggtctgagecggecgaccaaatgggec
agatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgca
ctatggcacactggtaatcgacggggttacgccgaacatgatcgactatttecggacggccgtat
gaaggcatcgccgtgttcgacggcaaaaagatcactgtaacagggacccectgtggaacggcaaca
aaattatcgacgagcgcctgatcaacccecgacggeteccecctgetgttecgagtaaccatcaacgg
agtgaccggctggcggctgtgcgaacgcattcectggeggctagegetactaacttcagectgetyg
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aagcaggctggagacgtggaggagaaccctggacctggaagcggagagggcagaggaagtctge
taacatgcggtgacgtcgaggagaatcctggacctggatccggaatggtgagcaagggcgagga
gctgttcaccggggtggtgcccatecctggtcgagetggacggcgacgtaaacggccacaagtte
agcgtgtccggcgagggcgagggcgatgccacctacggcaagectgaccectgaagttcatcetgea
ccaccggcaagctgccegtgecctggeccaccectegtgaccaccecctgacctacggegtgecagtyg
cttcagccgctaccececgaccacatgaagcagcacgacttcecttcaagtecgecatgecececgaagge
tacgtccaggagcgcaccatcttettcaaggacgacggcaactacaagaccecgcecgecgaggtga
agttcgagggcgacaccctggtgaaccgcatcgagectgaagggcatecgacttcaaggaggacgg
caacatcctggggcacaagctggagtacaactacaacagccacaacgtctatatcatggccgac
aagcagaagaacggcatcaaggtgaacttcaagatccgccacaacatcgaggacggcagegtge
agctcgccgaccactaccagcagaacaccceccatecggegacggeccegtgetgetgeeccgacaa
ccactacctgagcacccagtccgcecectgagcaaagaccccaacgagaagcgegatcacatggte
ctgctggagttcgtgaccgecgceccgggatcactctecggcatggacgagctgtacaagtaaaate
aacctctggattacaaaatttgtgaaagattgactggtattcttaactatgttgctccttttac
gctatgtggatacgctgctttaatgcctttgtatcatgctattgecttccecgtatggetttecatt
ttctcctecttgtataaatcctggttgetgtetetttatgaggagttgtggececgttgtecagge
aacgtggcgtggtgtgcactgtgtttgctgacgcaaccecccactggttggggcattgecaccac
ctgtcagctecctttececgggactttegettteccecteecctattgeccacggeggaactecategee
gcctgcecttgececgectgetggacaggggeteggetgttgggcactgacaattecegtggtgttgt
cggggaaatcatcgtecctttecttggctgetcecgectgtgttgecacctggattctgegecgggac
gtccttctgctacgtcceccttecggeecctcaatccageggaccttectteccecgeggectgectgeeg
gctctgcggcectettecegegtettegecttegeecctcagacgagtecggatectecectttgggecg
cctecceccecgegectegetttettgetgtceccaatttectattaaaggttectttgttecectaagteca
actactaaactgggggatattatgaagggccttgagcatctggattctgectaataaaaaacat
ttattttcattgcaagctcgctttecttgetgtccaatttctattaaaggttectttgttcececta
agtccaactactaaactgggggatattatgaagggccttgagcatctggattctgectaataaa
aaacatttattttcattgcaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaactcggaaggacatggtgtggaaagtccccaggctcecceccagcaggcagaagt
atgcaaagcatgcatctcaattagtcagcaaccaggtgtggaaagtccccaggctecccagecag
gcagaagtatgcaaagcatgcatctcaattagtcagcaaccaaattaaagtaacccataacttce
gtatagcatacattatacgaagttatgaagttcctattctctagaaagtataggaacttctagt
cacctatttcagcatactacgcgcgtagtatgctgaaataggtttatcagcacacaatagtcca
ttatacgcgcgtataatggcaattgtgtgectgattgggttactttaatttggatccgtegaceg
atgcccttgagagecttcaacccagtcagetecttecggtgggegeggggecatgactategteg
ccgcacttatgactgtcttetttatcatgcaactecgtaggacaggtgeccggcagegetcetteeg
cttcctcgectcactgactcecgetgegetcecggtegttecggctgeggcgagecggtatcagetcacte
aaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaa
ggccagcaaaaggccaggaaccgtaaaaaggccgegttgetggegtttttecataggecteegec
cccetgacgagcatcacaaaaatcgacgctcaagtcagaggtggecgaaacccgacaggactata
aagataccaggcgtttcceecctggaagectecctegtgegetcectectgttecgaceectgeecgett
accggatacctgtceccgectttcecteccttegggaagegtggegetttcectcatagetcacgetgta
ggtatctcagttcggtgtaggtcgttcgetccaagectgggectgtgtgcacgaacceccecgttca
gccecgaccgctgegecttatccggtaactatcgtettgagtccaaccecggtaagacacgactta
tcgccactggcagcagceccactggtaacaggattagcagagcgaggtatgtaggecggtgectacag
agttcttgaagtggtggcctaactacggctacactagaagaacagtatttggtatctgcecgectcet
gctgaagccagttaccttecggaaaaagagttggtagctcecttgateccggcaaacaaaccacecget
ggtagcggtggtttttttgtttgcaagcagcagattacgecgcagaaaaaaaggatctcaagaag
atcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggatttt
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ggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaa
tcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcac
ctatctcagcgatctgtctatttcgttcatccatagttgecctgacteeccecgtegtgtagataac
tacgatacgggagggcttaccatctggccccagtgectgcaatgataccgecgagacccacgctca
ccggctccagatttatcagcaataaaccagccagcecggaagggceccgagegcagaagtggtectg
caactttatccgcctceccatccagtctattaattgttgeccgggaagectagagtaagtagttegee
agttaatagtttgcgcaacgttgttgccattgctacaggcatcgtggtgtcacgetegtegttt
ggtatggcttcattcagctccggttcccaacgatcaaggcgagttacatgatccececatgttgt
gcaaaaaagcggttagctccttcggtcctecgategttgtcagaagtaagttggecegecagtgtt
atcactcatggttatggcagcactgcataattctcttactgtcatgccatccgtaagatgettt
tctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttget
cttgccecggegtcaatacgggataataccgecgccacatagcagaactttaaaagtgectcatceat
tggaaaacgttcttcggggcgaaaactctcaaggatcttacecgectgttgagatccagttegatyg
taacccactcgtgcacccaactgatcttcagcatcttttactttcaccagegtttectgggtgag
caaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttgaatact
catactcttcctttttcaatattattgaagcatttatcagggttattgtctcatgagecggatac
atatttgaatgtatttagaaaaataaacaaataggggttccgcgcacatttcceccgaaaagtge
cacctgacgcgccctgtageggegecattaagegeggegggtgtggtggttacgegecagegtgac
cgctacacttgccagcgccecctagegececgetcectttegetttetteecttectttetegecacy
ttcgececggectttcececeegtcaagctectaaatecgggggetceccctttagggtteccgatttagtgett
tacggcacctcgaccccaaaaaacttgattagggtgatggttcacgtagtgggccatecgecectg
atagacggtttttcgccctttgacgttggagtccacgttcectttaatagtggactcecttgttccaa
actggaacaacactcaaccctatctcecggtctattcettttgatttataagggattttgecgattt
cggcctattggttaaaaaatgagctgatttaacaaaaatttaacgcgaattttaacaaaatatt
aacgcttacaatttgccattcgccattcaggctgegcaactgttgggaagggcgatecggtgegg
gcctcttcecgctattacgccagcccaagctaccatgataagtaagtaatattaaggtacgtggag
gttttacttgctttaaaaaacctcccacacctcececcecctgaacctgaaacataaaatgaatgcaa
ttgttgttgttaacttgtttattgcagcttataatggttacaaataaagcaatagcatcacaaa
tttcacaaataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgta
tcttatggtactgtaactgagctaacataa

SEQ ID NO:31 $S*-E1-CMV-UTR1-SecNLuc-2A-eGFP-MAR-WPRE-3'UTR[2huBGpA-
A120]-SS*

cccgggaggtaccgagcetcecttacgegtgctagaattaaagtaacccaatcagcacacaattgece
attatacgcgcgtataatggactattgtgtgctgataaacctatttcagecatactacgcgegta
gtatgctgaaataggtgactagaagttcctatactttctagagaataggaacttcataacttecg
tataatgtatgctatacgaagttatgggttactttaatttggttgctgactaattgagatgcat
gctttgcatacttctgcctgctggggagectggggactttecacacctggttgctgactaattyg
agatgcatgctttgcatacttctgectgectggggagectggggactttccacacceectgggteg
acgggactttccggggceggggcacgtggtgcacgggactttcecegtgcacgtgcacgggacttte
cgggactttccgggactttececgtgecaccacgtggggactttecgtgecacgacattgattattga
ctagttattaatagtaatcaattacggggtcattagttcatagcccatatatggagttccgegt
tacataacttacggtaaatggcccgcectggctgaccgeccaacgaceccecececgeccattgacgtea
ataatgacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagt
atttacggtaaactgcccacttggcagtacatcaagtgtatcatatgccaagtacgccccecctat
tgacgtcaatgacggtaaatggcccecgecctggecattatgecccagtacatgaccttatgggacttt
cctacttggcagtacatctacgtattagtcatcgctattaccatggtgatgeggttttggecagt
acatcaatgggcgtggatagcggtttgactcacggggatttccaagtcteccacceccattgacgt
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caatgggagtttgttttggcaccaaaatcaacgggactttccaaaatgtcgtaacaactccgece
ccattgacgcaaatgggcggtaggcgtgtacggtgggaggtctatataagcagagetcetgectt
ctccetectgtgagtttggtaagtecgacgggceccgggectgggecgggtcecgggeecgggtegttyg
gatccccactacagcccgatactcaagettgacgaattcgagtatccaaggtagtggactagtg
tgacgctgctgacccecctttctttcececttcectgcaggttggtgtacagtagecttceccaaattgatta
attcgagcgaacgcgtcgecaccatgaactcecttetceccacaagegectteggteccagttgectt
ctcecectgggectgetectggtgttgectgetgecttecctgecccagtecttecacactegaagat
ttcgttggggactggcgacagacagccggctacaacctggaccaagtecttgaacagggaggtyg
tgtccagtttgtttcagaatctcggggtgteccgtaactccgatccaaaggattgtectgagegg
tgaaaatgggctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagecggegaccaa
atgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtga
tcctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttceggacyg
gccgtatgaaggcatcgecegtgttcecgacggcaaaaagatcactgtaacagggacecctgtggaac
ggcaacaaaattatcgacgagcgecctgatcaacceccgacggctcecectgetgtteccgagtaacca
tcaacggagtgaccggctggcggctgtgcgaacgcattctggecggectagegetactaacttecag
cctgctgaagcaggctggagacgtggaggagaaccctggacctggaagecggagagggcagagga
agtctgctaacatgcggtgacgtcgaggagaatcctggacctggatccggaatggtgagcaagg
gcgaggagctgttcaccggggtggtgceccecatcecectggtcgagetggacggegacgtaaacggeca
caagttcagcgtgtccggecgagggcgagggcgatgeccacctacggcaagctgaccctgaagtte
atctgcaccaccggcaagctgccegtgecectggeccaccctegtgaccacectgacctacggeg
tgcagtgcttcagcecgctaccccgaccacatgaagcagcacgacttecttcaagtccgecatgece
cgaaggctacgtccaggagcgcaccatcttcttcaaggacgacggcaactacaagacccgcgcece
gaggtgaagttcgagggcgacaccctggtgaaccgcatcgagectgaagggcatcgacttcaagg
aggacggcaacatcctggggcacaagctggagtacaactacaacagccacaacgtctatatcat
ggccgacaagcagaagaacggcatcaaggtgaacttcaagatccgecacaacatcgaggacggce
agcgtgcagctcgecgaccactaccagcagaacacccccatecggegacggecccgtgectgetge
ccgacaaccactacctgagcacccagtccgecctgagcaaagaccccaacgagaagegcgatcea
catggtcctgctggagttecgtgaccgecgecgggatcactctecggcatggacgagectgtacaag
taaggatcccattcteccttgatgtactaatttttctttaaaagtgataataatagcteccattt
agaatttttaaataacacaacaaatgtaaagtaactaatgtgtcctctggatcatggtaagtaa
tgaataaatttaactccctttaccttctecectttgetattttttccatgectaggatttatacat
ttttaaaaaactaaatctgctatcaaatgacagctttaaatttactttttaaaatttgttattg
tatatatttatggggtataaagtgatgttatgatatatatatacacaatgtacactgattaaat
caagccaattaacattttatcatctcaaatacttaacattttttgtagtgagaacatttgaaat
ttacttttagcaatttcaaaacatacattattattattaactatagtcaccatgatgtaccata
gatctttaaaaacttattcttcctgecctaactgaaactttgtactectttgactaacatctttte
attcccccacttcecceccagectctggtaatcaccattacacactcectgettctatgagttcaattge
tttagactccacgtaataaatgagatcatgcagcatttggctttctgtgecctggcttatceccttg
cttagcatggtgtcttacaggttcatccatgttgcaacaaataacagaatctcattctttgtta
aggctgaatactattccattgggtatatataccacattttccttatccattaatccactgatgg
acccttaggttgttgattccatatattggctattgtaaatagtgcagcaatgaacatgagagtg
caactatctcttcaatgtactgatttcgaatccttecggatctatctcagaagtgagattgecagg
atcatataattctacttttagtcttttgaggagctccatacagctttccatatggeccatactaa
ttacattctcatcaacagtgtacaatggtttccttttctccacatcctcaccaacatttataat
tttttgtctttttgataatagccatctgacaggtgtaaagtgatagctcattgcagttttaatt
tgcattttttgatgattagtaatgttgagaattttttcatatatctecttggccagttgecatgte
ttctttggaaaaatgtctattcagttcctttgcecccattttttaattgggatttttggtttettyg
ctattgagttgtttgaattcaatcaacctctggattacaaaatttgtgaaagattgactggtat
tcttaactatgttgctccttttacgctatgtggatacgctgetttaatgcctttgtatcatget
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attgcttccegtatggctttcattttctectecttgtataaatcectggttgetgtetetttatg
aggagttgtggccecgttgtcaggcaacgtggegtggtgtgcactgtgtttgectgacgcaaccce
cactggttggggcattgccaccacctgtcagctcecctttccgggactttcgetttccecectececet
attgccacggcggaactcatcgccgectgecttgececgectgetggacaggggeteggetgttgg
gcactgacaattccgtggtgttgtcggggaaatcatecgtecctttecttggetgetegectgtgt
tgccacctggattctgegegggacgtecttetgectacgtececectteggecctecaatccageggac
ctteccttecececgeggectgetgecggetetgeggectettececgegtettegecttegeecctecaga
cgagtcggatctccecctttgggccgectcceegegetegectttettgetgteccaatttectattaa
aggttcctttgttccctaagtccaactactaaactgggggatattatgaagggccttgageatce
tggattctgcctaataaaaaacatttattttcattgcaagctecgetttecttgetgtccaattte
tattaaaggttcctttgttcecctaagtccaactactaaactgggggatattatgaagggceccttg
agcatctggattctgcctaataaaaaacatttattttcattgcaaaaaaaaaaaaaaaaaaaaa
aaaaaasaaaasaaaasaaaasaaaasaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaasaaaaaaaaaaaaaaaaaaaaaaaaactcggaaggacatggtgtggaaagtcce
ccaggctcceccagcaggcagaagtatgcaaagcatgecatctcaattagtcagcaaccaggtgtg
gaaagtccccaggctccecccagcaggcagaagtatgcaaagecatgecatctcaattagtcagcaac
caaattaaagtaacccataacttcgtatagcatacattatacgaagttatgaagttcctattct
ctagaaagtataggaacttctagtcacctatttcagcatactacgecgecgtagtatgctgaaata
ggtttatcagcacacaatagtccattatacgcgegtataatggcaattgtgtgectgattgggtt
actttaatttggatccgtcgaccgatgcecttgagageccttcaacccagtcagectectteceggt
gggcgcggggcatgactatcecgtcgecgcacttatgactgtettectttatcatgcaactcecgtagg
acaggtgccggcagcgectcecttecgcettectegetcecactgactegetgegeteggtegttegget
gcggcgagcecggtatcagctcactcaaaggceggtaatacggttatccacagaatcaggggataac
gcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgegttge
tggcgtttttccataggctecgeccececcecctgacgagcatcacaaaaatcgacgctcaagtcagag
gtggcgaaacccgacaggactataaagataccaggcgtttecccecctggaagectececectegtgege
tctcectgttecgaccecctgeecgecttaccggatacctgtecgecttteteccttegggaagegtgg
cgctttctcatagectcacgctgtaggtatctcagttecggtgtaggtecgttegeteccaagetggg
ctgtgtgcacgaacccccegttcageccgaccgetgegecttatceggtaactategtettgag
tccaacccggtaagacacgacttatcgccactggcagcagecactggtaacaggattagcagag
cgaggtatgtaggcggtgctacagagttcttgaagtggtggectaactacggctacactagaag
aacagtatttggtatctgcgctctgctgaagccagttaccttcggaaaaagagttggtagetct
tgatccggcaaacaaaccaccgctggtageggtggtttttttgtttgcaagcagcagattacge
gcagaaaaaaaggatctcaagaagatcctttgatcttttcectacggggtctgacgectcagtggaa
cgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatcctt
ttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagtt
accaatgcttaatcagtgaggcacctatctcagecgatctgtctatttcgttcatccatagttge
ctgactcccegtcgtgtagataactacgatacgggagggcttaccatectggecccagtgectgea
atgataccgcgagacccacgctcaccggectccagatttatcagcaataaaccageccageccggaa
gggccgagcgcagaagtggtcctgcaactttatceccgectceccatceccagtectattaattgttgecg
ggaagctagagtaagtagttcgccagttaatagtttgcgcaacgttgttgecattgctacagge
atcgtggtgtcacgctcecgtegtttggtatggcttecattcagecteceggtteccaacgatcaagge
gagttacatgatcccccatgttgtgcaaaaaagecggttagetcecctteggtecteccgategttgt
cagaagtaagttggccgcagtgttatcactcatggttatggcagcactgcataattctcttact
gtcatgccatccgtaagatgcttttcectgtgactggtgagtactcaaccaagtcattctgagaat
agtgtatgcggcgaccgagttgctcttgcecccecggegtcaatacgggataataccgegceccacatag
cagaactttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatctta
ccgectgttgagatccagttecgatgtaacccactegtgcacccaactgatcecttcageatcectttta
ctttcaccagcgtttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggdaataag
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ggcgacacggaaatgttgaatactcatactcttecctttttcaatattattgaagcatttatcag
ggttattgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttc
cgcgcacatttcccecgaaaagtgceccacctgacgecgeectgtagecggegcattaagegeggeggg
tgtggtggttacgcgcagcgtgaccgctacacttgeccagegecctagegeccgectecttteget
ttcttecececttectttcectegecacgttegeecggettteeccegtcaagetectaaategggggetece
ctttagggttccgatttagtgctttacggcacctcgaccccaaaaaacttgattagggtgatgg
ttcacgtagtgggccatcgecctgatagacggtttttegecectttgacgttggagtecacgtte
tttaatagtggactcttgttccaaactggaacaacactcaaccctatctcggtctattcttttg
atttataagggattttgccgatttcggcctattggttaaaaaatgagctgatttaacaaaaatt
taacgcgaattttaacaaaatattaacgcttacaatttgccattcgecattcaggectgegecaac
tgttgggaagggcgatcggtgcgggcecctcecttegetattacgeccageccaagctaccatgataag
taagtaatattaaggtacgtggaggttttacttgctttaaaaaacctcccacaccteccecctga
acctgaaacataaaatgaatgcaattgttgttgttaacttgtttattgcagcttataatggtta
caaataaagcaatagcatcacaaatttcacaaataaagcatttttttcactgcattctagttgt
ggtttgtccaaactcatcaatgtatcttatggtactgtaactgagctaacataa

SEQ ID NO:32 SS*-UCOE-E1-CMV-UTR1-SecNLuc-2A-eGFP-MAR-WPRE-
3'UTR[2huBGpA-A120]-SS*

ccecgggaggtaccgagctcettacgegtgectagaattaaagtaacccaatcagecacacaattgece
attatacgcgcgtataatggactattgtgtgctgataaacctatttcagcatactacgcgegta
gtatgctgaaataggtgactagaagttcctatactttctagagaataggaacttcataacttcg
tataatgtatgctatacgaagttatgggttactttaatttggttgctgactaattgagatgcat
gctttgcatacttctgectgectggggagectggggactttceccacacctggttgetgactaattg
agatgcatgctttgcatacttctgectgetggggagectggggactttceccacaccectgggteg
acgcacacgaccacaattccactgaaagcattttaatacggaacttgtcactcccagggagect
ccgctcagceccggcagttggttcatttcaateccccacgacaacccttcaaagtgcagggcagaca
gcaggtggctctgecccaggegcecctggatcacageceggectgcageectcacctgggegegggg
agaccctgaggacgctcectceccaggcggegetggecggggectgeggacacggacgggegggetg
agctccgggaccccteccegegeceoccgcacceccgecaccocegecaccecgecacececcgecaccecggeg
ctcaccecgteccageccecgecgecegcagecccagetgcaacgcagecaccgecgecategeac
ccggecccecgegggegcettecgggacgcaggaggcatetgecatecggggegecgcectgagtececege
ccagagcccegccceccggcectecaggttcectgegageggectteegececgggctgetcecgegggegeg
tcggccatgagcgagttgececgggecgacgtgegggegtttctgegggagcaccecegagectgegge
tccagacggacgcccgcaaggttcecgcagecgegggaggggaacggagtggecggagaagggcgeag
ttgggatgaggggctgaggggagggcaggggagaggagagggcaggggagaggggagaggggag
agcaggagagaggggaaggcaggggagagggcgcggcgggatcaggggaggagagggaagggac
tttcecggggcggggcacgtggtgcacgggactttececgtgcacgtgcacgggactttecgggact
ttccgggactttcecgtgcaccacgtggggacttteccgtgcacgacattgattattgactagtta
ttaatagtaatcaattacggggtcattagttcatagcccatatatggagttceccgegttacataa
cttacggtaaatggccecgectggctgaccgcccaacgacccececgeccattgacgtcaataatga
cgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagtatttacyg
gtaaactgcccacttggcagtacatcaagtgtatcatatgccaagtacgecccecctattgacgte
aatgacggtaaatggcccgcectggcattatgecccagtacatgaccttatgggactttcecctactt
ggcagtacatctacgtattagtcatcgctattaccatggtgatgecggttttggcagtacatcaa
tgggcgtggatagcggtttgactcacggggatttccaagtcteccacecccattgacgtcaatggg
agtttgttttggcaccaaaatcaacgggactttccaaaatgtcgtaacaactccgcecceccattga
cgcaaatgggcggtaggcgtgtacggtgggaggtctatataagcagagctctgecttetceccte

ctgtgagtttggtaagtcgacgggccgggectgggcecgggteccgggeegggtegttggateccee
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actacagcccgatactcaagcttgacgaattcgagtatccaaggtagtggactagtgtgacget
gctgacccctttetttececttetgecaggttggtgtacagtagectteccaaattgattaattegag
cgaacgcgtcgccaccatgaactccttctecacaagegecctteggtecagttgectteteectyg
ggcctgctectggtgttgectgectgecttecccectgecccagtcecttecacactcgaagatttegttg
gggactggcgacagacagccggctacaacctggaccaagtceccttgaacagggaggtgtgtceccag
tttgtttcagaatctcggggtgtcegtaactceccgateccaaaggattgtecctgageggtgaaaat
gggctgaagatcgacatccatgtcatcatccecgtatgaaggtctgagecggecgaccaaatgggece
agatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgca
ctatggcacactggtaatcgacggggttacgccgaacatgatcgactatttecggacggccgtat
gaaggcatcgccgtgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaaca
aaattatcgacgagcgcctgatcaaccccgacggcectcecectgetgttecgagtaaccatcaacgg
agtgaccggctggcggctgtgcgaacgcattcectggeggctagegetactaacttcagectgetg
aagcaggctggagacgtggaggagaaccctggacctggaagcggagagggcagaggaagtcetge
taacatgcggtgacgtcgaggagaatcctggacctggatccggaatggtgagcaagggcgagga
gctgttcaccggggtggtgcccatecctggtcgagetggacggcgacgtaaacggccacaagtte
agcgtgtccggcgagggcgagggcgatgceccacctacggcaagectgaccectgaagttcatetgea
ccaccggcaagctgccegtgecctggeccacectegtgaccaccctgacctacggegtgecagtyg
cttcagccgctaccececgaccacatgaagcagcacgacttcecttcaagtecgecatgecececgaagge
tacgtccaggagcgcaccatcttettcaaggacgacggcaactacaagaccecgcecgecgaggtga
agttcgagggcgacaccctggtgaaccgcatcgagectgaagggcatecgacttcaaggaggacgg
caacatcctggggcacaagctggagtacaactacaacagccacaacgtctatatcatggccgac
aagcagaagaacggcatcaaggtgaacttcaagatccgceccacaacatcgaggacggcagegtge
agctcgccgaccactaccagcagaacacccccatecggegacggeecegtgetgetgeeccgacaa
ccactacctgagcacccagtccgceccectgagcaaagaccccaacgagaagcgegatcacatggte
ctgctggagttcecgtgaccgecgceccgggatcactctecggcatggacgagctgtacaagtaaggat
cccattctceccttgatgtactaatttttctttaaaagtgataataatagctcccatttagaattt
ttaaataacacaacaaatgtaaagtaactaatgtgtcctctggatcatggtaagtaatgaataa
atttaactccctttaccttctececctttgctattttttccatgectaggatttatacatttttaaa
aaactaaatctgctatcaaatgacagctttaaatttactttttaaaatttgttattgtatatat
ttatggggtataaagtgatgttatgatatatatatacacaatgtacactgattaaatcaagcca
attaacattttatcatctcaaatacttaacattttttgtagtgagaacatttgaaatttacttt
tagcaatttcaaaacatacattattattattaactatagtcaccatgatgtaccatagatcttt
aaaaacttattcttcctgectaactgaaactttgtactctttgactaacatcttttcattecce
cacttcccagcecctcectggtaatcaccattacacactcectgcecttcectatgagttcaattgetttagac
tccacgtaataaatgagatcatgcagcatttggctttcectgtgectggettatecttgettagea
tggtgtcttacaggttcatccatgttgcaacaaataacagaatctcattctttgttaaggetga
atactattccattgggtatatataccacattttcecttatccattaatccactgatggaccetta
ggttgttgattccatatattggctattgtaaatagtgcagcaatgaacatgagagtgcaactat
ctcttcaatgtactgatttcgaatccttcggatctatctcagaagtgagattgcaggatcatat
aattctacttttagtcttttgaggagctccatacagctttccatatggccatactaattacatt
ctcatcaacagtgtacaatggtttccttttctccacatcctcaccaacatttataattttttgt
ctttttgataatagccatctgacaggtgtaaagtgatagctcattgcagttttaatttgcattt
tttgatgattagtaatgttgagaattttttcatatatctcttggccagttgcatgtecttctttg
gaaaaatgtctattcagttcctttgcccattttttaattgggatttttggtttcttgctattga
gttgtttgaattcaatcaacctctggattacaaaatttgtgaaagattgactggtattcttaac
tatgttgctccttttacgctatgtggatacgetgectttaatgectttgtatcatgectattgett
cccgtatggetttecattttetectecttgtataaatectggttgetgtectetttatgaggagtt
gtggcccecgttgtcaggcaacgtggecgtggtgtgecactgtgtttgetgacgcaacceccactggt
tggggcattgccaccacctgtcagectcecctttcecgggactttegcttteccectcecectattgeca
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cggcggaactcatcecgeccgectgecttgecegetgetggacaggggeteggetgttgggcactga
caattccgtggtgttgtcggggaaatcatcgtectttecttggectgetegectgtgttgecace
tggattctgcgcgggacgtecttctgctacgtcecctteggecectcaatccageggacecttectt
cccgceggectgetgececggetcectgeggectetteecgegtettegecttegecctcagacgagteg
gatctccctttgggccecgectcecccegegetegetttettgetgtceccaatttcetattaaaggttee
tttgttccctaagtccaactactaaactgggggatattatgaagggecttgagcatctggatte
tgcctaataaaaaacatttattttcattgcaagctcgcetttettgetgtccaatttectattaaa
ggttcctttgttcectaagtccaactactaaactgggggatattatgaagggccttgagecatct
ggattctgcctaataaaaaacatttattttcattgcaaaaaaaaaaaaaaaaaaaaaaaaaaaa
adaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
daaaaaaaaaaaaaaaaaaaaaaaaaaaaactcggaaggacatggtgtggaaagtccccagget
ccccagcaggcagaagtatgcaaagcatgecatctcaattagtcagcaaccaggtgtggaaagte
cccaggctcececccagcaggcagaagtatgcaaagcatgcatctcaattagtcagcaaccaaatta
aagtaacccataacttcgtatagcatacattatacgaagttatgaagttcctattctctagaaa
gtataggaacttctagtcacctatttcagcatactacgcgecgtagtatgctgaaataggtttat
cagcacacaatagtccattatacgcgcgtataatggcaattgtgtgctgattgggttactttaa
tttggatccgtcgaccgatgeccttgagagecttcaacccagtcagcectecttecggtgggegeg
gggcatgactatcgtcgcecgcacttatgactgtecttetttatcatgcaactegtaggacaggtyg
ccggcagcegcetcettecgettectegetcactgactegetgegeteggtegtteggetgeggega
gcggtatcagctcactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaa
agaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgegttgectggegtt
tttccataggctcececgececceccecctgacgagcatcacaaaaatcgacgectcaagtcagaggtggega
aacccgacaggactataaagataccaggcgtttcecccectggaageteccecctegtgegetcectectg
ttcecgaccectgecgettacecggatacctgteecgecttteteecttegggaagegtggegettte
tcatagctcacgctgtaggtatctcagtteggtgtaggtecgttegetceccaagetgggetgtgtyg
cacgaaccccecgttcageccgaccgctgegecttateccggtaactatcgtettgagtccaacce
cggtaagacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggta
tgtaggcggtgctacagagttcttgaagtggtggcctaactacggctacactagaagaacagta
tttggtatctgcgectctgectgaageccagttaccttecggaaaaagagttggtagectettgateeg
gcaaacaaaccaccgctggtagecggtggtttttttgtttgcaagcagcagattacgcgcagaaa
aaaaggatctcaagaagatcctttgatcttttctacggggtctgacgctcagtggaacgaaaac
tcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaatt
aaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatg
cttaatcagtgaggcacctatctcagcgatctgtctatttecgttcatccatagttgectgacte
cccecgtegtgtagataactacgatacgggagggcttaccatctggccecagtgetgcaatgatac
cgcgagacccacgctcaccggctceccagatttatcagecaataaaccagccagecggaagggecga
gcgcagaagtggtcecctgcaactttatccgectceccatccagtctattaattgttgeegggaaget
agagtaagtagttcgccagttaatagtttgcgcaacgttgttgccattgctacaggecatcgtgg
tgtcacgctcgtcgtttggtatggecttcattcagctecggtteccaacgatcaaggecgagttac
atgatcccccatgttgtgcaaaaaagecggttagcectceccttcecggtectecgategttgtcagaagt
aagttggccgcagtgttatcactcatggttatggcagcactgcataattctcecttactgtcatge
catccgtaagatgcecttttcectgtgactggtgagtactcaaccaagtcattctgagaatagtgtat
gcggcgaccgagttgctcttgcceggecgtcaatacgggataatacecgegecacatagcagaact
ttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgetgt
tgagatccagttcgatgtaacccactcgtgcacccaactgatcttcagecatcttttactttceac
cagcgtttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgaca
cggaaatgttgaatactcatactcttcctttttcaatattattgaagcatttatcagggttatt
gtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgecgecac
atttccccgaaaagtgccacctgacgcgeectgtageggegecattaagecgeggegggtgtggtyg



WO 2022/264095 PCT/1B2022/055620
124 -

gttacgcgcagcgtgaccgctacacttgecagegecctagegecegcetectttegetttettee
cttecctttetegeccacgttegecggettteccegtcaagetectaaatecgggggcteectttagg
gttccgatttagtgctttacggcacctcgaccccaaaaaacttgattagggtgatggttcacgt
agtgggccatcgccctgatagacggtttttcecgeecctttgacgttggagtccacgttcectttaata
gtggactcttgttccaaactggaacaacactcaaccctatctecggtctattcttttgatttata
agggattttgccgatttcggcctattggttaaaaaatgagctgatttaacaaaaatttaacgeg
aattttaacaaaatattaacgcttacaatttgccattcgeccattcaggctgegcaactgttggg
aagggcgatcggtgcgggectcttegctattacgeccageccaagectaccatgataagtaagtaa
tattaaggtacgtggaggttttacttgctttaaaaaacctcccacacctcceectgaacctgaa
acataaaatgaatgcaattgttgttgttaacttgtttattgcagcttataatggttacaaataa
agcaatagcatcacaaatttcacaaataaagcatttttttcactgcattctagttgtggtttgt
ccaaactcatcaatgtatcttatggtactgtaactgagctaacataa

SEQ ID NO:33 (Super Sequence, SS*)

taaagtaacccaatcagcacacaattgccattatacgecgcgtataatggactattgtgtgctgat
aaacctatttcagcatactacgcgcgtagtatgctgaaataggtgactagaagttectatacttt
ctagagaataggaacttcataacttcgtataatgtatgctatacgaagttatgggttactttaat
ttggttgctgactaattgagatgcatgctttgcatacttctgectgetggggagectggggactt
tccacacctggttgctgactaattgagatgcatgectttgcatacttetgectgectggggagectyg
gggactttccacacc

SEQ ID NO:34 pGL2-CAG-SecNLuc-2A-eGFP-WPRE-bGlobin polyA

cccgggaggtaccgagcetcettacgegtgcectagectgggtecgacattgattattgactagttatta
atagtaatcaattacggggtcattagttcatagcccatatatggagttccgegttacataactta
cggtaaatggcccgectggectgaccgceccaacgacceccgeccattgacgtcaataatgacgtat
gttcccatagtaacgccaatagggactttceccattgacgtcaatgggtggagtatttacggtaaac
tgcccacttggcagtacatcaagtgtatcatatgccaagtacgcccectattgacgtcaatgacg
gtaaatggcccgectggcattatgcccagtacatgaccttatgggactttcectacttggecagtac
atctacgtattagtcatcgctattaccatggtcgaggtgagccccacgttcectgecttcactctcecee
catctcceccecccecectececccacceccaattttgtatttatttattttttaattattttgtgecagega
£99999cg9g9g9999999gggggcgcgcgccagygcggggcggggcggggcgaggggcgggacggggc
gaggcggaaaggtgcggcggcagceccaatcagageggcgegcetceccgaaagtttecttttatggega
ggcggcggceggcggceggccectataaaaagecgaagegcecgeggcegggegggagtegetgegttgect
tcgeccececgtgeccecegetcececgegecgectegegeecgececgececcggetetgactgacecgegttact
cccacaggtgagcgggcgggacggcccttetectecgggetgtaattagegettggtttaatgac
ggctecgtttettttetgtggctgegtgaaagecttaaagggctececgggagggecectttgtgeggg
ggggagcggctcggggggtgcgtgegtgtgtgtgtgecgtggggagcgecgegtgeggecteccgege
tgccecggeggcetgtgagecgetgegggegeggcegeggggcetttgtgegetecgecagtgtgegegag
gggagcgcggccgggggcggtgceccccgeggtgeggggggggctgcgaggggaacaaaggctgegt
gcggggtgtgtgcgtgggggggtgagcagggggtgtgggcgcggecggtegggetgtaacceecce
ctgcaccceccececcteccecgagttgetgagecacggececcggettecgggtgeggggetecegtacggggeg
tggcgcggggctcgecgtgecgggeggggggtggcggcaggtgggggtgeccgggeggggcggggce
cgcctcgggceccggggagggctcgggggaggggcgecggcggcocccecggagegecggeggetgtega
ggcgcggcgagccgcagccattgecttttatggtaatcgtgecgagagggcgcagggacttecttt
gtcccaaatctgtgcggageccgaaatctgggaggegceccgeecgcaceccecctetagegggegegggg
cgaagcggtgcggcecgceccggcaggaaggaaatgggeggggagggecttegtgegtegecgegecge
cgtceccecttetececctetceccagecteggggetgtecgeggggggacggcectgecttegggggggacy
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gggcagggcggggttcecggettcectggegtgtgacecggeggetctagagectectgectaaccatgtte
atgccttecttcetttttectacagetecctgggcaacgtgetggttattgtgetgtetcatecatttt
ggcaaagaattgattaattcgagcgaacgcgtcgecaccatgaactecttectccacaagegectt
cggtccagttgceccttctcececctgggectgectectggtgttgectgetgectteecctgecccagtet
tcacactcgaagatttecgttggggactggcgacagacageccggctacaacctggaccaagtectt
gaacagggaggtgtgtccagtttgtttcagaatctecggggtgtcegtaactceccgatccaaaggat
tgtcctgagecggtgaaaatgggctgaagatcgacatccatgtcatcatccecgtatgaaggtcectga
gcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcac
tttaaggtgatcctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgacta
tttcggacggccgtatgaaggcatcgecgtgttcgacggcaaaaagatcactgtaacagggaccce
tgtggaacggcaacaaaattatcgacgagcgectgatcaaccececgacggcectcececctgetgttecga
gtaaccatcaacggagtgaccggctggcggctgtgecgaacgcattectggeggctagegctactaa
cttcagcctgctgaagcaggctggagacgtggaggagaaccctggacctggaagcggagagggca
gaggaagtctgctaacatgcggtgacgtcgaggagaatcctggacctggatceccggaatggtgage
aagggcgaggagctgttcaccggggtggtgcccatcecctggtcgagetggacggcgacgtaaacgg
ccacaagttcagcgtgtccggcgagggcgagggcegatgceccacctacggcaagetgacccectgaagt
tcatctgcaccaccggcaagectgceccecgtgecctggeccaccectegtgaccacecctgacctacgge
gtgcagtgcttcagccgctacccegaccacatgaagcagcacgacttcecttcaagtecgecatgece
cgaaggctacgtccaggagcgcaccatcttcttcaaggacgacggcaactacaagacccgegecyg
aggtgaagttcgagggcgacaccctggtgaaccgcatcgagctgaagggcatcgacttcaaggag
gacggcaacatcctggggcacaagctggagtacaactacaacagccacaacgtctatatcatgge
cgacaagcagaagaacggcatcaaggtgaacttcaagatccgceccacaacatcgaggacggcagceg
tgcagctcgeccgaccactaccagcagaacacccecatecggecgacggeccegtgetgetgeccgac
aaccactacctgagcacccagtcegeccctgagcaaagaccccaacgagaagcgcecgatcacatggt
cctgectggagttegtgaccgecgecgggatcacteteggcatggacgagetgtacaagtaagegg
ccgcactcctcaggtgcaggctgcecctatcagaaggtggtggetggtgtggccaatgecectggetce
acaaataccactgagatctttttccctctgccaaaaattatggggacatcatgaagccccttgag
catctgacttctggctaataaaggaaatttattttcattgcaatagtgtgttggaattttttgtyg
tctectcactecggaaggacattggatececgtegaccgatgeccttgagagecttcaaccecagtcecage
tcectteecggtgggegeggggcatgactategtegecgecacttatgactgtettetttatcatgea
actcgtaggacaggtgccggcagegctcecttececgettectegetcactgactegetgegeteggte
gttcggctgcggcgagcggtatcagctcactcaaaggcggtaatacggttatccacagaatcagg
ggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggcecg
cgttgctggegttttteccataggctceegecccececctgacgagecatcacaaaaatcgacgectcaagt
cagaggtggcgaaacccgacaggactataaagataccaggcgtttceececctggaagetecectegt
gcgctcectectgttecgacectgeegettaccggatacctgteegecttteteccttegggaageg
tggcgctttctcatagctcacgctgtaggtatctcagttcggtgtaggtcgttcgetecaagetyg
ggctgtgtgcacgaacccececgttcageecgacegetgegecttatcecggtaactatecgtettga
gtccaaccecggtaagacacgacttatcgecactggcagcagccactggtaacaggattagecagag
cgaggtatgtaggcggtgctacagagttcttgaagtggtggecctaactacggctacactagaaga
acagtatttggtatctgcgctctgctgaagccagttaccttecggaaaaagagttggtagetettg
atccggcaaacaaaccaccgctggtageggtggtttttttgtttgcaagecagcagattacgegea
gaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctgacgctcagtggaacgaa
aactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaa
ttaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaat
gcttaatcagtgaggcacctatctcagecgatctgtctatttecgttcatccatagttgectgacte
ccegtegtgtagataactacgatacgggagggcttaccatctggececcagtgetgcaatgatacce
gcgagacccacgctcaccggctceccagatttatcagcaataaaccagccagecggaagggecgage
gcagaagtggtcctgcaactttatccgcctccateccagtctattaattgttgeccgggaagetaga
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gtaagtagttcgccagttaatagtttgcgcaacgttgttgecattgctacaggcategtggtgte
acgctcegtegtttggtatggcttcattcagctececggttececcaacgatcaaggecgagttacatgat
ccceccatgttgtgcaaaaaagcggttagectecttecggtcectecgategttgtcagaagtaagttyg
gccgcagtgttatcactcatggttatggcagcactgcataattctcttactgtcatgecatcecegt
aagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggecgac
cgagttgctcttgcececggegtcaatacgggataataccgcgecacatagcagaactttaaaagtg
ctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgetgttgagatecag
ttcgatgtaacccactcgtgcacccaactgatcttcagcatcttttactttcaccagegtttetg
ggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttga
atactcatactcttcctttttcaatattattgaagcatttatcagggttattgtctcatgagegg
atacatatttgaatgtatttagaaaaataaacaaataggggttccgecgcacatttcecceccgaaaag
tgccacctgacgcgeccecctgtageggegcattaagecgeggegggtgtggtggttacgegecagegtyg
accgctacacttgeccagecgecctagecgececgcetectttegetttetteecttectttectegecac
gttcgccggectttecccgtcaagetctaaatcgggggcteectttagggttecgatttagtgett
tacggcacctcgaccccaaaaaacttgattagggtgatggttcacgtagtgggccategcecctga
tagacggtttttcgccctttgacgttggagtccacgttctttaatagtggactcttgttceccaaac
tggaacaacactcaaccctatctcggtctattcttttgatttataagggattttgeccgatttcecgg
cctattggttaaaaaatgagctgatttaacaaaaatttaacgcgaattttaacaaaatattaacg
cttacaatttgccattcgeccattcaggctgegcaactgttgggaagggcgateggtgegggecte
ttcgctattacgccagcccaagctaccatgataagtaagtaatattaaggtacgtggaggtttta
cttgctttaaaaaacctcccacacctcecccectgaacctgaaacataaaatgaatgcaattgttgt
tgttaacttgtttattgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaa
ataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatcttatggt
actgtaactgagctaacataa

SEQ ID NO:35 CAG [E1X3+CBA promoter+intron]

gggactttccggggcggggcacgtggtgcacgggacttteegtgecacgtgecacgggactttecgg
gactttccgggactttceccgtgcaccacgtggggacttteccgtgcacgggactttcececggggegggg

cacgtggtgcacgggactttccgtgcacgtgcacgggactttececgggactttecgggactttceeg
tgcaccacgtggggactttcegtgecacgggactttceceggggeggggcacgtggtgcacgggactt
tcecgtgcacgtgcacgggactttcececgggacttteccgggacttteecgtgcaccacgtggggacttt
ccgtgcacgtecgaggtgagecccacgttcectgettcactcteceeccatcteccecceccctecccaccec
ccaattttgtatttatttattttttaattattttgtgcagcgatgggggcggggggggggggggc
gcgcgccaggceggggcggggcggggcgaggggeggggcggggcgaggecggaaaggtgeggeggea
gccaatcagagcggcgcgectceccgaaagtttecttttatggecgaggecggecggeggeggeggeccta
taaaaagcgaagcgcgcggcgggcegggagtegetgegttgecttegececegtgececegeteegeg
ccgectegegecgeccgeccecceggetcectgactgaccgegttacteccacaggtgagegggegggac
ggcccttctectcecegggectgtaattagecgettggtttaatgacggetegtttcecttttctgtgget

gcgtgaaagccttaaagggctccgggagggccctttgtgegggggggageggetcggggggtgeyg
tgcgtgtgtgtgtgcgtggggagcgeccgcegtgceggcectecgegetgeeccggeggetgtgagegetyg
cgggcgcggcgceggggctttgtgegetecgecagtgtgecgegaggggagcgcggecgggggcggty
ccccgeggtgceggggggggctgcgaggggaacaaaggectgegtgeggggtgtgtgegtggggggy
tgagcagggggtgtgggcgcggcggtcgggctgtaaccccececectgecaccececcteececcgagttyg
ctgagcacggcccggettecgggtgeggggetcecegtacggggegtggegecggggctegecgtgecg
ggcggggggtggcggcaggtgggggtgccgggecggggcggggccgectecgggecggggagggcete
gggggaggggcgcggcggcccccggagegecggcggctgtcgaggcgeggcgagecgeagecatt
gcecttttatggtaatcgtgcgagagggcgcagggacttectttgteccaaatectgtgeggagecg
aaatctgggaggcgccgceccgcacccecctetagegggcegeggggcgaageggtgeggegecggeag
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gaaggaaatgggcggggagggccttcgtgegtecgecgegecgeecgtecectteteecctectecage

ctcggggctgtccgeggggggacggctgeccttcgggggggacggggcagggcecggggtteggette
tggcgtgtgaccggcggctctagagectectgetaaccatgttecatgecttettetttttectaca

9
SEQ ID NO:36 CAG [E2+CBA promoter-+intron]

tgggactttccactagacatgacacagcaatctgatatgcttgecgtgagaagaggattcatatcce
tgggactttccacagattttaccggaagttgttagatgcttgegtgagaagatctaacatgacac
agcaatccttagtgggactttccaagtatgtggggcggggagtatacatgacacagcaattgatc
attaccggaagtttataggtgggactttccagacctatgecttgecgtgagaagaaaggtctgggac
tttccagtcgaggtgagccccacgttetgettcactctcececcecatecteccececectecccaccecece
aattttgtatttatttattttttaattattttgtgcagcgatgggggcggggggggggggggcge
gcgccaggeggggcggggcggggcgaggggcggggcggggcgaggcggaaaggtgecggecggcage
caatcagagcggcgcgctceccgaaagtttecttttatggcgaggecggeggeggeggeggcecctata
aaaagcgaagcgcgcggcgggcgggagtegctgegttgecttegecececgtgeccegetececgegece
gcctcgcecgecgcecegcecceggcectetgactgaccgegttactecccacaggtgagecgggegggacgg
cccttetectececgggetgtaattagegettggtttaatgacggetegtttettttectgtggetge
gtgaaagccttaaagggctccgggagggccctttgtgecgggggggageggctecggggggtgegtyg
cgtgtgtgtgtgcgtggggagcgecgegtgeggcteegegetgececggeggetgtgagegetgeg
ggcgcggcgcggggctttgtgegectceccgcagtgtgcgegaggggagecgcggecgggggcggtgec
ccgcggtgcggggggggctgcgaggggaacaaaggctgcgtgecggggtgtgtgegtgggggggtyg
agcagggggtgtgggcgcggcggtcgggctgtaacccecceccecceccctgecacccececctecceccgagttget
gagcacggcccggcttcegggtgcggggectcecgtacggggegtggegeggggetcgecgtgecggg
cggggggtggcggcaggtgggggtgccgggecggggcggggecgectecgggeccggggagggctecgg
gggaggggcgcggcggcccccggagcecgecggceggetgtcgaggegeggecgagecgecagecattge
cttttatggtaatcgtgcgagagggcgcagggacttectttgtcecccaaatctgtgeggagecgaa
atctgggaggcgcecgccgecacccectctagecgggegeggggcgaagecggtgeggegecggeagga
aggaaatgggcggggagggccttcecgtgegtcecgeccgegecgecgtececttetecctcecteccagect

cggggctgtccgcggggggacggctgcecttcgggggggacggggcagggeggggttecggettetyg
gcgtgtgaccggcggctctagagcectcectgectaaccatgttcatgecttettetttttectacag

SEQ ID NO:37 CAG [E1X3+CBA promoter+UTR1]

gggactttccggggcggggcacgtggtgcacgggacttteegtgecacgtgecacgggactttecgg
gactttccgggactttceccgtgcaccacgtggggacttteccgtgcacgggactttceccggggegggg

cacgtggtgcacgggactttccgtgcacgtgcacgggactttcececgggactttecgggacttteeg
tgcaccacgtggggactttcegtgcacgggactttcececggggeggggcacgtggtgcacgggactt
tcecgtgcacgtgcacgggactttcececgggacttteccgggacttteecgtgcaccacgtggggacttt
ccgtgcacgtecgaggtgagecccacgttetgettcactcecteeccatetecceceecectecccaccee
ccaattttgtatttatttattttttaattattttgtgcagcgatgggggcggggggggggggggc
gcgcgccaggcggggcggggcggggcgaggggeggggcggggcgaggecggaaaggtgeggeggea
gccaatcagagcggcgegcetceccgaaagtttecttttatggecgaggecggeggeggeggeggeccta
taaaaagcgaagcgcgcggegggcegcetgecttcecteecctectgtgagtttggtaagtecgacgggece
gggcctgggccgggtcececgggcecgggtegttggatecccactacageccgatactcaagettgacy
aattcgagtatccaaggtagtggactagtgtgacgctgctgaccecectttectttececettcectgcagyg
ttggtgtacagtagcttccaaattgattaattcgagcgaacgegtce
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SEQ ID NO:38 CAG [E2 (U100)+CBA promoter+UTR1]

Tgggactttccactagacatgacacagcaatctgatatgecttgecgtgagaagaggattcatatce
tgggactttccacagattttaccggaagttgttagatgcttgegtgagaagatctaacatgacac
agcaatccttagtgggactttccaagtatgtggggcggggagtatacatgacacagcaattgatce
attaccggaagtttataggtgggactttccagacctatgcttgecgtgagaagaaaggtctgggac
tttccagtcgaggtgagccccacgttetgettcactctcececcecatectecececececteccecacceece
aattttgtatttatttattttttaattattttgtgcagcgatgggggcggggggggggggggcgce
gcgccaggcggggcggggcggggcgaggggcggggcggggcgaggcggaaaggtgeggecggcage
caatcagagcggcgecgctceccgaaagtttecttttatggcgaggcggeggecggeggeggecctata
aaaagcgaagcgcgcggcgggegetgecttcecteectectgtgagtttggtaagtcgacgggeecgg
gcctgggcececgggtcececgggecgggtegttggatceccecccactacagceccgatactcaagcttgacgaa
ttcgagtatccaaggtagtggactagtgtgacgctgectgaccectttettteecttetgecaggtt
ggtgtacagtagcttccaaattgattaattcgagcgaacgegtce

SEQ ID NO:39 CMYV enhancer-EF1-UTR1

Gacattgattattgactagttattaatagtaatcaattacggggtcattagttcatagcccatat
atggagttccgcgttacataacttacggtaaatggcccecgecctggectgaccgeccaacgacccececg
cccattgacgtcaataatgacgtatgttcccatagtaacgccaatagggactttceccattgacgte
aatgggtggagtatttacggtaaactgcccacttggcagtacatcaagtgtatcatatgccaagt
acgccccctattgacgtcaatgacggtaaatggececgectggcattatgeccagtacatgacctt
atgggactttcctacttggcagtacatctacgtattagtcatcgectattaccatggggcagagceg
cacatcgcccacagtcceccecgagaagttggggggaggggtcecggcaattgaaccggtgectagagaa
ggtggcgcggggtaaactgggaaagtgatgtcgtgtactggctcecgecttttteccgagggtggg
ggagaaccdgtatataagtgcagtagtcgecgtgaacgttetttttegcaacgggtttgecegecag
aacacagctgccttctcececctectgtgagtttggtaagtcgacgggecgggectgggeecgggtecg
ggccgggtegttggatcceccactacagccegatactcaagettgacgaattcgagtatccaaggt
agtggactagtgtgacgctgctgacccctttcttteccttetgcaggttggtgtacagtagettce
caaattgattaattcgagcgaacgcgtce

SEQ ID NO:40 4-1 pGL2-SS*-CAG [CMYV enhancer+CBA Promoter+intron]-SecNLuc-2A-
eGFP-WPRE-3"UTR(108 to 120 polyA)-SS*

ccecgggaggtaccgagctettacgegtgectagaattaaagtaacccaatcagcacacaattgeca
ttatacgcgcgtataatggactattgtgtgctgataaacctatttcagcatactacgegcgtagt
atgctgaaataggtgactagaagttcctatactttctagagaataggaacttcataacttcgtat
aatgtatgctatacgaagttatgggttactttaatttggttgctgactaattgagatgcatgctt
tgcatacttctgcecctgetggggagectggggactttccacacctggttgectgactaattgagatyg
catgctttgcatacttctgectgetggggagectggggactttceccacaccecectgggtegacgaca
ttgattattgactagttattaatagtaatcaattacggggtcattagttcatagcccatatatgg
agttccgcgttacataacttacggtaaatggccegectggectgacecgecccaacgacccccgecca
ttgacgtcaataatgacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatyg
ggtggagtatttacggtaaactgcccacttggcagtacatcaagtgtatcatatgccaagtacge
cccecctattgacgtcaatgacggtaaatggeccecgectggcattatgeeccagtacatgaccttatgg
gactttcctacttggcagtacatctacgtattagtcatcgectattaccatggtcgaggtgagece
cacgttctgcttcactctcceccatctcecceceecccteeccacceccaattttgtatttatttattt
tttaattattttgtgcagcgatgggggcgggggggaggggggcgcgcgccaggcggggcggggcy
gggcgaggggcggggcggggcgaggcggaaaggtgcggcggcagccaatcagagcggegegcetec
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gaaadgtttccttttatggcgaggcecggcggecggeggcecggecctataaaaagecgaagegegeggegg
gcgggagtcecgctgegttgecttegeccegtgeceecgectecgegecgectegegecgeccgecccg
gctctgactgaccgecgttactcccacaggtgagegggecgggacggeccttetectecgggetgta
attagcgcttggtttaatgacggctcecgtttcttttctgtggctgegtgaaagecttaaagggcectce
cgggagggccctttgtgcgggggggagcggcteggggggtgegtgegtgtgtgtgtgegtgggga
gcgececgegtgeggetecgegetgececggeggetgtgagegetgegggegeggegeggggetttgt
gcgctceecgecagtgtgcgcgaggggagcgcggccgggggcggtgecccegeggtgeggggggggcty
cgaggggaacaaaggctgcgtgcggggtgtgtgcgtgggggggtgagcagggggtgtgggcgegg
cggtcgggctgtaacccccecectgecaccceceecteccegagttgectgagcacggccecggcectteggg
tgcggggctccgtacggggecgtggecgeggggctecgecegtgececgggeggggggtggecggecaggtgy
gggtgccgggcggggcggggccgectegggecggggagggctecgggggaggggecgeggcggceccce
cggagcgccggcggctgtecgaggegeggecgagcecgcagcecattgecttttatggtaategtgega
gagggcgcagggacttcctttgteccaaatctgtgeggagecgaaatctgggaggegecgecgceca
ccccectcectagegggcgeggggcgaagecggtgeggecgecggcaggaaggaaatgggcggggagggce
cttcgtgcgtegceccgegeccgecgtecccttetececteteccagectecggggetgtccgegggggga
cggctgceccecttcecgggggggacggggcagggeggggttceggettetggegtgtgaccggeggetceta
gagcctctgctaaccatgttcatgeccttcttetttttectacagectectgggcaacgtgetggtt
attgtgctgtctcatcattttggcaaagaattgattaattcgagecgaacgecgtcgecaccatgaa
ctcecttctecacaagegectteggtecagttgectteteecctgggectgetectggtgttgectyg
ctgccttccecectgccececcagtettcacactcgaagatttegttggggactggcgacagacageccggc
tacaacctggaccaagtccttgaacagggaggtgtgtccagtttgtttcagaatctcggggtgte
cgtaactccgatccaaaggattgtcecctgagecggtgaaaatgggctgaagatcgacatccatgtea
tcatccecgtatgaaggtctgagcggecgaccaaatgggeccagatcgaaaaaatttttaaggtggtyg
taccctgtggatgatcatcactttaaggtgatcctgecactatggcacactggtaatcgacggggt
tacgccgaacatgatcgactatttecggacggeccgtatgaaggcatecgecgtgttcgacggcaaaa
agatcactgtaacagggaccctgtggaacggcaacaaaattatcgacgagecgcctgatcaaccce
gacggctcecctgctgttcecgagtaaccatcaacggagtgaccggectggecggetgtgegaacgecat
tctggcggctagcegctactaacttcagectgectgaagcaggcectggagacgtggaggagaacecctyg
gacctggaagcggagagggcagagdgaagtctgctaacatgecggtgacgtcgaggagaatcectgga
cctggatcecggaatggtgagcaagggcgaggagctgttcacecggggtggtgeccatectggtega
gctggacggcgacgtaaacggccacaagttcagegtgtcecggegagggcgagggegatgecacct
acggcaagctgaccctgaagttcatctgecaccaccggcaagctgeececgtgecctggeccacecte
gtgaccaccctgacctacggcgtgcagtgcttcagecgctacccecgaccacatgaagcagecacga
cttecttcaagtccgccatgceccgaaggctacgteccaggagegcaccatcecttcecttcaaggacgacyg
gcaactacaagacccgcgecgaggtgaagttcgagggcgacaccectggtgaaccgecatcgagetg
aagggcatcgacttcaaggaggacggcaacatcctggggcacaagctggagtacaactacaacag
ccacaacgtctatatcatggccgacaagcagaagaacggcatcaaggtgaacttcaagatccgec
acaacatcgaggacggcagcgtgcagctegccgaccactaccagcagaacacccccatecggegac
ggccccgtgectgectgecccgacaaccactacctgagcacccagtececgecctgagcaaagaceccaa
cgagaagcgcgatcacatggtcecctgcectggagttegtgacecgecgecgggatcactecteggecatgg
acgagctgtacaagtaaaatcaacctctggattacaaaatttgtgaaagattgactggtattctt
aactatgttgctccttttacgctatgtggatacgectgctttaatgectttgtatcatgectattge
ttccegtatggctttecattttctectecttgtataaatcctggttgetgtectetttatgaggagt
tgtggcccgttgtcaggcaacgtggegtggtgtgcactgtgtttgectgacgcaacccecactggt
tggggcattgccaccacctgtcagectectttecgggactttegettteccectecectattgecac
ggcggaactcatcgeccgectgecttgeccgetgetggacaggggeteggetgttgggecactgaca
attccgtggtgttgtcggggaaatcatcgtecctttecttggectgetegectgtgttgecacectygg
attctgcgecgggacgtceccttcectgetacgtecctteggecctcaateccageggaccttectteceg
cggcctgctgecggectctgeggcecctettececgegtecttegecttegecectcagacgagteggatet
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ccectttgggecgecteccegegetegetttettgetgtceccaatttctattaaaggttectttgtt
ccctaagtccaactactaaactgggggatattatgaagggccttgagcatctggattectgectaa
taaaaaacatttattttcattgcaagctcgectttcttgctgteccaatttctattaaaggttcecett
tgttccctaagtccaactactaaactgggggatattatgaagggccttgagcatctggattcectge
ctaataaaaaacatttattttcattgcaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaasaaaaaaaaaaaaaaaaaaasaaaaaaaaaaaaaaaasaaaasaaaaaaaaaaa
aaaaactcggaaggacatggtgtggaaagtccccaggctecccagcaggcagaagtatgcaaage
atgcatctcaattagtcagcaaccaggtgtggaaagtccccaggctceccccagcaggcagaagtat
gcaaagcatgcatctcaattagtcagcaaccaaattaaagtaacccataacttcgtatagecatac
attatacgaagttatgaagttcctattctctagaaagtataggaacttctagtcacctatttcag
catactacgcgcgtagtatgctgaaataggtttatcagcacacaatagtccattatacgegegta
taatggcaattgtgtgctgattgggttactttaatttggatcecgtcgaccgatgecccttgagagce
cttcaacccagtcagctceccectteceggtgggegeggggcatgactategtegeecgecacttatgactyg
tcttectttatcatgcaactecgtaggacaggtgccggecagcgetctteegecttectegetcactga
ctcgetgcgetcecggtegtteggctgeggecgagecggtatcagetcactcaaaggcggtaatacggt
tatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccadgg
aaccgtaaaaaggccgegttgetggegttttteccataggectcececgececececctgacgagecatcacaa
aaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggegttteccce
ctggaagctccectegtgegetcectectgttecgacecectgecgettacecggatacctgtecgecttt
ctccecttcecgggaagegtggegetttetcatagectcacgctgtaggtatctcagttecggtgtaggt
cgttcgctccaagectgggectgtgtgcacgaaccceccecegttcageccgaccgetgegecttatecg
gtaactatcgtcttgagtccaacccggtaagacacgacttatcgeccactggcagcagecactggt
aacaggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagtggtggectaacta
cggctacactagaagaacagtatttggtatctgcgectctgectgaagecagttacctteggaaaaa
gagttggtagctcttgatccggcaaacaaaccaccgctggtageggtggtttttttgtttgcaag
cagcagattacgcgcagaaaaaaagdatctcaagaagatcctttgatecttttetacggggtctga
cgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttca
cctagatccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttgg
tctgacagttaccaatgcttaatcagtgaggcacctatctcagecgatctgtectatttegttceate
catagttgcctgactcccegtegtgtagataactacgatacgggagggcttaccatctggecceca
gtgctgcaatgataccgcgagacccacgctcacecggctceccagatttatcagcaataaaccageca
gccggaagggccgagcgcagaagtggtcctgcaactttatecgectceccatecagtetattaattyg
ttgccgggaagctagagtaagtagttcgeccagttaatagtttgcgcaacgttgttgecattgeta
caggcatcgtggtgtcacgctcecgtegtttggtatggcttcattcagetececggtteccaacgatceca
aggcgagttacatgatccecccatgttgtgcaaaaaagcggttagetectteggtectecgategt
tgtcagaagtaagttggccgcagtgttatcactcatggttatggcagcactgcataattctectta
ctgtcatgccatccgtaagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaa
tagtgtatgcggcgaccgagttgctcttgeccggegtcaatacgggataataccgegecacatag
cagaactttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttac
cgctgttgagatccagttcgatgtaacccactcgtgcacccaactgatcttcagecatcecttttact
ttcaccagcgtttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggce
gacacggaaatgttgaatactcatactcttcctttttcaatattattgaagcatttatcagggtt
attgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttcecgecge
acatttcceccgaaaagtgeccacctgacgegccctgtagecggegcattaagegeggegggtgtggt
ggttacgcgcagcgtgaccgctacacttgeccagecgeccecctagegeccgetectttegetttettee
cttectttcectegecacgttecgecggetttecececgtcaagetectaaatecgggggceteectttaggg
ttccgatttagtgetttacggcacctcecgaccccaaaaaacttgattagggtgatggttcacgtag
tgggccatcecgecctgatagacggtttttegecctttgacgttggagtceccacgttetttaatagtyg
gactcttgttccaaactggaacaacactcaaccctatctecggtctattcttttgatttataaggg
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attttgccgatttecggcctattggttaaaaaatgagctgatttaacaaaaatttaacgcgaattt
taacaaaatattaacgcttacaatttgccattcgccattcaggctgegcaactgttgggaagggce
gatcggtgecgggcctcttegctattacgecageccaagctaccatgataagtaagtaatattaag
gtacgtggaggttttacttgctttaaaaaacctcccacacctcecceccecctgaacctgaaacataaaa
tgaatgcaattgttgttgttaacttgtttattgcagcttataatggttacaaataaagcaatagce
atcacaaatttcacaaataaagcatttttttcactgcattctagttgtggtttgtccaaactcat
caatgtatcttatggtactgtaactgagctaacataa

SEQ ID NO:41 4-2 pGL2-SS*-CAG [E1 X3+CBA promoter-+introne]-SecNLuc-2A-eGFP-
WPRE-3"UTR(108 to 120 polyA)-SS*

cccgggaggtaccgagcetcettacgegtgctagaattaaagtaacccaatcagcacacaattgececa
ttatacgcgcgtataatggactattgtgtgctgataaacctatttcagcatactacgecgegtagt
atgctgaaataggtgactagaagttcctatactttctagagaataggaacttcataacttegtat
aatgtatgctatacgaagttatgggttactttaatttggttgctgactaattgagatgcatgett
tgcatacttctgcctgctggggagectggggactttcecacacctggttgctgactaattgagatg
catgctttgcatacttctgectgectggggagecctggggactttccacaccecectgggtegacggga
ctttcecggggcggggcacgtggtgcacgggactttececgtgcacgtgecacgggactttececgggact
ttcecgggactttececgtgcaccacgtggggactttcecegtgecacgggactttecggggeggggecacy
tggtgcacgggactttccgtgcacgtgcacgggactttceccgggactttececgggacttteecgtgea
ccacgtggggactttccecgtgcacgggactttcececggggecggggcacgtggtgcacgggactttecyg
tgcacgtgcacgggactttcecgggacttteccgggactttcecgtgcaccacgtggggactttecegt
gcacgtcgaggtgagccccacgttctgecttcactctceccecccatectececcececectecccacceccaa
ttttgtatttatttattttttaattattttgtgcagcgatgggggecggggggggggggggegege
gccaggcggggcggggcggggcgaggggcggggcggggcgaggcggaaaggtgcggeggcageca
atcagagcggcgcgctceccgaaagtttecttttatggecgaggecggeggeggeggeggecctataaa
aagcgaagcgcgcggcgggcgggagtcegetgegttgecttegeceegtgececegetecgegecge
ctcgegccgeeccgececggetcectgactgacegegttactcecccacaggtgagegggecgggacggcec
cttctectecgggetgtaattagegettggtttaatgacggetegtttettttctgtggetgegt

gaaagccttaaagggctccgggagggccctttgtgecgggggggageggctecggggggtgegtgeg
tgtgtgtgtgcgtggggagecgccgegtgeggcteecgegetgececggeggetgtgagegetgeggg
cgcggcgcggggctttgtgecgectceccgcagtgtgcgecgaggggagegcggecgggggcggtgecce
gcggtgcggggggggctgcgaggggaacaaaggctgcgtgeggggtgtgtgecgtgggggggtgag
cagggggtgtgggcgcggcggtcgggctgtaacccceccctgecacceeccteeccgagttgetga
gcacggcccggcttcgggtgcggggctecgtacggggegtggegeggggetegecegtgecgggeyg
gggggtggcggcaggtgggggtgccgggcggggcggggccgectegggccggggagggctcggag
gaggggcgcggcggcccceggagegcecggeggcectgtecgaggegeggegagecgcagecattgect
tttatggtaatcgtgcgagagggcgcagggacttcecctttgteccaaatctgtgecggagecgaaat
ctgggaggcgccgccgcaccecctectagegggecgeggggcgaagecggtgecggegeccggcaggaag
gaaatgggcggggagggccttcecgtgcgtegeccgegecgeecgtecectteteccteteccagecteg
gggctgtccgcggggggacggctgeccttcgggggggacggggcagggeggggttcggettetgge
gtgtgaccggcggctctagagectctgectaaccatgttcatgecttettetttttectacagete
ctgggcaacgtgctggttattgtgectgtctcatcattttggcaaagaattgattaattcgagega
acgcgtcgecaccatgaactcecttcectceccacaagegectteggteccagttgecttetecectgggee
tgctecctggtgttgectgcectgecttecctgecccagtettcacactecgaagatttegttggggac
tggcgacagacagccggctacaacctggaccaagtccttgaacagggaggtgtgtccagtttgtt
tcagaatctcggggtgtcecgtaactceccgatccaaaggattgtectgagecggtgaaaatgggectga
agatcgacatccatgtcatcatcccgtatgaaggtctgagecggcgaccaaatgggeccagatcgaa
aaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgecactatggcac
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actggtaatcgacggggttacgccgaacatgatcgactatttcecggacggecgtatgaaggecatceg
ccgtgttcecgacggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatcgac
gagcgcctgatcaaccccgacggetccecctgectgttecgagtaaccatcaacggagtgaccggetg
gcggctgtgcgaacgcattctggecggctagegetactaacttcagectgetgaagcaggetggag
acgtggaggagaaccctggacctggaagcggagagggcagaggaagtctgectaacatgecggtgac
gtcgaggagaatcctggacctggatccggaatggtgagcaagggcecgaggagctgttcaccggggt
ggtgcccatcctggtcgagctggacggecgacgtaaacggcecacaagttcagegtgteceggegagyg
gcgagggcgatgccacctacggcaagctgaccctgaagttcatctgcaccaccggecaagectgece
gtgccctggecccaccctecgtgaccaccctgacctacggegtgcagtgecttcageecgetaceecga
ccacatgaagcagcacgacttcttcaagteccgccatgeccgaaggctacgtccaggagecgecacceca
tcttcttcaaggacgacggcaactacaagacccgcecgcecgaggtgaagttcgagggcegacacectyg
gtgaaccgcatcgagctgaagggcatcgacttcaaggaggacggcaacatecctggggcacaagct
ggagtacaactacaacagccacaacgtctatatcatggccgacaagcagaagaacggcatcaagg
tgaacttcaagatccgccacaacatcgaggacggcagcecgtgcagctegccgaccactaccageag
aacaccccecatcggecgacggcccegtgetgectgececgacaaccactacctgagcacccagtecge
cctgagcaaagaccccaacgagaagcgcgatcacatggtectgetggagttecgtgacecgecgeceg
ggatcactctcggcatggacgagctgtacaagtaaaatcaacctctggattacaaaatttgtgaa
agattgactggtattcttaactatgttgctccttttacgectatgtggatacgctgetttaatgece
tttgtatcatgctattgcttcecccgtatggetttcattttctectecttgtataaatecctggttge
tgtctctttatgaggagttgtggccegttgtcaggcaacgtggcgtggtgtgecactgtgtttget
gacgcaacccccactggttggggecattgecaccacctgtcagectectttecgggactttegettt
cccectcecectattgceccacggeggaactcatcecgeecgectgecttgecegetgetggacaggggete
ggctgttgggcactgacaattccgtggtgttgtcggggaaatcatcgtectttecttggetgcete
gcectgtgttgccacctggattcectgegegggacgtecttetgectacgtceecectteggeectecaatee
agcggaccttceccttcecceccgeggectgetgecggetetgeggectetteegegtettegecttegee
ctcagacgagtcggatctcecctttgggccgectcecccegegetegetttecttgetgtecaatttet
attaaaggttcctttgttccctaagtccaactactaaactgggggatattatgaagggccttgag
catctggattctgcctaataaaaaacatttattttcattgcaagctegetttecttgetgtccaat
ttctattaaaggttcctttgttccctaagteccaactactaaactgggggatattatgaagggect
tgagcatctggattctgcctaataaaaaacatttattttcattgcaaaaaaaaaaaaaaaaaaaa
aaaaaasaaaasaaaasaaaasaaaaaaaaasaaaaaaaaaaaaaaaasaaaasaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaaaactcggaaggacatggtgtggaaagtccccaggetcccecagea
ggcagaagtatgcaaagcatgcatctcaattagtcagcaaccaggtgtggaaagtccccaggctce
cccagcaggcagaagtatgcaaagcatgcatctcaattagtcagcaaccaaattaaagtaaccceca
taacttcgtatagcatacattatacgaagttatgaagttcctattctctagaaagtataggaact
tctagtcacctatttcagcatactacgcgegtagtatgctgaaataggtttatcagcacacaata
gtccattatacgcgcgtataatggcaattgtgtgectgattgggttactttaatttggatcegtceg
accgatgceccttgagagccttcaacccagtcagetecttecggtgggegeggggecatgactateg
tcgcegcacttatgactgtettctttatcatgcaactegtaggacaggtgeccggcagegcetcette
cgcttectegectcecactgactegetgegeteggtegtteggectgeggegageggtatcagetecact
caaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaa
ggccagcaaaaggccaggaaccgtaaaaaggccgegttgetggegtttttecataggecteegece
ccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaa
gataccaggcgtttccccectggaagctcecectegtgegectetectgtteccgaccctgecgettace
ggatacctgtccgectttcectcececttecgggaagegtggegetttctcatagetcacgectgtaggta
tctcagttcggtgtaggtegttegetccaagetgggectgtgtgecacgaaccceccegttcecageceg
accgctgecgecttatccggtaactatcgtettgagtccaacceggtaagacacgacttategeca
ctggcagcagccactggtaacaggattagcagagcgaggtatgtaggeggtgectacagagttett
gaagtggtggcctaactacggctacactagaagaacagtatttggtatctgecgctectgctgaage
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cagttaccttcggaaaaagagttggtagctcttgatcececggcaaacaaaccaccgcectggtageggt
ggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgat
cttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagat
tatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaatctaaagt
atatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagcgat
ctgtctatttcgttcatccatagttgecctgactceccecegtegtgtagataactacgatacgggagg
gcttaccatctggeccccagtgctgcaatgataccgecgagacccacgctcacecggetceccagattta
tcagcaataaaccagccagccggaagggccgagcgcagaagtggtecctgcaactttatecgecte
catccagtctattaattgttgccgggaagctagagtaagtagttcgecagttaatagtttgegea
acgttgttgccattgctacaggcatcgtggtgtcacgctcecgtegtttggtatggcttcattcage
tccggttecccaacgatcaaggcgagttacatgatcccececcatgttgtgcaaaaaageggttagete
cttcggtccteccgategttgtcagaagtaagttggecegcagtgttatcactecatggttatggeag
cactgcataattctcttactgtcatgccatccgtaagatgettttectgtgactggtgagtactcea
accaagtcattctgagaatagtgtatgcggcgaccgagttgctcttgeccecggegtcaatacggga
taataccgcgccacatagcagaactttaaaagtgctcatcattggaaaacgttcttcggggecgaa
aactctcaaggatcttaccgctgttgagatccagttcgatgtaacccactcecgtgcacccaactga
tcttcagcatcttttactttcaccagegtttectgggtgagcaaaaacaggaaggcaaaatgccge
aaaaaagggaataagggcgacacgdaaatgttgaatactcatactcttcctttttcaatattatt
gaagcatttatcagggttattgtctcatgagcggatacatatttgaatgtatttagaaaaataaa
caaataggggttccgecgcacatttcecccgaaaagtgecacctgacgegeccctgtageggcgeatt
aagcgcggegggtgtggtggttacgcgcagecgtgaccgctacacttgccagecgeecctagegeccg
ctcectttegetttetteccttectttetegeccacgttegecggettteccegtcaagetcectaaat
cgggggctceccctttagggttceccgatttagtgetttacggcacctcgaccccaaaaaacttgatta
gggtgatggttcacgtagtgggccatcgecctgatagacggtttttegeectttgacgttggagt
ccacgttctttaatagtggactcttgttccaaactggaacaacactcaaccctatcteggtcetat
tcttttgatttataagggattttgccgatttcggecctattggttaaaaaatgagctgatttaaca
aaaatttaacgcgaattttaacaaaatattaacgcttacaatttgccattecgccattcaggetge
gcaactgttgggaagggcgatcggtgcgggcecctcttcegetattacgeccageccaagctaccatga
taagtaagtaatattaaggtacgtggaggttttacttgctttaaaaaacctcccacacctccecce
tgaacctgaaacataaaatgaatgcaattgttgttgttaacttgtttattgcagcttataatggt
tacaaataaagcaatagcatcacaaatttcacaaataaagcatttttttcactgcattctagttyg
tggtttgtccaaactcatcaatgtatcttatggtactgtaactgagctaacataa

SEQ ID NO:42 4-3 pGL2-SS*-CAG [E2(U100)+CBA promoter+introne]-SecNLuc-2A-eGFP-
WPRE-3"UTR(108 to 120 polyA)-SS*

ccecgggaggtaccgagctcecttacgegtgectagaattaaagtaacccaatcagcacacaattgeca
ttatacgcgcgtataatggactattgtgtgctgataaacctatttcagcatactacgegegtagt
atgctgaaataggtgactagaagttcctatactttctagagaataggaacttcataacttcegtat
aatgtatgctatacgaagttatgggttactttaatttggttgctgactaattgagatgcatgctt
tgcatacttctgcecctgectggggagectggggactttccacacctggttgectgactaattgagatyg
catgctttgcatacttctgcctgctggggagectggggactttceccacaccectgggtegactggg
actttccactagacatgacacagcaatctgatatgcttgegtgagaagaggattcatatecectggg
actttccacagattttaccggaagttgttagatgcttgecgtgagaagatctaacatgacacagca
atccttagtgggactttccaagtatgtggggcggggagtatacatgacacagcaattgatcatta
ccggaagtttataggtgggactttccagacctatgcttgecgtgagaagaaaggtctgggacttte
cagtcgaggtgagccccacgttctgcecttcactctceccccatctececceceeccctecccacccececaatt
ttgtatttatttattttttaattattttgtgcagcgatgggggecggggggggggggggcegegege

caggcggggcggggcggggcgaggggcggggcggggcgaggcggaaaggtgecggeggcagecaat
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cagagcggcgcgctecgaaagtttecttttatggecgaggecggeggeggeggeggecctataaaaa
gcgaagcgcgcggcegggcgggagtegetgegttgecttegececegtgeceecgetecgegeecgect
cgcgcecgccegcecceggctetgactgaccgegttacteccacaggtgagecgggcgggacggceect
tctectcececgggetgtaattagegettggtttaatgacggetegtttettttectgtggetgegtga

aagccttaaagggctccgggagggccctttgtgcgggggggagcggetcggggggtgegtgegtyg
tgtgtgtgcgtggggagcgeccgcegtgeggetcececgegetgecceggeggetgtgagegetgegggeg
cggcgcggggctttgtgcgectecgecagtgtgecgecgaggggagcgcggccgggggeggtgcececge
ggtgcggggggggctgcgaggggaacaaaggctgcgtgcggggtgtgtgecgtgggggggtgagcea
gggggtgtgggcgcggcggtcgggetgtaaccceceecctgecacceeccteecccgagttgetgage
acggcccggcttcegggtgcggggctccgtacggggcgtggcgeggggetecgecgtgecgggeggyg
gggtggcggcaggtgggggtgccgggcggggcggggccgectecgggecggggagggctcggggga
ggggcgcggcggcccceccggagcegecggeggcectgtegaggegeggegagecgcagecattgeettt
tatggtaatcgtgcgagagggcgcagggacttcecctttgtcccaaatectgtgeggagecgaaatcet
gggaggcgccgccgcacceectctagecgggcgeggggcgaageggtgeggegecggcaggaagga
aatgggcggggagggccttegtgegtcgecgegecgeccgteccecttcecteectectecagecteggg
gctgtccgcggggggacggctgcecttegggggggacggggcagggcggggtteggettetggegt
gtgaccggcggctctagagcecctctgectaaccatgttcatgecttettetttttectacagetect
gggcaacgtgctggttattgtgctgtctcatcattttggcaaagaattgattaattcgagecgaac
gcgtcgccaccatgaactecttectcecacaagegectteggtceccagttgecttcectecctgggectyg
ctcectggtgttgcctgctgecttcecectgecccagtcttcacactcgaagatttcgttggggactyg
gcgacagacagccggctacaacctggaccaagteccttgaacagggaggtgtgtccagtttgttte
agaatctcggggtgtccecgtaactccgatccaaaggattgtecctgageggtgaaaatgggectgaag
atcgacatccatgtcatcatcccgtatgaaggtctgageggcgaccaaatgggccagatcgaaaa
aatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgcactatggecacac
tggtaatcgacggggttacgccgaacatgatcgactatttcggacggecgtatgaaggcatcecgec
gtgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatcgacga
gcgecctgatcaaccccgacggctecectgetgttecgagtaaccatcaacggagtgaccggetgge
ggctgtgcgaacgcattctggecggctagecgctactaacttcagectgectgaagcaggectggagac
gtggaggagaaccctggacctggaagcggagagggcagaggaagtctgctaacatgeggtgacgt
cgaggagaatcctggacctggatcecggaatggtgagcaagggcgaggagctgttcaccggggtgg
tgcccatcctggtecgagectggacggecgacgtaaacggccacaagttcagegtgtececggegagggce
gagggcgatgccacctacggcaagctgaccctgaagttcatctgcaccaccggcaagctgeecgt
gccectggeccaccetegtgaccaccectgacctacggegtgecagtgettcagecgetacccecegace
acatgaagcagcacgacttcttcaagtccgceccatgecccgaaggctacgtceccaggagcegcaccatce
ttcttcaaggacgacggcaactacaagaccecgcecgecgaggtgaagttecgagggecgacacecctggt
gaaccgcatcgagctgaagggcatcgacttcaaggaggacggcaacatcctggggcacaagcetygg
agtacaactacaacagccacaacdgtctatatcatggccgacaagcagaagaacggcatcaaggtg
aacttcaagatccgccacaacatcgaggacggcagcegtgcagctecgecgaccactaccagecagaa
cacccccatcggcgacggcecccececgtgetgectgeccgacaaccactacctgagcacccagteccgecec
tgagcaaagaccccaacgagaagcgcgatcacatggtectgetggagttecgtgaccgecgeecggyg
atcactctcggcatggacgagctgtacaagtaaaatcaacctctggattacaaaatttgtgaaag
attgactggtattcttaactatgttgctecttttacgctatgtggatacgectgectttaatgectt
tgtatcatgctattgcttcecegtatggctttcattttectectecttgtataaatcctggttgetyg
tctctttatgaggagttgtggcccgttgtcaggcaacgtggegtggtgtgcactgtgtttgetga
cgcaacccccactggttggggcattgeccaccacctgtcagectectttecgggactttegetttee
ccctecectattgecacggeggaactcecatcegeecgectgecttgececgetgetggacaggggetcegg
ctgttgggcactgacaattcecgtggtgttgtcggggaaatcatcgtectttecttggetgetege
ctgtgttgccacctggattctgecgegggacgtceccttetgectacgtecectteggecctecaatecag
cggaccttccttcececgecggectgetgecggetctgeggectettececgegtettegecttegeecect
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cagacgagtcggatctccctttgggecgecteceecgegcectegetttettgetgtccaatttetat
taaaggttcctttgttccctaagtccaactactaaactgggggatattatgaagggecttgagea
tctggattctgcctaataaaaaacatttattttcattgcaagetcgetttecttgectgtecaattt
ctattaaaggttcctttgttccctaagtccaactactaaactgggggatattatgaagggecttyg
agcatctggattctgcctaataaaaaacatttattttcattgcaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaasaaaaaaaaaaaaaaaaaaasaaaaaaaaaaaaaaaasaaaasaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaactcggaaggacatggtgtggaaagtccccaggctecccagcagyg
cagaadgtatgcaaagcatgcatctcaattagtcagcaaccaggtgtggaaagtccccaggctcecec
cagcaggcagaagtatgcaaagcatgcatctcaattagtcagcaaccaaattaaagtaacccata
acttcgtatagcatacattatacgaagttatgaagttcctattctctagaaagtataggaacttce
tagtcacctatttcagcatactacgcgcgtagtatgctgaaataggtttatcagcacacaatagt
ccattatacgcgcgtataatggcaattgtgtgctgattgggttactttaatttggatececgtcecgac
cgatgcccttgagagcecttcaacccagtcagetecttecggtgggegeggggcatgactategte
gccgcacttatgactgtcttctttatcatgcaactecgtaggacaggtgeccggcagegctcectteeg
cttcctcgectecactgactcecgetgegetcecggtegttecggctgeggecgagecggtatcagetcactea
aaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaagg
ccagcaaaaggccaggaaccgtaaaaaggccgcgttgetggegttttteccataggecteegecccee
ctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaaga
taccaggcgtttccececectggaageteccectegtgegetetectgttecgaceectgeecgettacegg
atacctgtccgcctttcteecttegggaagcgtggegectttcectcatagectecacgetgtaggtate
tcagttcggtgtaggtcgttcegctceccaagetgggectgtgtgecacgaaccceccecegttcageccgac
cgctgecgecttatceccggtaactatcecgtecttgagtccaacccggtaagacacgacttatecgecact
ggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttcecttga
agtggtggcctaactacggctacactagaagaacagtatttggtatctgegctcectgectgaageca
gttaccttcggaaaaagagttggtagctecttgateccggcaaacaaaccaccgcectggtageggtygg
tttttttgtttgcaagcagcagattacgcgcagaaaaaaagdgatctcaagaagatcctttgatet
tttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagatta
tcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaatctaaagtat
atatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagecgatct
gtctatttcgttcatccatagttgectgactceccecegtegtgtagataactacgatacgggagggce
ttaccatctggccccagtgetgcaatgataccgecgagacccacgctcaccggetceccagatttate
agcaataaaccagccagccggaagggccgagcgcagaagtggtecctgcaactttateccgectceca
tccagtctattaattgttgeccgggaagctagagtaagtagttegccagttaatagtttgecgcecaac
gttgttgccattgctacaggcatcgtggtgtcacgctegtegtttggtatggecttecattcagetce
cggttcccaacgatcaaggcgagttacatgatcccccatgttgtgcaaaaaagecggttagcetect
tcggtectecgategttgtcagaagtaagttggecgecagtgttatcactcatggttatggcagea
ctgcataattctcttactgtcatgccatcecgtaagatgcttttctgtgactggtgagtactcaac
caagtcattctgagaatagtgtatgcggcgaccgagttgctecttgececeggegtcaatacgggata
ataccgcgccacatagcagaactttaaaagtgctcatcattggaaaacgttcttcggggcgaaaa
ctctcaaggatcttaccgectgttgagatccagttecgatgtaacccactecgtgecacccaactgatce
ttcagcatcttttactttcaccagegtttectgggtgagcaaaaacaggaaggcaaaatgccgecaa
aaaagggaataagggcgacacggaaatgttgaatactcatactcttcctttttcaatattattga
agcatttatcagggttattgtctcatgagcggatacatatttgaatgtatttagaaaaataaaca
aataggggttccgecgcacatttcececcgaaaagtgecacctgacgegeccctgtageggecgecattaa
gcgceggcegggtgtggtggttacgegecagegtgaccgctacacttgceccagegecctagegececget
cctttegetttetteecttectttetegeccacgttegecggettteeccegtcaagetcectaaateg
ggggctccctttagggttecgatttagtgectttacggcacctecgaccccaaaaaacttgattagg
gtgatggttcacgtagtgggccatcgccctgatagacggtttttegecctttgacgttggagtee
acgttctttaatagtggactcttgttccaaactggaacaacactcaaccctatcteggtctatte
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ttttgatttataagggattttgccgatttecggcctattggttaaaaaatgagectgatttaacaaa
aatttaacgcgaattttaacaaaatattaacgcttacaatttgccattcgecattcaggetgege
aactgttgggaagggcgatcggtgcgggectcttegectattacgeccageccaagetaccatgata
agtaagtaatattaaggtacgtggaggttttacttgctttaaaaaacctcccacacctcecccecectg
aacctgaaacataaaatgaatgcaattgttgttgttaacttgtttattgcagcttataatggtta
caaataaagcaatagcatcacaaatttcacaaataaagcatttttttcactgcattctagttgtg
gtttgtccaaactcatcaatgtatcttatggtactgtaactgagctaacataa

SEQ ID NO:43 4-4 pGL2-SS*-CAG [E1 X3+CBA promoter+UTR1]-SecNLuc-2A-eGFP-
WPRE-3"UTR(108 to 120 polyA)-SS*

cccgggaggtaccgagcetcettacgegtgctagaattaaagtaacccaatcagcacacaattgececa
ttatacgcgcgtataatggactattgtgtgctgataaacctatttcagcatactacgecgegtagt
atgctgaaataggtgactagaagttcctatactttctagagaataggaacttcataacttegtat
aatgtatgctatacgaagttatgggttactttaatttggttgctgactaattgagatgcatgett
tgcatacttctgcctgctggggagectggggactttcecacacctggttgctgactaattgagatg
catgctttgcatacttctgectgectggggagecctggggactttccacaccecectgggtegacggga
ctttcecggggcggggcacgtggtgcacgggactttececgtgcacgtgecacgggactttececgggact
ttcecgggactttececgtgcaccacgtggggactttcecegtgecacgggactttecggggeggggecacy
tggtgcacgggactttccgtgcacgtgcacgggactttceccgggactttececgggacttteecgtgea
ccacgtggggactttccecgtgcacgggactttcececggggecggggcacgtggtgcacgggactttecyg
tgcacgtgcacgggactttcecgggacttteccgggactttcecgtgcaccacgtggggactttecegt
gcacgtcgaggtgagccccacgttctgecttcactctceccecccatectececcececectecccacceccaa
ttttgtatttatttattttttaattattttgtgcagcgatgggggecggggggggggggggegege
gccaggcggggcggggcggggcgaggggcggggcggggcgaggcggaaaggtgcggeggcageca
atcagagcggcgcgctceccgaaagtttecttttatggecgaggecggeggeggeggeggecctataaa
aagcgaagcgcgcggcegggcegetgecttetcececctectgtgagtttggtaagtcgacgggecggge
ctgggccgggtccgggceccgggtcgttggatecccactacageeccgatactcaagcttgacgaatt
cgagtatccaaggtagtggactagtgtgacgctgctgacccecctttecttteecttetgcaggttgg
tgtacagtagcttccaaattgattaattcgagcgaacgcgtecgeccaccatgaactcecttetcecac
aagcgcctteggteccagttgecttcectececectgggectgetectggtgttgectgetgectteectg
ccccagtcettcecacactcecgaagatttegttggggactggcgacagacagceccggctacaacctggac
caagtccttgaacagggaggtgtgtccagtttgtttcagaatctcggggtgtecgtaactceccgat
ccaaaggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcateccgtatg
aaggtctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggat
gatcatcactttaaggtgatcctgcactatggcacactggtaatcgacggggttacgeccgaacat
gatcgactatttcggacggccgtatgaaggcatcecgececgtgttcgacggcaaaaagatcactgtaa
cagggaccctgtggaacggcaacaaaattatcgacgagcgecctgatcaaccecgacggcteectg
ctgttccgagtaaccatcaacggagtgaccggctggeggctgtgcgaacgcattctggcggetag
cgctactaacttcagecctgctgaagcaggctggagacgtggaggagaaccctggacctggaagceg
gagagggcagaggaagtctgctaacatgcggtgacgtcgaggagaatcctggacctggatccecgga
atggtgagcaagggcgaggagctgttcaccggggtggtgecccatecctggtecgagectggacggega
cgtaaacggccacaagttcagecgtgtceccggecgagggecgagggcegatgecacctacggcaagetga
ccectgaagttcecatcetgcaccaccggcaagetgcececegtgecctggeccaccecctegtgaccacectyg
acctacggcgtgcagtgcttcageecgctaccccgaccacatgaagcagcacgacttcttcaagte
cgccatgcccgaaggctacgtccaggagegecaccatettcttcaaggacgacggcaactacaaga
cccgcgceccgaggtgaagttcgagggecgacaccctggtgaaccgcatecgagetgaagggecatcgac
ttcaaggaggacggcaacatcctggggcacaagctggagtacaactacaacagccacaacgtcta
tatcatggccgacaagcagaagaacggcatcaaggtgaacttcaagatccgecacaacatcgagg
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acggcagcgtgcagctcgecgaccactaccagcagaacacccceccatecggegacggececegtgetg
ctgceccgacaaccactacctgagcacccagtceccecgecctgagcaaagaccccaacgagaagegega
tcacatggtcctgctggagttcgtgaccgeecgeccgggatcactctecggcatggacgagctgtaca
agtaaaatcaacctctggattacaaaatttgtgaaagattgactggtattcttaactatgttget
ccttttacgctatgtggatacgctgctttaatgectttgtatcatgectattgetteccecgtatgge
tttcattttctcctecttgtataaatcecctggttgetgtectectttatgaggagttgtggecegttyg
tcaggcaacgtggegtggtgtgcactgtgtttgctgacgcaacccecccactggttggggecattgec
accacctgtcagctecctttecgggactttegecttteccectececctattgecacggeggaacteat
cgccgectgecttgeccgectgectggacaggggctecggetgttgggcactgacaattecegtggtgt
tgtcggggaaatcatcgtecctttcecttggetgctegectgtgttgecacctggattcectgegeggg
acgtccttectgctacgtcececttcecggecctcaatccageggacctteectteecegeggectgetgece
ggctctgecggcectettcececgegtettegecttegeectcagacgagteggatcectecectttgggecg
cctececegegetegetttettgetgtceccaatttctattaaaggttectttgttececctaagtecaa
ctactaaactgggggatattatgaagggccttgagcatctggattctgcctaataaaaaacattt
attttcattgcaagctcgectttcttgctgtccaatttctattaaaggttectttgttccctaagt
ccaactactaaactgggggatattatgaagggccttgagcatctggattctgectaataaaaaac
atttattttcattgcaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaasaaaasaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaactcggaa
ggacatggtgtggaaagtccccaggctcececcagcaggcagaagtatgcaaagcatgcatcectcaat
tagtcagcaaccaggtgtggaaagtccccaggctcceccagcaggcagaagtatgcaaagcatgeca
tctcaattagtcagcaaccaaattaaagtaacccataacttcgtatagcatacattatacgaagt
tatgaagttcctattctctagaaagtataggaacttctagtcacctatttcagcatactacgecge
gtagtatgctgaaataggtttatcagcacacaatagtccattatacgcgegtataatggcaattg
tgtgctgattgggttactttaatttggatcecgtcgaccgatgeccttgagagecttcaacccagt
cagctceccttecggtgggcgeggggcatgactatecgtegecgecacttatgactgtettetttatea
tgcaactcgtaggacaggtgccggcagcgectcttceccgettectecgetecactgactegetgegetce
ggtcgttcggctgeggcgagcggtatcagetcactcaaaggcggtaatacggttatceccacagaat
caggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccagdaaccdtaaaaag
gcecgegttgetggegtttttecataggectecgeeceececctgacgagcatcacaaaaatcgacgete
aagtcagaggtggcgaaacccgacaggactataaagataccaggegtttcecccecctggaagetece
tcgtgcgcetectectgttececgaccectgecgettacecggatacectgtecegectttecteecectteggga
agcgtggcgctttcetcatagctcacgctgtaggtatctcagttecggtgtaggtecgttcegetecaa
gctgggctgtgtgcacgaacccceegttcagececgaccgetgegecttatecggtaactategte
ttgagtccaacccggtaagacacgacttatcgccactggcagcageccactggtaacaggattage
agagcgaggtatgtaggcggtgctacagagttcttgaagtggtggcectaactacggctacactag
aagaacagtatttggtatctgcgectctgectgaageccagttaccttecggaaaaagagttggtaget
cttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacg
cgcagaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctgacgctcagtggaa
cgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatccttt
taaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttac
caatgcttaatcagtgaggcacctatctcagcgatctgtctatttecgttcateccatagttgectyg
actcccegtegtgtagataactacgatacgggagggcttaccatectggececccagtgectgecaatga
taccgcgagacccacgctcaccggctccagatttatcagcaataaaccagccagccggaagggcec
gagcgcagaagtggtcctgcaactttatcegcecctecatccagtctattaattgttgecgggaage
tagagtaagtagttcgccagttaatagtttgcgcaacgttgttgccattgctacaggcatcgtgg
tgtcacgctcecgtegtttggtatggecttcattcagectceceggtteccaacgatcaaggecgagttaca
tgatcccccatgttgtgcaaaaaagecggttagctectteggtectececgategttgtcagaagtaa
gttggccgcagtgttatcactcatggttatggcagcactgcataattctettactgtcatgecat
ccgtaagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgegg
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cgaccgagttgctcecttgccecggegtcaatacgggataatacecgecgeccacatagcagaactttaaa
agtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgetgttgagat
ccagttcgatgtaacccactcgtgcacccaactgatcttcagecatcttttactttcaccagegtt
tctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatyg
ttgaatactcatactcttecctttttcaatattattgaagcatttatcagggttattgtctcatga
gcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgegcacatttcecececga
aaagtgccacctgacgcgeccctgtageggegcattaagegeggegggtgtggtggttacgegeag
cgtgaccgctacacttgccagcgceccctagegecccgetectttegetttctteecttecttteteg
ccacgttcgeceggctttcceegtcaagctectaaatcgggggetececctttagggtteccgatttagt
gctttacggcacctcgaccccaaaaaacttgattagggtgatggttcacgtagtgggeccatcgece
ctgatagacggtttttcgeccctttgacgttggagtccacgttectttaatagtggactcecttgttece
aaactggaacaacactcaaccctatctcggtctattcttttgatttataagggattttgecgatt
tcggectattggttaaaaaatgagctgatttaacaaaaatttaacgcgaattttaacaaaatatt
aacgcttacaatttgccattcgccattcaggctgecgcaactgttgggaagggcgatcggtgecggg
cctcttcgctattacgccageccaagctaccatgataagtaagtaatattaaggtacgtggaggt
tttacttgctttaaaaaacctcccacacctceccectgaacctgaaacataaaatgaatgcaattyg
ttgttgttaacttgtttattgcagcttataatggttacaaataaagcaatagcatcacaaatttc
acaaataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatctta
tggtactgtaactgagctaacataa

SEQ ID NO:44 4-5-pGL2-8S*-CAG [E2 (U100)+CBA promoter+UTR1]-SecNLuc-2A-eGFP-
WPRE-3’UTR (108 to 120 polyA)-SS*

cccgggaggtaccgagcetcecttacgegtgctagaattaaagtaacccaatcagcacacaattgececa
ttatacgcgcgtataatggactattgtgtgctgataaacctatttcagcatactacgegegtagt
atgctgaaataggtgactagaagttcctatactttctagagaataggaacttcataacttegtat
aatgtatgctatacgaagttatgggttactttaatttggttgctgactaattgagatgcatgett
tgcatacttctgcctgctggggagectggggactttecacacctggttgectgactaattgagatg
catgctttgcatacttctgcctgectggggagectggggactttccacaccecctgggtecgactggg
actttccactagacatgacacagcaatctgatatgcttgecgtgagaagaggattcatatcctggg
actttccacagattttaccggaagttgttagatgecttgecgtgagaagatctaacatgacacagca
atccttagtgggactttccaagtatgtggggcggggagtatacatgacacagcaattgatcatta
ccggaagtttataggtgggactttccagacctatgcttgecgtgagaagaaaggtctgggactttce
cagtcgaggtgagccccacgttctgettcactcteccecatcteccececeeccteeccacececcaatt
ttgtatttatttattttttaattattttgtgcagcgatgggggcggggggggggggggcgegcege
caggcggggcggggcggggcgaggggcggggcggggcgaggcggaaaggtgecggecggeagecaat
cagagcggcgcgctceccgaaagtttecttttatggecgaggecggeggeggeggeggecctataaaaa
gcgaagcgcgcggegggcegcetgecttetecctectgtgagtttggtaagtecgacgggecgggect
gggccgggtccgggeccgggtcgttggatecccactacageccgatactcaagecttgacgaatteg
agtatccaaggtagtggactagtgtgacgctgctgacccctttctttcececcttctgecaggttggtyg
tacagtagcttccaaattgattaattcgagcgaacgcgtcecgecaccatgaactceccttctecacaa
gcgecttceggtceccagttgecttcectcecectgggectgetectggtgttgectgetgectteectgee
ccagtcttcacactcgaagatttecgttggggactggecgacagacagecggctacaacctggacca
agtccttgaacagggaggtgtgtcecagtttgtttcagaatctecggggtgtecgtaactececgatee
aaaggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatecccgtatgaa
ggtctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccectgtggatga
tcatcactttaaggtgatcctgcactatggcacactggtaatcgacggggttacgeccgaacatga
tcgactatttcggacggcecgtatgaaggcatcgecgtgttcgacggcaaaaagatcactgtaaca
gggaccctgtggaacggcaacaaaattatcgacgagcgcecctgatcaaccececgacggctececectget
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gttccgagtaaccatcaacggagtgaccggctggeggcectgtgecgaacgcattcectggeggetageg
ctactaacttcagcctgctgaagcaggctggagacgtggaggagaaccctggacctggaagegga
gagggcagaggaagtctgctaacatgcggtgacgtcgaggagaatcecctggacctggatccggaat
ggtgagcaagggcgaggagctgttcaccggggtggtgecccatcecctggtcgagectggacggecgacg
taaacggccacaagttcagcgtgtccggecgagggcecgagggcgatgeccacctacggcaagetgacce
ctgaagttcatctgcaccaccggcaagctgececgtgecctggeccaccectegtgaccacectgac
ctacggcgtgcagtgcttcagceccgectaccecgaccacatgaagcagecacgacttecttcaagteeg
ccatgcccgaaggctacgtccaggagcgcaccatcttettcaaggacgacggcaactacaagacc
cgcgccgaggtgaagttcgagggcgacaccctggtgaaccgecatcgagctgaagggcatcgactt
caaggaggacggcaacatcctggggcacaagctggagtacaactacaacagccacaacgtctata
tcatggccgacaagcagaagaacggcatcaaggtgaacttcaagatccgccacaacatcgaggac
ggcagcgtgcagctcgccgaccactaccagcagaacaccceccateggegacggecceegtgetget
gcccgacaaccactacctgagcacccagtecgecctgagcaaagaccccaacgagaagcecgegate
acatggtcctgctggagttcecgtgaccgcegccgggatcactctecggcatggacgagctgtacaag
taaaatcaacctctggattacaaaatttgtgaaagattgactggtattcttaactatgttgctec
ttttacgctatgtggatacgctgctttaatgectttgtatcatgctattgettccecgtatggett
tcattttctecctecttgtataaatcctggttgetgtctcectttatgaggagttgtggeccegttgte
aggcaacgtggcgtggtgtgcactgtgtttgctgacgcaacccccactggttggggcattgecac
cacctgtcagctccectttcegggactttegetttecececteecctattgecacggeggaactecateg
ccgcctgcecttgceccecegectgetggacaggggectcecggectgttgggcactgacaattcecgtggtgttyg
tcggggaaatcatcgtcctttecttggctgetecgectgtgttgeccacctggattectgegegggac
gtccttctgctacgtcececttceggecctcaatccageggaccttecttececegeggectgetgeegg
ctctgecggectetteegegtettegecttegecctcagacgagteggatcecteecctttgggecgece
tcceegegetegetttettgetgtecaatttectattaaaggttectttgttecctaagtecaact
actaaactgggggatattatgaagggccttgagcatctggattctgecctaataaaaaacatttat
tttcattgcaagctcgctttcttgectgtccaatttctattaaaggttectttgttcecctaagtec
aactactaaactgggggatattatgaagggccttgagcatctggattctgectaataaaaaacat
ttattttcattgcaaaaaaaaaaaaaaaaanaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaasaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaactcggaagg
acatggtgtggaaagtccccaggctceccccagcaggcagaagtatgcaaagcatgecatctcaatta
gtcagcaaccaggtgtggaaagtccccaggctceccececcagcaggcagaagtatgcaaagcatgecatce
tcaattagtcagcaaccaaattaaagtaacccataacttcgtatagcatacattatacgaagtta
tgaagttcctattctctagaaagtataggaacttctagtcacctatttcagcatactacgcgegt
agtatgctgaaataggtttatcagcacacaatagtccattatacgcgecgtataatggcaattgtg
tgctgattgggttactttaatttggatccgtcgaccgatgcecttgagagecttcaacccagtea
gctecctteecggtgggcegeggggcatgactatecgtegecgecacttatgactgtettetttatecatg
caactcgtaggacaggtgccggcagegctcecttcececgettcecctegctcactgactcgetgecgetegg
tcgttecggctgcggecgageggtatcagctcactcaaaggcggtaatacggttatccacagaatcea
ggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggce
cgcgttgetggegttttteccataggctececgecccecctgacgagcatcacaaaaatcgacgetcaa
gtcagaggtggcgaaacccgacagdactataaagataccaggcgtttccecectggaagcteecte
gtgcgctctectgttceccgaccctgecgettacecggatacctgtececgectttectececttecgggaag
cgtggcgctttctcatagctcacgectgtaggtatctcagtteggtgtaggtecgttecgetccaagce
tgggctgtgtgcacgaaccceccgttcageeccgaccgetgegecttateccggtaactatecgtett
gagtccaacccggtaagacacgacttatcgccactggcagcagccactggtaacaggattagecag
agcgaggtatgtaggcggtgctacagagttcttgaagtggtggcctaactacggctacactagaa
gaacagtatttggtatctgcgctectgctgaagccagttaccttecggaaaaagagttggtagetcet
tgatccggcaaacaaaccaccgctggtageggtggtttttttgtttgcaagcagcagattacgeg
cagaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctgacgctcagtggaacyg
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aaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatcctttta
aattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttacca
atgcttaatcagtgaggcacctatctcagecgatctgtctatttcgttcateccatagttgectgac
tccecgtegtgtagataactacgatacgggagggcttaccatctggecccagtgetgcaatgata
ccgcgagacccacgctcaccggcectceccagatttatcagcaataaaccageccagecggaagggcecga
gcgcagaagtggtcectgcaactttatccgectceccatccagtctattaattgttgecgggaagceta
gagtaagtagttcgccagttaatagtttgcgcaacgttgttgccattgctacaggcatecgtggtg
tcacgctcgtegtttggtatggcttcattcagcteccggttececcaacgatcaaggcgagttacatyg
atcccccatgttgtgcaaaaaageggttagctceccttceggtecteccgatecgttgtcagaagtaagt
tggccgcagtgttatcactcatggttatggcagcactgcataattctcecttactgtcatgeccatcece
gtaagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgecggeg
accgagttgctcttgccecggegtcaatacgggataataccgecgeccacatagcagaactttaaaag
tgctcatcattggaaaacgttcttcecggggcgaaaactctcaaggatcttacecgectgttgagatece
agttcgatgtaacccactcgtgcacccaactgatcttcagecatcttttactttcaccagegttte
tgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaaggdaataagggcgacacggaaatgtt
gaatactcatactcttcctttttcaatattattgaagcatttatcagggttattgtctcatgage
ggatacatatttgaatgtatttagaaaaataaacaaataggggttccgecgcacatttcceccgaaa
agtgccacctgacgcgccctgtageggegecattaagegeggegggtgtggtggttacgegeageg
tgaccgctacacttgccagegcecctagegeccgetectttegetttetteecttectttectegece
acgttcgceggctttcccegtcaagctctaaatecgggggeteccctttagggttececgatttagtge
tttacggcacctcgaccccaaaaaacttgattagggtgatggttcacgtagtgggccatcgeect
gatagacggtttttcgeccecctttgacgttggagtccacgttctttaatagtggactcttgttccaa
actggaacaacactcaaccctatctecggtctattecttttgatttataagggattttgecgattte
ggcctattggttaaaaaatgagctgatttaacaaaaatttaacgcgaattttaacaaaatattaa
cgcttacaatttgccattcecgecattcaggectgecgcaactgttgggaagggcgatecggtgegggec
tcttegctattacgccagecccaagectaccatgataagtaagtaatattaaggtacgtggaggttt
tacttgctttaaaaaacctcccacacctccececctgaacctgaaacataaaatgaatgcaattgtt
gttgttaacttgtttattgcagcttataatggttacaaataaagcaatagcatcacaaatttcac
aaataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatcttatg
gtactgtaactgagctaacataa

SEQ ID NO:45 4-6-pGL2-SS*-CMYV enhancer-EF1-UTR1-SecNLuc-2A-eGFP-WPRE-
3’UTR(108 to 120 polyA)-SS*

cccgggaggtaccgagcetcecttacgegtgctagaattaaagtaacccaatcagcacacaattgecceca
ttatacgcgcgtataatggactattgtgtgctgataaacctatttcagcatactacgecgegtagt
atgctgaaataggtgactagaagttcctatactttctagagaataggaacttcataacttegtat
aatgtatgctatacgaagttatgggttactttaatttggttgctgactaattgagatgcatgett
tgcatacttctgcctgctggggagectggggactttecacacctggttgctgactaattgagatg
catgctttgcatacttctgectgectggggagecctggggactttccacaccecectgggtegacgaca
ttgattattgactagttattaatagtaatcaattacggggtcattagttcatagcccatatatgg
agttccgcgttacataacttacggtaaatggcccecgectggectgaccgeccaacgacceccgecca
ttgacgtcaataatgacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatyg
ggtggagtatttacggtaaactgcccacttggcagtacatcaagtgtatcatatgccaagtacge
ccccectattgacgtcaatgacggtaaatggecccgectggcattatgececcagtacatgaccttatgg
gactttcctacttggcagtacatctacgtattagtcatcgctattaccatggggcagagcgecaca
tcgcecccacagtceccecccgagaagttggggggaggggtcecggcaattgaaccggtgectagagaaggtyg

gcgcggggtaaactgggaaagtgatgtcecgtgtactggetcegecttttteccgagggtgggggag
aaccgtatataagtgcagtagtcgccgtgaacgttetttttegcaacgggtttgecgeccagaaca



WO 2022/264095 PCT/1B2022/055620
- 141 -

cagctgccttectecectectgtgagtttggtaagtcgacgggecgggectgggecgggtecgggec
gggtcgttggatccccactacageccgatactcaagcttgacgaattcgagtateccaaggtagtyg
gactagtgtgacgctgctgacccectttctttceccecttctgecaggttggtgtacagtagecttecaaa
ttgattaattcgagcgaacgcgtcgccaccatgaactcecttectceccacaagegectteggtecagt
tgccttctcececctgggectgectectggtgttgectgetgecttecctgecccagtettcacacteg
aagatttcgttggggactggcgacagacagccggctacaacctggaccaagtceccttgaacaggga
ggtgtgtccagtttgtttcagaatctcggggtgtecgtaactceccgatccaaaggattgtectgag
cggtgaaaatgggctgaagatcgacatccatgtcatcatccegtatgaaggtectgageggcgacc
aaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtg
atcctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttecggacg
gccgtatgaaggcatcgcecegtgttcgacggcaaaaagatcactgtaacagggaccctgtggaacg
gcaacaaaattatcgacgagcgcctgatcaaccececgacggctceccecectgetgtteccgagtaaccatce
aacggagtgaccggctggeggctgtgcgaacgcattctggeggectagegetactaacttcagect
gctgaagcaggctggagacgtggaggagaaccctggacctggaagcggagagggcagaggaagtce
tgctaacatgcggtgacgtcgaggagaatcctggacctggateccggaatggtgagcaagggegag
gagctgttcaccggggtggtgceccatcecctggtcgagectggacggecgacgtaaacggccacaagtt
cagcgtgtccggcgagggcgagggcgatgecacctacggcaagectgacecctgaagttcatcectgea
ccaccggcaagctgececegtgecctggeccaccectegtgaccacecctgacctacggegtgecagtgce
ttcagccgcectacceccgaccacatgaagcagcacgacttcecttcaagtecgeccatgeccgaaggeta
cgtccaggagcgcaccatcttcttcaaggacgacggcaactacaagacccgecgeccgaggtgaagt
tcgagggcgacaccctggtgaaccgcatcgagctgaagggcatcgacttcaaggaggacggcaac
atcctggggcacaagctggagtacaactacaacagccacaacgtctatatcatggeccgacaagca
gaagaacggcatcaaggtgaacttcaagatccgccacaacatcgaggacggcagecgtgcageteg
ccgaccactaccagcagaacacccceccatecggecgacggeccegtgetgetgeececgacaaccactac
ctgagcacccagtccgceccctgagcaaagaccccaacgagaagcegcecgatcacatggtectgetgga
gttcgtgaccgccgeccgggatcactctecggcatggacgagectgtacaagtaaaatcaacctectgg
attacaaaatttgtgaaagattgactggtattcttaactatgttgctccttttacgctatgtgga
tacgctgctttaatgcctttgtatcatgctattgectteccegtatggetttecattttectectectt
gtataaatcctggttgctgtctcectttatgaggagttgtggeccegttgtcaggcaacgtggegtgg
tgtgcactgtgtttgctgacgcaacccccactggttggggcattgeccaccacctgtcagectecett
tcecgggactttegettteccecececteectattgeccacggeggaactcategecgectgecttgeeeg
ctgctggacaggggctcggectgttgggcactgacaattccgtggtgttgtcggggaaatcategt
cctttecttggctgetecgectgtgttgeccacctggattctgegegggacgtecttetgetacgte
ccttcecggecectcaatccageggaccttecttecegeggectgetgeecggetcetgeggectettece
gcgtcecttegecttegecctecagacgagteggatectecctttgggecgecteccegegetegettt
cttgctgtccaatttctattaaaggttcecctttgttcectaagtccaactactaaactgggggata
ttatgaagggccttgagcatctggattctgectaataaaaaacatttattttecattgcaagetcg
ctttcttgctgtccaatttctattaaaggttcctttgttccctaagteccaactactaaactgggg
gatattatgaagggccttgagcatctggattctgectaataaaaaacatttattttcattgcaaa
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaactcggaaggacatggtgtggaaagt
ccccaggctecccagcaggcagaagtatgcaaagcatgcatcectcaattagtcagcaaccaggtgt
ggaaagtccccaggctccceccagcaggcagaagtatgcaaagcatgecatctcaattagtcagecaac
caaattaaagtaacccataacttcgtatagcatacattatacgaagttatgaagttcctattcte
tagaaagtataggaacttctagtcacctatttcagcatactacgcgegtagtatgctgaaatagg
tttatcagcacacaatagtccattatacgcgecgtataatggcaattgtgtgectgattgggttact
ttaatttggatccgtcgaccgatgececttgagagecttcaacccagtcagetectteeggtggge
gcggggcatgactatcgtcegceccgecacttatgactgtcecttetttatcatgecaactegtaggacagyg
tgccggcagegctcecttceccgettecctegectecactgactegetgegeteggtegttecggetgeggeg
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agcggtatcagctcactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaa
agaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgegttgetggegttt
ttccataggctccgeccecectgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaa
cccgacaggactataaagataccaggegtttceccececctggaagctcececctegtgegetcectectgtte
cgaccctgceccgettaccggatacctgtececgectttecteccttecgggaagegtggegetttetecat
agctcacgctgtaggtatctcagttcecggtgtaggtegttegectceccaagectgggetgtgtgecacga
acccceccececgttcecageccgaccgetgegecttateceggtaactategtecttgagtccaacceggtaa
gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtagge
ggtgctacagagttcttgaagtggtggcctaactacggctacactagaagaacagtatttggtat
ctgcgctcectgctgaagceccagttaccttcggaaaaagagttggtagectcttgatccggcaaacaaa
ccaccgctggtagecggtggtttttttgtttgcaagcagcagattacgecgcagaaaaaaaggatcet
caagaagatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagg
gattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagtt
ttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgag
gcacctatctcagcgatctgtctatttcgttcateccatagttgectgacteccecgtegtgtagat
aactacgatacgggagggcttaccatctggccccagtgctgcaatgataccgecgagacccacgcet
caccggctccagatttatcagcaataaaccagccagcecggaagggccgagegecagaagtggtect
gcaactttatccgectccatccagtctattaattgttgececgggaagectagagtaagtagttegece
agttaatagtttgcgcaacgttgttgccattgectacaggcatecgtggtgtcacgetegtegtttyg
gtatggcttcattcagctcecggtteccaacgatcaaggcgagttacatgatceccceccatgttgtge
aaaaaagcggttagctccttcecggtectcecgatcgttgtcagaagtaagttggeccgecagtgttate
actcatggttatggcagcactgcataattctcttactgtcatgccatcecgtaagatgettttcectg
tgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgetettge
ccggcegtcaatacgggataataccgegccacatagcagaactttaaaagtgectcatcattggaaa
acgttcttcggggcgaaaactctcaaggatcttaccgectgttgagatccagttcgatgtaaccca
ctcgtgcacccaactgatcttcagcatcttttactttcaccagcgtttctgggtgagcaaaaaca
ggaaggcaaaatgccgcaaaaaagdgaataagggcgacacggaaatgttgaatactcatactctt
cctttttcaatattattgaagcatttatcagggttattgtctcatgagcggatacatatttgaat
gtatttagaaaaataaacaaataggggttccgcgcacatttcccecgaaaagtgccacctgacgeg
ccectgtageggegecattaagegeggegggtgtggtggttacgegecagegtgaccgectacacttge
cagcgccctagcgeccgctectttegetttetteccttectttectegecacgttegeeggettte
cccgtcaagectctaaatcgggggcectecctttagggttecgatttagtgectttacggcacctcecgac
cccaaaaaacttgattagggtgatggttcacgtagtgggccatcgecectgatagacggttttteg
ccctttgacgttggagtccacgttcectttaatagtggactcecttgttccaaactggaacaacactceca
accctatctcecggtcectattettttgatttataagggattttgecgatttecggectattggttaaaa
aatgagctgatttaacaaaaatttaacgcgaattttaacaaaatattaacgcttacaatttgcca
ttcgeccattcaggctgcgcaactgttgggaagggcgatcggtgecgggectcettegetattacgec
agcccaagctaccatgataagtaagtaatattaaggtacgtggaggttttacttgectttaaaaaa
cctcccacacctccecectgaacctgaaacataaaatgaatgcaattgttgttgttaacttgttta
ttgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaagcatttttt
tcactgcattctagttgtggtttgtccaaactcatcaatgtatcttatggtactgtaactgagcet
aacataa

SEQ ID NO:46 3 copies of Enhancer-1

gggactttccggggcggggcacgtggtgcacgggacttteecgtgecacgtgecacgggactttececgg
gactttccgggactttceccgtgcaccacgtggggactttecgtgcacgggactttceccggggegggg

cacgtggtgcacgggactttccgtgcacgtgcacgggactttccgggacttteccgggacttteeg
tgcaccacgtggggactttccgtgcacgggactttcecggggeggggcacgtggtgcacgggactt
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tccgtgcacgtgcacgggactttccgggactttccgggactttcegtgcaccacgtggggacttt
ccgtgcac

SEQ ID NO:47 chimeric intron

ggagtcgctgecgttgceccttcecgececcgtgeccegetecgegecgectegegecgeccgececggetet
gactgaccgcgttactcccacaggtgagcgggecgggacggcecccttctecteecgggetgtaattageg
cttggtttaatgacggctegtttettttectgtggectgegtgaaagecttaaagggetcececgggagggce
cctttgtgcgggggggagcggctcggggggtgcgtgecgtgtgtgtgtgecgtggggagcgeccgegtge
ggctccgcecgectgceceecggeggctgtgagegetgegggegeggegeggggetttgtgegeteegecagtyg
tgcgcgaggggagcgcggecgggggcggtgcceccgeggtgcggggggggectgcgaggggaacaaagy
ctgcgtgcggggtgtgtgcgtgggggggtgagcagggggtgtgggcgeggecggtegggetgtaacee
cccectgecacccecccecteccegagttgetgagecacggeceggettegggtgeggggetecgtacgggyg
cgtggcgcggggctcgecgtgeccgggcggggggtggecggcaggtgggggtgccgggcggggcggggce
cgcctcgggceccggggagggctcgggggaggggcgecggecggecoccceggagegecggeggetgtcecgagg
cgcggcgagccgcagceccattgecttttatggtaatcgtgecgagagggecgcagggacttcecctttgtee
caaatctgtgcggagccgaaatctgggaggcgccgecgcaccccecctcectagecgggegeggggecgaagce
ggtgcggcgccecggcaggaaggaaatgggcggggagggcecttegtgegtegecgegeecgeegteccecet
tctecectetecagecteggggectgtecgeggggggacggcectgecttegggggggacggggcagggceyg
gggttcggecttctggegtgtgaccggeggetcectagagectetgectaaccatgttcatgecttettet
ttttecctacag

[0425] The disclosure is not to be limited in scope by the specific aspects described
herein. Indeed, various modifications of the disclosure in addition to those described will
become apparent to those skilled in the art from the foregoing description and
accompanying figures. Such modifications are intended to fall within the scope of the

appended claims.

Other aspects are within the following claims.



WO 2022/264095

PCT/1B2022/055620
- 144 -

WHAT IS CLAIMED IS:

An expression vector comprising:

@
(b)

©

a backbone sequence,

a sequence comprising;

()
(i)

(iif)

@iv)

an expression cassette comprising a nucleic acid sequence of interest,

a first target sequence for a first recombinase flanking the 5' side of the
expression cassette,

a second target sequence for the first recombinase flanking the 3' side of
the expression cassette, and

one or more additional target sequences for one or more additional
recombinases integrated within the first and second target sequences in

non-binding regions for the first recombinase, and

one or more of:

(@)

(i)

(iii)

@iv)

™)

an endonuclease target sequence integrated within the first and/or second
target sequences for the first recombinase in non-binding regions for the
first recombinase and the one or more additional recombinases, wherein
the endonuclease target sequence is between the backbone sequence and
cleavage sites for the first recombinase and the one or more additional
recombinases,

a synthetic enhancer comprising a nucleic acid sequence at least about
90% identical to SEQ ID NO:12 integrated between the 3' end of the first
target sequence for the first recombinase and the 5' end of another
enhancer or a promoter in the expression cassette,

a cytomegalovirus (CMV) enhancer integrated between the 3' end of the
first target sequence for the first recombinase and the 5' end of a promoter
in the expression cassette,

a 5' untranslated region (5'UTR) comprising an intron, wherein the S'UTR
is integrated in the expression cassette between a promoter and the nucleic
acid sequence of interest,

a vertebrate chromatin insulator integrated in the expression cassette

between the nucleic acid of interest and a polyadenylation signal,
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(vi)  awoodchuck hepatitis virus post-transcriptional regulatory element
(WPRE) integrated in the expression cassette between the nucleic acid of
interest and a polyadenylation signal,

(vil)  a scaffold/matrix attachment region (S/MAR) integrated in the expression
cassette between the nucleic acid of interest and a polyadenylation signal,
or

(viii)) a DNA nuclear targeting sequence (DTS) integrated within the first and/or
second target sequences for the first recombinase in non-binding regions
for the first recombinase and the one or more additional recombinases,
wherein the DTS is between the expression cassette and cleavage sites for

the first recombinase and the one or more additional recombinases.

The expression vector of claim 1, comprising an endonuclease target sequence integrated
within the first and/or second target sequences for the first recombinase in non-binding
regions for the first recombinase and the one or more additional recombinases, wherein
the endonuclease target sequence is between the backbone sequence and cleavage sites

for the first recombinase and the one or more additional recombinases.

The expression vector of claim 1 or 2, comprising the endonuclease target sequence

integrated within the first and second target sequences for the first recombinase.

The expression vector of any one of claims 1-3, wherein the endonuclease target sequence

is for a homing endonuclease.

The expression vector of any one of claims 1-4, wherein the endonuclease target sequence
is for I-Anil, I-Ceul, I-Chul, I-Cpal, I-Cpall, I-Crel, I-Dmol, H-Drel, I-Hmul, I-HmulI, I-
Llal, I-Msol, PI-Pful, PI-Pkoll, I-Porl, I-Ppol, PI-Pspl, I-Scal, I-Scel, PI-Scel, I-Scell, I-
SeclII, I-ScelV, I-SceV, I-Sce VI, I-SceVIL, I-Ssp68031, I-Tevl, I-Tevll, I-TevIIL, PI-THiL,
PI-THII, I-Tsp0611, or I-Vdi1411.

The expression vector of any one of claims 1-5, wherein the endonuclease target sequence

is for I-Scel.

The expression vector of any one of claims 1-5, wherein the endonuclease target sequence

is for PI-Scel.
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The expression vector of any one of claims 1-3, wherein the endonuclease target sequence

is for a Cas endonuclease.
The expression vector of claim 8, wherein the Cas endonuclease is Cas9.

The expression vector of any one of claims 1-9, comprising a synthetic enhancer
comprising a nucleic acid sequence at least about 90% identical to SEQ ID NO:12
integrated between the 3' end of the first target sequence for the first recombinase and the

5" end of another enhancer or a promoter in the expression cassette.

The expression vector of claim 10, wherein the synthetic enhancer comprises multiple
contiguous copies of a nucleic acid sequence at least about 90% identical to SEQ ID
NO:12.

The expression vector of claim 11, wherein the synthetic enhancer comprises a nucleic

acid sequence at least about 90% identical to SEQ ID NO:46.

The expression vector of any one of claims 10-12, wherein the synthetic enhancer is

integrated at the 5' end of a chicken B-actin promoter.

The expression vector of claim 13, comprising a chimeric intron comprising a nucleic
acid sequence at least about 90% identical to SEQ ID NO:47 integrated at the 3' end of

the chicken B-actin promoter and 5' to the nucleic acid sequence of interest.

The expression vector of any one of claims 1-14, comprising a CMV enhancer integrated
between the 3' end of the first target sequence for the first recombinase and the 5' end of a

promoter in the expression cassette.

The expression vector of claim 15, wherein the CMV enhancer is integrated at the 3' end
of a synthetic enhancer comprising a nucleic acid sequence at least about 90% identical to

SEQ ID NO:12 or SEQ ID NO:46.

The expression vector of claim 15 or 16, wherein a CMV promoter is integrated at the 3'

end of the CMV enhancer and 5' to the nucleic acid sequence of interest.

The expression vector of any one of claims 1-9, comprising a nucleic acid sequence at

least about 90% identical to SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID
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NO:38, or SEQ ID NO:39 integrated between the first target sequence for the first

recombinase and the nucleic acid sequence of interest.

The expression vector of any one of claims 1-9, comprising a S'UTR comprising an
intron, wherein the 5'UTR is integrated in the expression cassette between a promoter and

the nucleic acid sequence of interest.

The expression vector of claim 19, wherein the intron comprises a nucleic acid sequence

at least about 90% identical to SEQ ID NO:1.

The expression vector of claim 19 or 20, further comprising a non-coding sequence

integrated within the intron.

The expression vector of claim 20, further comprising a non-coding sequence integrated
between two of the nucleotides in the intron corresponding to any two nucleotides from

positions 25 to 55 of SEQ ID NO:1.
The expression vector of claim 21 or 22, wherein the non-coding sequence is an S/MAR.
The expression vector of claim 23, wherein the S/MAR is MAR-5.

The expression vector of claim 19, wherein the 5'UTR comprises a nucleic acid sequence

at least about 90% identical SEQ ID NO:3.

The expression vector of claim 19, wherein the S'UTR comprises a nucleic acid sequence

at least about 90% identical SEQ ID NO:5.

The expression vector of any one of claims 19-26, wherein the promoter is a chicken [-

actin promoter.

The expression vector of any one of claims 19-26, wherein the promoter is a CMV

promoter.

The expression vector of any one of claims 19-28, wherein the promoter is integrated at

the 3' end of a CMV enhancer.
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The expression vector of claim 29, wherein the CMV enhancer is integrated at the 3' end
of a synthetic enhancer comprising a nucleic acid sequence at least about 90% identical to

SEQ ID NO:12 or SEQ ID NO:46.

The expression vector of any one of claims 1-30, wherein a polyadenylation signal is

integrated at the 3' end of the nucleic acid sequence of interest.

The expression vector of claim 31, wherein the polyadenylation signal comprises a
nucleic acid sequence at least about 90% identical to SEQ ID NO:13, SEQ ID NO:14, or
SEQ ID NO:15.

The expression vector of any one of claims 1-30, comprising a vertebrate chromatin
insulator integrated in the expression cassette between the nucleic acid of interest and a

polyadenylation signal.

The expression vector of claim 33, wherein the vertebrate chromatin insulator is 5'-HS4

chicken-B-globin insulator (cHS4).

The expression vector of any one of claims 1-30 or 33-34, comprising a WPRE integrated
in the expression cassette between the nucleic acid of interest and a polyadenylation

signal.

The expression vector of any one of claims 1-30 or 33-35, comprising a S/MAR
integrated in the expression cassette between the nucleic acid of interest and a

polyadenylation signal.
The expression vector of claim 36, wherein the S/MAR is MAR-5.

The expression vector of any one of claims 33-37, wherein the polyadenylation signal
comprises a nucleic acid sequence at least about 90% identical to SEQ ID NO:13, SEQ
ID NO:14, or SEQ ID NO:15.

The expression vector of any one of claims 2-38, further comprising an enhancer
sequence flanking each side of the first and second target sequences for the first

recombinase.
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The expression vector of claim 39, comprising at least two enhancer sequences flanking

each side of the first and second target sequences for the first recombinase.

The expression vector of claim 39 or 40, wherein the enhancer sequence is a SV40

enhancer sequence.

The expression vector of any one of claims 1-38, comprising a DTS integrated within the
first and/or second target sequences for the first recombinase in non-binding regions for
the first recombinase and the one or more additional recombinases, wherein the DTS is
between the expression cassette and cleavage sites for the first recombinase and the one

or more additional recombinases.
The expression vector of claim 42, wherein the DTS is a SV40 enhancer sequence.
The expression vector of claim 42, wherein the DTS is cell-specific.

The expression vector of any one of claims 1-44, wherein the first and second target
sequences and the one or more additional target sequences are selected from the group
consisting of the PY54 pal site, the N15 telRL site, the 1oxP site, K02 telRL site, the
FRT site, the phiC31 attP site, and the A attP site.

The expression vector of claim 45, wherein the expression vector comprises each of the

target sequences.

The expression vector of claim 45 or 46, wherein the expression vector comprises the pal
site and the telRL, loxP, and FRT recombinase target binding sequences integrated within

the pal site.

The expression vector of any one of claims 1-47, wherein the first and second target
sequences for the first recombinase each comprise the nucleic acid sequence of SEQ ID

NO:33.

The expression vector of any one of claims 1-48, wherein the expression vector is for

producing a bacterial sequence-free vector.

The expression vector of claim 49, wherein the bacterial sequence-free vector is a circular

covalently closed vector.
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The expression vector of claim 49, wherein the bacterial sequence-free vector is a linear

covalently closed vector.

A vector production system comprising recombinant cells encoding a recombinase under
the control of an inducible promoter, wherein the recombinant cells comprise the
expression vector of any one of claims 1-51, and wherein the recombinase targets the first
and second target sequences for the first recombinase or one of the one or more additional

target sequences for the one or more additional recombinases in the expression vector.

The vector production system of claim 52, wherein the recombinase is TelN, Tel, Cre, or

Flp.

The vector production system of claim 52 or 53, wherein the recombinant cells further
encode an endonuclease under the control of an inducible promoter, wherein the
endonuclease targets the endonuclease target sequence in an expression vector comprising

the endonuclease target sequence.

The vector production system of claim 54, wherein the endonuclease is a homing

endonuclease.

The vector production system of claim 55, wherein the homing endonuclease is I-Anil, I-
Ceul, I-Chul, I-Cpal, I-Cpall, I-Crel, I-Dmol, H-Drel, I-Hmul, I-Hmull, I-Llal, I-Msol,
PI-Pful, PI-Pkoll, I-Porl, I-Ppol, PI-Pspl, I-Scal, I-Scel, PI-Scel, I-Scell, I-SeclIl, I-
ScelV, I-SceV, I-SceVI, I-SceVIL, I-Ssp68031L, I-Tevl, I-Tevll, I-TevIIL, PI-Tll, PI-THIL,
[-Tsp0611, or I-Vdi1411.

The vector production system of any one of claims 54-56, wherein the endonuclease is I-

Scel.

The vector production system of any one of claims 54-56, wherein the endonuclease is

PI-Scel.

The vector production system of claim 54, wherein the recombinant cells encode a

nuclease genome editing system comprising the endonuclease.
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The vector production system of claim, 59 wherein the nuclease genome editing system is
a clustered regularly interspaced short palindromic repeats (CRISPR) nuclease system

comprising a guide RNA and a Cas endonuclease.
The vector production system of claim 60, wherein the Cas endonuclease is Cas9.

The vector production system of any one of claims 52-61, wherein the inducible promoter
is thermally-regulated, chemically-regulated, IPTG regulated, glucose-regulated,
arabinose inducible, T7 polymerase regulated, cold-shock inducible, pH inducible, or

combinations thereof.

A method of producing a bacterial sequence-free vector comprising incubating the vector
production system of any one of claims 52-62 under suitable conditions for expression of

the recombinase.

The method of claim 63, further comprising incubating the vector production system of

any one of claims 38-46 under suitable conditions for expression of the endonuclease.

The method of claim 63 or 64, further comprising incubating the vector production
system of any one of claims 59-62 under suitable conditions for expression of the

nuclease genome editing system.

The method of any one of claims 63-65, further comprising harvesting the bacterial

sequence-free vector.
A bacterial sequence-free vector produced by the method of any of claims 63-66.

A bacterial sequence-free vector comprising:
(a) an expression cassette comprising a nucleic acid sequence of interest, and
(b) one or more of:
@) a synthetic enhancer comprising a nucleic acid sequence at least about
90% identical to SEQ ID NO:12 located 5' to another enhancer or a
promoter in the expression cassette,

(i)  a CMV enhancer located 5' to a promoter in the expression cassette,
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(iii)  a S'UTR comprising an intron, wherein the S'UTR is integrated in the
expression cassette between a promoter and the nucleic acid sequence of
interest,

(iv)  avertebrate chromatin insulator integrated in the expression cassette
between the nucleic acid of interest and a polyadenylation signal,

V) a WPRE integrated in the expression cassette between the nucleic acid of
interest and a polyadenylation signal,

(vi)  a S/MAR integrated in the expression cassette between the nucleic acid of
interest and a polyadenylation signal, or

(vii) a DTS located 5' to the expression cassette.

The bacterial sequence-free vector of claim 68, comprising a synthetic enhancer
comprising a nucleic acid sequence at least about 90% identical to SEQ ID NO:12 located

5'to another enhancer or a promoter in the expression cassette.

The bacterial sequence-free vector of claim 69, wherein the synthetic enhancer comprises
multiple contiguous copies of a nucleic acid sequence at least about 90% identical to SEQ

ID NO:12.

The bacterial sequence-free vector of claim 70, wherein the synthetic enhancer comprises

a nucleic acid sequence at least about 90% identical to SEQ ID NO:46.

The bacterial sequence-free vector of any one of claims 69-71, wherein the synthetic

enhancer is integrated at the 5' end of a chicken B-actin promoter.

The bacterial sequence-free vector of claim 72, comprising a chimeric intron comprising
a nucleic acid sequence at least about 90% identical to SEQ ID NO:47 integrated at the 3'

end of the chicken B-actin promoter and 5' to the nucleic acid sequence of interest.

The bacterial sequence-free vector of claim 68, comprising a CMV enhancer located 5' to

a promoter in the expression cassette.

The bacterial sequence-free vector of claim 74, wherein the CMV enhancer is integrated
at the 3' end of a synthetic enhancer comprising a nucleic acid sequence at least about

90% identical to SEQ ID NO: 12 or SEQ ID NO:46.
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The bacterial sequence-free vector of claim 74 or 75, wherein a CMV promoter is
integrated at the 3' end of the CMV enhancer and 5' to the nucleic acid sequence of

interest.

The bacterial sequence-free vector of claim 68, comprising a nucleic acid sequence at
least about 90% identical to SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID
NO:38, or SEQ ID NO:39 located 5' to the nucleic acid sequence of interest.

The bacterial sequence-free vector of claim 68, comprising a S'UTR comprising an intron,
wherein the 5'UTR is integrated in the expression cassette between a promoter and the

nucleic acid sequence of interest.

The bacterial sequence-free vector of claim 78, wherein the intron comprises a nucleic

acid sequence at least about 90% identical to SEQ ID NO:1

The bacterial sequence-free vector of claim 78 or 79, further comprising a non-coding

sequence integrated within the intron.

The bacterial sequence-free vector of claim 79, further comprising a non-coding sequence
integrated between two of the nucleotides in the intron corresponding to any two

nucleotides from nucleotide positions 25 and 55 of SEQ ID NO:1.

The bacterial sequence-free vector of claim 80 or 81, wherein the non-coding sequence is

an S/MAR.
The bacterial sequence-free vector of claim 82, wherein the S/MAR is MAR-5.

The bacterial sequence-free vector of claim 78, wherein the 5'UTR comprises a nucleic

acid sequence at least about 90% identical SEQ ID NO:3.

The bacterial sequence-free vector of claim 78, wherein the S'UTR comprises a nucleic

acid sequence at least about 90% identical SEQ ID NO:5.

The bacterial sequence-free vector of any one of claims 78-85, wherein the promoter is a

chicken B-actin promoter.
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The bacterial sequence-free vector of any one of claims 78-85, wherein the promoter is a

CMYV promoter.

The bacterial sequence-free vector of any one of claims 78-87, wherein the promoter is

integrated at the 3' end of a CMV enhancer.

The bacterial sequence-free vector of claim 88, wherein the CMV enhancer is integrated
at the 3' end of a synthetic enhancer comprising a nucleic acid sequence at least about

90% identical to SEQ ID NO:12 or SEQ ID NO:46.

The bacterial sequence-free vector of any one of claims 68-89, wherein a polyadenylation

signal is integrated at the 3' end of the nucleic acid sequence of interest.

The bacterial sequence-free vector of claim 90, wherein the polyadenylation signal
comprises a nucleic acid sequence at least about 90% identical to SEQ ID NO:13, SEQ
ID NO:14, or SEQ ID NO:15.

The bacterial sequence-free vector of any one of claims 68-89, comprising a vertebrate
chromatin insulator integrated in the expression cassette between the nucleic acid of

interest and a polyadenylation signal.

The bacterial sequence-free vector of claim 92, wherein the vertebrate chromatin insulator

is cHS4.

The bacterial sequence-free vector of any one of claims 68-89 or 92-93, comprising a
WPRE integrated in the expression cassette between the nucleic acid of interest and a

polyadenylation signal.

The bacterial sequence-free vector of any one of claims 68-89 or 92-94, comprising a
S/MAR integrated in the expression cassette between the nucleic acid of interest and a

polyadenylation signal.
The bacterial sequence-free vector of claim 95, wherein the S/MAR is MAR-5.

The bacterial sequence-free vector of any one of claims 92-96, wherein the
polyadenylation signal comprises a nucleic acid sequence at least about 90% identical to

SEQ ID NO:13, SEQ ID NO:14, or SEQ ID NO:15.
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The bacterial sequence-free vector of any one of claims 68-97, further comprising an

enhancer sequence flanking each side of the expression cassette.

The bacterial sequence-free vector of claim 98, comprising at least two enhancer

sequences flanking each side of the expression cassette.

The bacterial sequence-free vector of claim 98 or 99, wherein the enhancer sequence is a

SV40 enhancer sequence.

The bacterial sequence-free vector of any one of claims 68-97, comprising a DTS located

5'to the expression cassette.

The bacterial sequence-free vector of claim 101, wherein the DTS is a SV40 enhancer

sequence.
The bacterial sequence-free vector of claim 101, wherein the DTS is cell-specific.

The bacterial sequence-free vector of any one of claims 68-103, which is a circular

covalently closed vector.

The bacterial sequence-free vector of any one of claims 68-103, which is a linear

covalently closed vector.

A recombinant cell comprising the expression vector of any one of claims 1-51 or the

bacterial sequence-free vector of any one of claims 67-105.

A composition comprising the expression vector of any one of claims 1-51 or the

bacterial sequence-free vector of any one of claims 67-105.
The composition of claim 107, further comprising a delivery agent.
The composition of claim 108, wherein the delivery agent is a nanoparticle.

The composition of claim 108 or 109, wherein the delivery agent comprises a targeting

ligand.

The composition of any one of claims 107-110, which is a pharmaceutical composition

further comprising a pharmaceutically acceptable carrier.
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A method of treating a disease or disorder in a subject in need thereof, comprising
administering to the subject the expression vector of any one of claims 1-51, the bacterial
sequence free vector of any one of claims 67-105, or the pharmaceutical composition of

claim 111.

A polynucleotide comprising a nucleic acid sequence at least about 90% identical to SEQ

ID NO:1.

A polynucleotide comprising a nucleic acid sequence at least about 90% identical to SEQ

ID NO:2.

A polynucleotide comprising a nucleic acid sequence at least about 90% identical to SEQ
ID NO:3.

A polynucleotide comprising a nucleic acid sequence at least about 90% identical to SEQ

ID NO'5.

A polynucleotide comprising a nucleic acid sequence at least about 90% identical to SEQ

ID NO:12.

A polynucleotide comprising a nucleic acid sequence at least about 90% identical to SEQ

ID NO:46.

A polynucleotide comprising a nucleic acid sequence at least about 90% identical to SEQ

ID NO:13.

A polynucleotide comprising a nucleic acid sequence at least about 90% identical to SEQ
ID NO:14.

A polynucleotide comprising a nucleic acid sequence at least about 90% identical to SEQ

ID NO:15.

The polynucleotide of any one of claims 86-88, further comprising 100 to 120 adenine

nucleotides at the 3' end of the nucleic acid sequence.

A polynucleotide comprising a nucleic acid sequence at least about 90% identical to SEQ

ID NO:16.
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A polynucleotide comprising a nucleic acid sequence at least about 90% identical to SEQ

ID NO:17.

A polynucleotide comprising a nucleic acid sequence at least about 90% identical to SEQ

ID NO:18.

A polynucleotide comprising a nucleic acid sequence at least about 90% identical to SEQ

ID NO:35.

A polynucleotide comprising a nucleic acid sequence at least about 90% identical to SEQ

ID NO:36.

A polynucleotide comprising a nucleic acid sequence at least about 90% identical to SEQ
ID NO:37.

A polynucleotide comprising a nucleic acid sequence at least about 90% identical to SEQ

ID NO:38.

A polynucleotide comprising a nucleic acid sequence at least about 90% identical to SEQ

ID NO:39.
An expression vector comprising the polynucleotide of any one of claims 113-130.

An expression vector comprising the polynucleotide of any one of claims 114-116 and

the polynucleotide of any one of claims 119-125.

A method of gene editing comprising inserting a nucleic acid sequence of interest from
the expression vector of any one of claims 1-51, the bacterial sequence-free vector of any
one of claims 67-105, or the pharmaceutical composition of any one of claims 107-111

into a target site for gene editing.
The method of claim 133, wherein the gene editing is by non-homologous end joining.

The method of claim 133, wherein the gene editing is by homology-directed repair.



