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, (i1) a first target sequence for a first recombinase
flanking the 5' side of the expression cassette, (iii1) 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, (ii) 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,
[-Scell, I-Seclll, I-ScelV, I-SceV, I-SceVI, I-SceVII, [-Ssp68031, I-Tevl, I-Tevll, I-
TevlIll, PI-Tlil, PI-THIL 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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[0011] 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.

[0012] In some aspects, the expression vector comprises 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. In some aspects, the intron comprises a nucleic acid
sequence at least about 90% identical to SEQ ID NO:1. In some aspects, the STUTR
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 S’TUTR 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
CMYV 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.

[0013] 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.

[0014] 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.

[0015] 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.

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.

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.

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.

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 1oxP site, 9KO02 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.

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.

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-Porl, I-Ppol, PI-Pspl, I-Scal, I-Scel, PI-Scel,
[-Scell, I-Seclll, I-ScelV, I-SceV, I-SceVI, I-SceVII, [-Ssp68031, I-Tevl, I-Tevll, I-
TevlIll, PI-Tlil, PI-TUIL, 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: (1) 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, (i1) a CMYV enhancer located 5' to a promoter in the expression cassette, (iii) a
5'UTR comprising an intron, wherein the 5S'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 SYMAR 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 B-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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[0029] In some aspects, the bacterial sequence-free vector comprises 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. In some aspects, the intron comprises a nucleic
acid sequence at least about 90% identical to SEQ ID NO:1. In some aspects, the SUTR
further comprises a non-coding sequence integrated within the intron. In some aspects,
the 5S'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 S'UTR
comprises a nucleic acid sequence at least about 90% identical SEQ ID NO:5. In some
aspects, the promoter is a chicken -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.

[0030] 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.

[0031] 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.

[0032] 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.

[0033] 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 (1) 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-UTR1-
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 (S'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-UTR1-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 ug
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 pg/mL. (B) shows pg of GFP normalized
to ug of total protein. (C) shows pg 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,
*#x%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-CMYV-SecretedNanoLuc), or pcDNA-CMV-5'UTR-
SecNLuc-P2A-eGFP-bGHpA (LNP-Conv.pDNA-CMV-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-UTR1-
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-UTR1-
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-UTR1-
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: EI-CMV-U1-3'UTR), and
Figure 32 (C: EI-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
[CMV 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 [E1
X3+CBA promoter+introne]-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 [E1
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-UTR 1-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 S'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.

| 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 S5-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
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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 Systeme 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
(GOD)" 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.

[0127] 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.

[0128] 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.

[0129] 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 ireatment for a disease that patients diagnosed with the disease
are still altve), 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,



[0135]

[0136]

-24 -

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 vitro 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).e165 (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 e al.

[0137] msDNA vectors with LCC ends are torsion-free and not subject to gyrase-directed
negative supercoiling during their production in F. 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: (1) an expression cassette comprising a nucleic acid sequence of
interest, (i1) 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: (1) 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, (i1) 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, (ii1) 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.

[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-SeclIIl,
I-ScelV, I-SceV, I-Sce VL, I-SceVIL, I-Ssp6803L, I-Tevl, I-Tevll, I-TevIIL, PI-THL, PI-
TIIL, I-TspO611, 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),
Casl13 (e.g., Casl3a, Casl3b, 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 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 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 S'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 S'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 STUTR.

[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 S'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 5S'UTR with an internal minimal
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intron, also referred to herein as "5S'UTRI1." In some aspects, the S'UTR comprises the
nucleic acid sequence of SEQ ID NO:2.

[0156] In some aspects, the S'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 S'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 i1s MAR-5, provided herein as SEQ ID NO:9.

[0161] In some aspects, the S'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 S'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 S'UTR is integrated in the expression cassette between a
chicken B-actin promoter and the nucleic acid sequence of interest.

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

In some aspects, the S'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
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 ef 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 5'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 S'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 ef
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 S'UTR
as described herein.

[0174] In some aspects, the SSMAR 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 ef 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



-35-

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., Miiller-Kuller ef al., Nucleic Acids Res. 43(3): 1577-1592 (2015);,
Skipper et 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 5S'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 EF1-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 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.

[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 GAD67, 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 (RPE6S5, 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
VEGFR2 (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), pS3 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 IL24, e.g., for treating cancer, e.g., Ehrlich ascites tumor),
apoptotin and IL24 (e.g., for treating cancer, e.g., liver cancer), IL24 (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
(HGFKI1, 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), siRNA
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), sShRNA against
androgen receptor (AR, e.g., for treating cancer, e.g., prostate cancer), siRNA against
Snail (also known as SNA1, 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 ES, E6, and E7 oncogenes (HPV16
ES/E6/ET7, 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-f2). An exemplary aspect is shown in Figure 49. In some aspects, the expression
vector comprises a S'UTR (e.g., S'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.

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.

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

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.

In some aspects, the nucleic acid sequence of interest is for knockout of gene
expression associated with a target site for gene editing (i.e., gene silencing).

In some aspects, the nucleic acid sequence of interest is for in vivo gene editing.

In some aspects, the nucleic acid sequence of interest is for in vitro gene editing.

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).

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, TelN, 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 [-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-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,
[-Tevll, I-TevlIll, PI-Tlil, PI-TUIIl, I-Tsp0611, or [-Vdi1411. In some aspects, the
endonuclease is [-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, IL, ITI, 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., Casp9, xCas9, SpCas9-NG, SpCas9-NRRH, SpCas9-
NRCH, SpCas9-NRTH, SpG, SpRY), Cas3, Casl2 (e.g., Casl2a, Cas12b, Casl2c,
Casl12d, or Casl2e), Casl3 (e.g., Casl3a, Casl3b, 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
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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 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) 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 SYMAR 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 -

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

[0237] In some aspects, the S'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'TUTR.

[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 S'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 S'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 S'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 i1s MAR-5, provided herein as SEQ ID NO:9.

[0245] In some aspects, the S'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 S'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 S'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 S'UTR is integrated in the expression cassette between a
CMYV promoter and the nucleic acid sequence of interest.

[0249] In some aspects, the S'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 1is
integrated within the intron of a 5S'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.



-56 -

[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 S/MAR 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 Il 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 S'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



-57-

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 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.

[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, 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.

[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-f2). 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 5'UTR comprising an
intron, wherein the S'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 S'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 S'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 S'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-5, provided herein as SEQ ID NO:9.

[0297] In some aspects, the S'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 S'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
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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 vifro 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,
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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 vifro 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 vifro 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 S'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 HEK?293 cells

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

[0350] A complex of expression vector (1 ug) and lipofectamine (3 puL) 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 pL 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 S'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 S'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 5S'UTR containing an intron with an integrated
MAR-5 (i.e., 5UTR2, 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 ug) 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 uL 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-UTR1-
SecNLuc-2A-eGFP-WPRE-BGpA-SS* (S'UTR1+WPRE), or pGL2-SS*-CMV-UTR2-
SecNLuc-2A-eGFP-WPRE-BGpA-SS* (5S'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] HEK?293 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-UTR1-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 £. 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-UTR1-
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 (7.e., pcDNA-CMV-5'UTR-SecNLuc-P2A-eGFP-bGHpA).
HEK?293 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., pPDNA (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*
(5'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
Image] 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] Image] 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 MFI -
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 I'V 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 pg) 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 pCAGLuc and the pPCAGLuc-WPRE treated mice
produced 107 -10® 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 pg),
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 ng) 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 ng) 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).



-78 -

Table 1
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- 2.49x 108 5.54 x 10° 8.30x 103
UTRI1-SecNLuc- 505 18 4.81
2A-eGFP-WPRE-
BGpA
msDNA-CAG- 1.53 x 10% 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 HDIL

[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 ug) 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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S. 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-UTRI1-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 S — 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 ug/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 £. 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 GOL

[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 S'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-UTRI1-
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,
E1, 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).



-85 -

B. Luciferase expression levels

[0411] HEK?293 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-UTRI1-
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: E1-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] HEK?293 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 -
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 S'UTRI (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'UTR1, and (5) CMYV enhancer-EF1-UTR1 (SEQ ID NO: 39), containing a CMV
enhancer, an EF1a short promoter, and 5S'UTRI.

[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 [CMYV 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+UTR1]-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-UTR 1-SecNLuc-2A-eGFP-WPRE-
3’UTR(108 to 120 polyA)-SS*, SEQ ID NO: 45).

B. Luciferase expression levels

[0421] HEK293 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-EF 1-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 5S'UTR1.

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.
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[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 EF1-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 S'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

gtaagtcgacgggccgggcctgggcecgggtceccgggcecgggtecgttggatceccactacageccecga
tactcaagcttgacgaattcgagtatccaaggtagtggactagtgtgacgctgctgaccceccttte

tttccecttcectgecag
SEQ ID NO:2 5'UTRI1

ctgccttctceccecctectgtgagtttggtaagtcgacgggccgggectgggeccgggtececgggecggyg
tcgttggatccccactacagcecccgatactcaagcttgacgaattcgagtatccaaggtagtggac
tagtgtgacgctgctgacccecctttctttcececttctgcaggttggtgtacagtagecttcca

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

ctgccttctceccecctectgtgagtttggtaagtcgacgggccgggectgggeccgggtececgggecggyg
tatccatagctgattggtctaaaatgagatacatcaacgctceccteccatgttttttgttttcectttt
taaatgaaaaactttattttttaagaggagtttcaggttcatagcaaaattgagaggaaggtaca
ttcaagctgaggaagttttcctctattcctagtttactgagagattgcatcatgaatgggtgtta
aattttgtcaaatgctttttctgtgtctatcaatatgaccatgtgattttcttctttaacctgtt
gatgggacaaattacgttaattgattttcaaacgttgaaccacccttacatatctggaataaatt
ctacttggttgtggtgtatattttttgatacattcttggattctttttgctaatattttgttgaa
aatgtttgtatctttgttcatgagagatattggtctgttgttttcttttcttgtaatgtcatttt
ctagttccggtattaaggtaatgctggcctagttgaatgatttaggaagtattccecctectgettet
gtcttctgaaagagattgtagaaagttgatacaatttttttttctttaaatatcttgatagtcgt
tggatccccactacagcccgatactcaagecttgacgaattcgagtatccaaggtagtggactagt
gtgacgctgctgaccccectttectttcececttcectgcaggttggtgtacagtagecttcca

SEQ ID NO:4 5'UTR

attgggatcttcacacagcaggtaaggttgcgggccgggcecctgggecgggteccgggeccgggecgce
actgacccctggtgttgctttttttttttaggcecgcaagctgaagecgtgtce

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

attgggatcttcacacagcaggtaaggttgcgggccgggcecctgggecgggtceccgggecgggtatce
catagctgattggtctaaaatgagatacatcaacgctcctccatgttttttgttttctttttaaa

tgaaaaactttattttttaagaggagtttcaggttcatagcaaaattgagaggaaggtacattca
agctgaggaagttttcctctattcctagtttactgagagattgcatcatgaatgggtgttaaatt
ttgtcaaatgctttttctgtgtctatcaatatgaccatgtgattttcttctttaacctgttgatyg
ggacaaattacgttaattgattttcaaacgttgaaccacccttacatatctggaataaattctac
ttggttgtggtgtatattttttgatacattcttggattctttttgctaatattttgttgaaaatyg
tttgtatctttgttcatgagagatattggtctgttgttttcttttcttgtaatgtcattttctag
ttccggtattaaggtaatgctggecctagttgaatgatttaggaagtattcecctcectgettcectgtet
tctgaaagagattgtagaaagttgatacaatttttttttctttaaatatcttgatagcecgcactg
acccctggtgttgetttttttttttaggccgcaagectgaagegtgtec
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SEQ ID NO:6 A2UCOE element

gcggccgcacgcgtggceccctecgcecgectacagctcaagceccacatccgaagggggagggagecggyg

agctgcgcgecggggecgecggggggaggggtggcaccgeccacgeccgggcggecacgaagggcegyg
ggcagcgggcegegegegeggceggggggaggggecggcegecgegeccgetgggaattggggececta
gggggagggcggaggcgccgacgaccgcggcacttaccgttcecgeggegtggegececggtggtcece
caaggggagggaaggdgggaggcggggcgaggacagtgaccggagtctcecctcagecggtggetttte
tgcttggcagcctcagcggctggegeccaaaaccggactcececgeccacttectegececgeeggtgeg
agggtgtggaatcctccagacgctgggggagggggagttgggagcttaaaaactagtaccceccttt
gggaccactttcagcagcgaactctcctgtacaccaggggtcagttccacagacgecgggccaggyg
gtgggtcattgcggcgtgaacaataatttgactagaagttgattcgggtgtttccggaaggggcece
gagtcaatccgccgagttggggcacggaaaacaaaaaggdgaaggctactaagatttttectggegyg
gggttatcattggcgtaactgcagggaccacctceccgggttgagggggectggatcteccaggetge
ggattaagcccctceccececgteggegttaatttcaaactgegecgacgtttctcacctgecttegecaa
ggcaggggccgggaccctattccaagaggtagtaactagcaggactctagecttcecgcaattcat
tgagcgcatttacggaagtaacgtcgggtactgtectctggeccgcaagggtgggaggagtacgcat
ttggcgtaaggtggggcgtagagccttcceccecgeccattggeggecggatagggegtttacgecgacggce
ctgacgtagcggaagacgccttagtgggggggaaggttctagaaaagecggcggcageggctctag
cggcagtagcagcagcgccgggtecegtgeggaggtgctectecgecagagttgtttcectceccagecage
ggcagttctcactacagcgccaggacgagtccggttegtgttecgtcececgeggagatctctetecate
tcgctcecggcectgecgggaaatcgggcectgaagcecgactgagteccgegatggaggtaacgggtttgaaat
caatgagttattgaaaagggcatggcgaggccgttggcgcctcagtggaagtcggeccagecgect
ccgtgggagagaggcaggaaatcggaccaattcagtagcagtggggcttaaggtttatgaacggg
gtcttgagcggaggcctgagcegtacaaacagcttceccceccaccecctcagectececcggegecatttece

ttcactgggggtgggggatggggagctttcacatggcggacgctgeccececgetggggtgaaagtgg
ggcgcggaggcgggacttcttattccecctttctaaagcacgctgecttcgggggceccacggegtetcee

tcggacggccgggcegegec
SEQ ID NO:7 SRF-UCOE

gcacacgaccacaattccactgaaagcattttaatacggaacttgtcactcccagggagcctceccg
ctcagccggcagttggttcatttcaatccccacgacaacccttcaaagtgcagggcagacagecag
gtggctctgcccaggcecgectggatcacagcecccggectgecagecctcecacctgggecgeggggagace
ctgaggacgctcctceccaggecggcecgcectggecggggectgeggacacggacgggegggcectgagetece
gggacccctceceecgegeccegecacececcgecacecegecaccocegecaceecgecacecggegetecacee
gtcccageccegceegeecgeagecccagcetgcaacgcagcecaccecgecgecategecaceeggecec
gcgggcgcttcecgggacgcaggaggcatectgcateccggggegecgcectgagtecececgeccagagece
cgcccceceggcectecaggttectgecgageggettecgeecgggetgetecgegggegegteggecatga
gcgagttgccgggcgacgtgegggcegtttcectgegggagecaccecgagectgeggetceccagacggac
gcccgcaaggttcegcagegcgggaggggaacggagtggcggagaagggcgcagttgggatgaggg
gctgaggggagggcagggga
gaggagagggygcagggygagaggggagagggygagagcaggagagaggygaagycaggygagaygggcy
cggcgggatcaggggaggagagggaa

SEQ ID NO:8 cHS4 insulator

ggggagctcacggggacagccccccecccaaagecceccagggatgtaattacgtecctececceget
agggggcagcagcgaccgcccggggctecgetececggtecggegetececcececgecatececcgagecgyg
cagcgtgcggggacagcccgggcacggggaaggtggcacgggatcecgetttectcectgaacgettet
cgctgctcectttgagcecctgcagacacctgggggatacggggaaaaggggagctcacggggacagcc
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cccecceccccaaagceccccagggatgtaattacgtcececctececcecgetagggggcagcagecgaccgecece
ggggctccgctceccecggtceccggegectceccecccecgecatecceccgagecggcagegtgecggggacageccgyg
gcacggggaaggtggcacgggatcgctttcecctcectgaacgecttctegetgetcectttgagectgecag
acacctgggggatacggggaaaa

SEQ ID NO:9 MAR-5

tatccatagctgattggtctaaaatgagatacatcaacgctceccteccatgttttttgttttcectttt
taaatgaaaaactttattttttaagaggagtttcaggttcatagcaaaattgagaggaaggtaca
ttcaagctgaggaagttttcctctattcctagtttactgagagattgcatcatgaatgggtgtta
aattttgtcaaatgctttttctgtgtctatcaatatgaccatgtgattttcttctttaacctgtt
gatgggacaaattacgttaattgattttcaaacgttgaaccacccttacatatctggaataaatt
ctacttggttgtggtgtatattttttgatacattcttggattctttttgctaatattttgttgaa
aatgtttgtatctttgttcatgagagatattggtctgttgttttcttttcttgtaatgtcatttt
ctagttccggtattaaggtaatgctggcctagttgaatgatttaggaagtattccecctectgettet
gtcttctgaaagagattgtagaaagttgatacaatttttttttctttaaatatcttgatag

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

ggatcccattctccttgatgtactaatttttctttaaaagtgataataatagctcccatttagaa
tttttaaataacacaacaaatgtaaagtaactaatgtgtcctctggatcatggtaagtaatgaat
aaatttaactccctttaccttctcectttgectattttttccatgectaggatttatacatttttaa
aaaactaaatctgctatcaaatgacagctttaaatttactttttaaaatttgttattgtatatat
ttatggggtataaagtgatgttatgatatatatatacacaatgtacactgattaaatcaagccaa
ttaacattttatcatctcaaatacttaacattttttgtagtgagaacatttgaaatttactttta
gcaatttcaaaacatacattattattattaactatagtcaccatgatgtaccatagatctttaaa
aacttattcttcctgcecctaactgaaactttgtactctttgactaacatcttttcattceccecccact
tcccagecctcectggtaatcaccattacacactcectgecttctatgagttcaattgetttagactceccac
gtaataaatgagatcatgcagcatttggctttctgtgcctggecttatccttgecttagcatggtgt
cttacaggttcatccatgttgcaacaaataacagaatctcattctttgttaaggctgaatactat
tccattgggtatatataccacattttccttatccattaatccactgatggacccttaggttgttyg
attccatatattggctattgtaaatagtgcagcaatgaacatgagagtgcaactatctcttcaat
gtactgatttcgaatccttcggatctatctcagaagtgagattgcaggatcatataattctactt
ttagtcttttgaggagctccatacagctttccatatggccatactaattacattctcatcaacag
tgtacaatggtttccttttctccacatcctcaccaacatttataattttttgtctttttgataat
agccatctgacaggtgtaaagtgatagctcattgcagttttaatttgcattttttgatgattagt
aatgttgagaattttttcatatatctcttggccagttgcatgtcttctttggaaaaatgtctatt
cagttcctttgcccattttttaattgggatttttggtttcttgctattgagttgtttgaattc

SEQ ID NO:11 WPRE

Tcgacaatcaacctctggattacaaaatttgtgaaagattgactggtattcttaactatgttgect
ccttttacgctatgtggatacgctgcectttaatgecctttgtatcatgectattgetteccegtatgge
tttcattttctectecttgtataaatcctggttgectgtctectttatgaggagttgtggececgttyg
tcaggcaacgtggcgtggtgtgcactgtgtttgctgacgcaacccecccactggttggggcattgec
accacctgtcagctccectttcececgggactttcecgectttcececectecectattgeccacggecggaactecat
cgccgcectgcecttgeccgectgectggacaggggceteggectgttgggcactgacaattecegtggtgt
tgtcggggaagctgacgtcctttceccatggectgcectcecgectgtgttgecacctggattectgegeggyg
acgtccttctgctacgtcceccttcecggeccecctcaatceccageggaccttecttecececgeggectgetgec
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ggctctgcggcctcttceccecgegtecttegecttegecctcagacgagtcggatctecectttgggecyg
cctccecgectyg

SEQ ID NO:12 Enhancer-1

gggactttccggggcggggcacgtggtgcacgggactttceccgtgcacgtgcacgggactttceccecgyg
gactttccgggactttcecgtgcaccacgtggggactttcececgtgcac

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

aaccagcctcaagaacacccgaatggagtctctaagctacataataccaacttacactttacaaa
atgttgtcccecccaaaatgtagccattecgtatctgectcecctaataaaaagaaagtttcttcacaacc
agcctcaagaacacccgaatggagtctctaagctacataataccaacttacactttacaaaatgt
tgtcccccaaaatgtageccattcecgtatctgectcectaataaaaagaaagtttcttcac

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

gctcecgetttecttgectgtceccaatttctattaaaggttecctttgttececctaagtccaactactaaac
tgggggatattatgaagggccttgagcatctggattctgcctaataaaaaacatttattttecatt
gcaagctcgctttcttgctgtccaatttctattaaaggttcctttgttccctaagteccaactact
aaactgggggatattatgaagggccttgagcatctggattctgecctaataaaaaacatttatttt
cattgcaa

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

aaccagcctcaagaacacccgaatggagtctctaagctacataataccaacttacactttacaaa
atgttgtcccccaaaatgtagccattecgtatctgectecctaataaaaagaaagtttcttcacgectce
gctttcecttgctgtccaatttctattaaaggttecctttgttcectaagtccaactactaaactggyg
ggatattatgaagggccttgagcatctggattctgcctaataaaaaacatttattttcattgcaa

SEQ ID NO:16 2xIBGpA-A120

aaccagcctcaagaacacccgaatggagtctctaagctacataataccaacttacactttacaaa
atgttgtcccecccaaaatgtagccattecgtatctgectcecctaataaaaagaaagtttcttcacaacc
agcctcaagaacacccgaatggagtctctaagctacataataccaacttacactttacaaaatgt
tgtcccccaaaatgtageccattcecgtatctgectcectaataaaaagaaagtttcttcacaaaaaaaa
aaaaaaasaaaaaaaaaaaaaaaaaaaaaasaasaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaasaasaasaaaaaaaaaaaaaaaaaaa

SEQ ID NO:17 2huBGpA-A120

gctcecgetttecttgectgtceccaatttctattaaaggttecctttgttececctaagtccaactactaaac
tgggggatattatgaagggccttgagcatctggattctgcctaataaaaaacatttattttecatt
gcaagctcgctttcttgctgtccaatttctattaaaggttcctttgttccctaagteccaactact
aaactgggggatattatgaagggccttgagcatctggattctgecctaataaaaaacatttatttt
cattgcaa
aaaaaaasaaaaaaaaaaaaaaaaaaaaaasaasaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaasaaaaasaasaaaaaaaaaaaaaaaaaaaaaaaa
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SEQ ID NO:18 xlhuBGpA-A120

aaccagcctcaagaacacccgaatggagtctctaagctacataataccaacttacactttacaaa
atgttgtcccccaaaatgtagccattecgtatctgectecctaataaaaagaaagtttcttcacgectce
gctttcecttgctgtccaatttctattaaaggttecctttgttcectaagtccaactactaaactggyg
ggatattatgaagggccttgagcatctggattctgcctaataaaaaacatttattttcattgcaa
aaaaaaasaaaaaaaaaaaaaaaaaaaaaasaasaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaasaaaaasaasaaaaaaaaaaaaaaaaaaaaaaaa

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

ccgggaggtaccgagctcecttacgcecgtgctagaattaaagtaacccaatcagcacacaattgecat
tatacgcgcgtataatggactattgtgtgctgataaacctatttcagcatactacgcgegtagta
tgctgaaataggtgactagaagttcctatactttctagagaataggaacttcataacttcgtata
atgtatgctatacgaagttatgggttactttaatttggttgctgactaattgagatgcatgecttt
gcatacttctgcecctgctggggagecctggggactttccacacctggttgectgactaattgagatge
atgctttgcatacttctgcctgctggggagectggggactttccacaccecctgggtcgacattga
ttattgactagttattaatagtaatcaattacggggtcattagttcatagcccatatatggagtt
ccgcgttacataacttacggtaaatggcccecgectggctgaccgecccaacgaceccecceccgcecceccattga
cgtcaataatgacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtg
gagtatttacggtaaactgcccacttggcagtacatcaagtgtatcatatgccaagtacgcccce
tattgacgtcaatgacggtaaatggcccgcctggcattatgecccagtacatgaccttatgggact
ttcctacttggcagtacatctacgtattagtcatcgctattaccatggtcgaggtgageccccacyg
ttctgcttcactctceccccatctcececceccectecccacceccaattttgtatttatttatttttta

attattttgtgcagcgatgggggcggggggggggggggcgcgcgeccaggeggggeggggcecgggygc
gaggggcggggcggggcgaggcggaaaggtgcggcggcagccaatcagagcggcgcegcetceccgaaa
gtttcecttttatggcgaggcggecggcggecggeggcecctataaaaagcgaagcgegeggegggegyg
gagtcgctgcgttgecttcecgeccecgtgececccgetcecgegecgectecgegececgeeccgeccecggete
tgactgaccgcgttactcccacaggtgagcgggcgggacggceccttectectecegggetgtaatta
gcgcecttggtttaatgacggctecgtttecttttetgtggectgecgtgaaagececttaaagggeteccggyg
agggccctttgtgcgggggggagcggctcecggggggtgegtgegtgtgtgtgtgegtggggagegce
cgcgtgcecggctceccgegectgeccggeggcectgtgagegetgegggecgeggegeggggetttgtgege
tccgcagtgtgcgcgaggggagcegeggcecgggggeggtgececegeggtgeggggggggctgcgag
gggaacaaaggctgcgtgcggggtgtgtgcgtgggggggtgagcagggggtgtgggecgeggeggt
cgggctgtaacccccecceccecctgcacccececctececcgagttgetgagcacggeccggettegggtgeg
gggctccgtacggggcgtggcgcecggggctcegecgtgecgggecggggggtggeggcaggtgggggat
gccgggceggggeggggecgectcecgggecggggagggctcgggggaggggegeggceggeccccgga
gcgccggcecggctgtcecgaggcgecggcgagecgcagcecattgecttttatggtaatecgtgegagagyg
gcgcagggacttcecctttgtcccaaatctgtgcggagecgaaatctgggaggcgecgeccgecaccce
ctctagcgggcgcecggggcgaagceggtgcggcgceccggcaggaaggaaatgggcggggagggcectte
gtgcgtcgccgegeccgececgtecceccttetecctetecagectecggggectgteccgeggggggacggce
tgccttcecgggggggacggggcagggcecggggttcecggettcectggegtgtgaccggecggectcectagage
ctctgctaaccatgttcatgccttcttctttttcctacagectecctgggcaacgtgectggttattyg
tgctgtctcatcattttggcaaagaattgattaattcgagcgaacgegtcgccaccatgaactcece
ttctccacaagcgceccttecggtceccagttgecttcectececctgggectgectectggtgttgectgetge
cttccecctgecccagtcecttcacactcgaagatttecgttggggactggecgacagacagecggctaca
acctggaccaagtccttgaacagggaggtgtgtccagtttgtttcagaatctecggggtgteccgta
actccgatccaaaggattgtcctgagecggtgaaaatgggctgaagatcgacatccatgtcatcat
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ccegtatgaaggtctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtacce
ctgtggatgatcatcactttaaggtgatcctgcactatggcacactggtaatcgacggggttacg
ccgaacatgatcgactatttcggacggccgtatgaaggcatcgeccegtgttcgacggcaaaaagat
cactgtaacagggaccctgtggaacggcaacaaaattatcgacgagcgcecctgatcaaccccgacg
gctceccectgetgttceccgagtaaccatcaacggagtgaccggctggecggetgtgcegaacgecattcectyg
gcggctagcgctactaacttcagcectgcectgaagcaggctggagacgtggaggagaaccctggace
tggaagcggagagggcagaggaagtctgctaacatgcggtgacgtcgaggagaatcctggacctg
gatccggaatggtgagcaag

ggcgaggagctgttcaccggggtggtgcccatcecctggtcgagectggacggecgacgtaaacggcecca
caagttcagcgtgtccggcgagggcgagggcgatgceccacctacggcaagctgaccctgaagttca
tctgcaccaccggcaagctgcccecgtgcececctggceccaccecctecgtgaccacccectgacctacggegtyg
cagtgcttcagccgctacceccgaccacatgaagcagcacgacttcecttcaagteccgeccatgeccga
aggctacgtccaggagcgcaccatcttcttcaaggacgacggcaactacaagacccgcgceccecgagyg
tgaagttcgagggcgacaccctggtgaaccgcatcgagctgaagggcatcgacttcaaggaggac
ggcaacatcctggggcacaagctggagtacaactacaacagccacaacgtctatatcatggccga
caagcagaagaacggcatcaaggtgaacttcaagatccgccacaacatcgaggacggcagcgtge
agctcgccgaccactaccagcagaacacccceccatecggecgacggceccegtgectgetgececcgacaac
cactacctgagcacccagtccgccctgagcaaagaccccaacgagaagcgegatcacatggtecet
gctggagttcgtgaccgccgecgggatcactcectecggcatggacgagctgtacaagtaagcggecyg
cactcctcaggtgcaggctgcecctatcagaaggtggtggctggtgtggeccaatgeccecctggcectcaca
aataccactgagatctttttccecctctgccaaaaattatggggacatcatgaagcecccttgagecat
ctgacttctggctaataaaggaaatttattttcattgcaatagtgtgttggaattttttgtgtcect
ctcactcggaaggacatggtgtggaaagtccccaggctceccecccagcaggcagaagtatgcaaagceca
tgcatctcaattagtcagcaaccaaattaaagtaacccataacttcgtatagcatacattatacg
aagttatgaagttcctattctctagaaagtataggaacttctagtcacctatttcagcatactac
gcgcgtagtatgctgaaataggtttatcagcacacaatagtccattatacgcgecgtataatggca
attgtgtgctgattgggttactttaattggtgtggaaagtccccaggctceccccagcaggcagaag
tatgcaaagcatgcatctcaattagtcagcaaccatggatccgtcgaccgatgcecceccttgagagec
ttcaacccagtcagctccttececggtgggcegeggggecatgactategtecgecgecacttatgactgt
cttctttatcatgcaactcgtaggacaggtgccggcagegectcttcegettecectegetcecactgac
tcgctgecgectcecggtegttcecggctgecggecgageggtatcagectcactcaaaggeggtaatacggtt
atccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccagga
accgtaaaaaggccgcegttgectggegtttttccataggctceccgeccecctgacgagcatcacaaa
aatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggcgtttceccccece
tggaagctccctecgtgecgectcectectgttecgaccctgecgettaccggatacectgteecgecttte
tceccttecgggaagegtggecgetttcectcatagectcacgectgtaggtatctcagttecggtgtaggte
gttcgctccaagctgggctgtgtgcacgaaccceccececgttcagececcgaccgcetgegecttatececgyg
taactatcgtcttgagtccaaccecggtaagacacgacttatcgccactggcagcageccactggta
acaggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagtggtggcctaactac
ggctacactagaagaacagtatttggtatctgcgctctgctgaagccagttaccttcggaaaaag
agttggtagctcttgatccggcaaacaaaccaccgctggtageggtggtttttttgtttgcaage
agcagattacgcgcagaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctgac
gctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcac
ctagatccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggt
ctgacagttaccaatgcttaatcagtgaggcacctatctcagcgatctgtctatttcgttcatcecce
atagttgcctgactccecceccecgtecgtgtagataactacgatacgggagggcttaccatctggececccag
tgctgcaatgataccgcgagacccacgctcaccggctccagatttatcagcaataaaccagccag
ccggaagggccgagcgcagaagtggtcctgcaactttatcecgectcececatccagtctattaattgt
tgccgggaagctagagtaagtagttcgccagttaatagtttgecgcaacgttgttgecattgectac
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aggcatcgtggtgtcacgctcgtcgtttggtatggecttcattcagctceggttceccaacgatcaa
ggcgagttacatgatcccccatgttgtgcaaaaaagcggttagectcectteggtectecgategtt
gtcagaagtaagttggccgcagtgttatcactcatggttatggcagcactgcataattctcttac
tgtcatgccatccgtaagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaat
agtgtatgcggcgaccgagttgctcttgceccecggegtcaatacgggataataccgegeccacatage
agaactttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttacc
gctgttgagatccagttcgatgtaacccactcgtgcacccaactgatcttcagecatcttttactt
tcaccagcgtttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaaggdaataagggcg
acacggaaatgttgaatactcatactcttcctttttcaatattattgaagcatttatcagggtta
ttgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgecgceca
catttcccecgaaaagtgceccacctgacgcecgecctgtagecggecgcattaagecgeggegggtgtggtyg
gttacgcgcagcgtgaccgctacacttgccagecgeccctagecgecegetectttegetttettece
ttcctttcectcecgeccacgttecgecggettteccegtcaagetctaaatecgggggetecectttagggt
tccgatttagtgctttacggcacctcecgaccccaaaaaacttgattagggtgatggttcacgtagt
gggccatcgccctgatagacggtttttecgecctttgacgttggagtccacgttectttaatagtgg
actcttgttccaaactggaacaacactcaaccctatctecggtctattcttttgatttataaggga
ttttgccgatttecggectattggttaaaaaatgagctgatttaacaaaaatttaacgcgaatttt
aacaaaatattaacgcttacaatttgccattcgccattcaggctgcgcaactgttgggaagggcyg
atcggtgcgggcecctcecttcecgcectattacgeccagecccaagectaccatgataagtaagtaatattaagyg
tacgtggaggttttacttgctttaaaaaacctcccacacctcecceccectgaacctgaaacataaaat
gaatgcaattgttgttgttaacttgtttattgcagcttataatggttacaaataaagcaatagca
tcacaaatttcacaaataaagcatttttttcactgcattctagttgtggtttgtccaaactcatc
aatgtatcttatggtactgtaactgagctaacataa

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

gacggatcgggagatctcccgatccecctatggtgcactcectcagtacaatctgectectgatgeccecge
atagttaagccagtatctgctccctgettgtgtgttggaggtcgectgagtagtgecgcgagcaaa
atttaagctacaacaaggcaaggcttgaccgacaattgcatgaagaatctgcttagggttaggce
gttttgcgctgcttcecgecgatgtacgggccagatatacgegttgacattgattattgactagtta
ttaatagtaatcaattacggggtcattagttcatagcccatatatggagttccgecgttacataa
cttacggtaaatggcccgcctggectgaccgcceccaacgacccecgceccattgacgtcaataatga
cgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagtatttacg
gtaaactgcccacttggcagtacatcaagtgtatcatatgccaagtacgecccecctattgacgte
aatgacggtaaatggcccgcectggcattatgcecccagtacatgaccttatgggactttcecctactt
ggcagtacatctacgtattagtcatcgctattaccatggtgatgecggttttggcagtacatcaa
tgggcgtggatagcggtttgactcacggggatttccaagtctccaccccattgacgtcaatggg
agtttgttttggcaccaaaatcaacgggactttccaaaatgtcgtaacaactcecgceccccattga
cgcaaatgggcggtaggcgtgtacggtgggaggtctatataagcagagctctectggctaactag
agaacccactgcttactggcttatcgaaattaatacgactcactatagggagacccaagctggce
tagcgtttaaacttaagcttggtaccgagctcggatccecctgecttctecectectgtgagtttgg
taagtcactgactgtctatgcctgggaaagggtgggcaggagatggggcagtgcaggaaaagtg
gcactatgaaccctgcagccctaggaatgcatctagacaattgtactaaccttcecttctetttce
tctcecctgacaggttggtgtacagtagcttccactcecectgeccaccatgaactecttcectecacaage
gcctteggtceccagttgecttectecctgggectgetectggtgttgectgetgecttececcectgece
cagtcttcacactcgaagatttcgttggggactggcgacagacagceccggctacaacctggacca
agtccttgaacagggaggtgtgtccagtttgtttcagaatctcggggtgtceccgtaactecgate
caaaggattgtcctgagcggtgaaaatgggctgaag
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atcgacatccatgtcatcatcccecgtatgaaggtctgagecggcgaccaaatgggeccagatcgaaa
aaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgcactatggcac
actggtaatcgacggggttacgccgaacatgatcgactatttcggacggeccgtatgaaggcatc
gccecgtgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatcyg
acgagcgcctgatcaaccccgacggctceccectgetgtteccgagtaaccatcaacggagtgaccgyg
ctggcggctgtgcgaacgcattctggcggaattctgcagatatccagcacagtggcggecgectce
gagtctagaggaagcggagctactaacttcagcctgectgaagcaggctggagacgtggaggaga
accctggacctatgagcaagggcgaggagctgttcacecggggtggtgecccatcectggtegaget
ggacggcgacgtaaacggccacaagttcagcgtgtcececggecgagggcgagggcgatgeccacctac
ggcaagctgaccctgaagttcatctgcaccaccggcaagctgeccegtgecectggecccacecteg
tgaccaccctgacctacggcgtgcagtgcttcagececgcectacececcgaccacatgaagcagcacga
cttcttcaagtccgceccatgecccgaaggctacgtccaggagecgcaccatcecttecttcaaggacgac
ggcaactacaagacccgcgccgaggtgaagttcgagggecgacaccctggtgaaccgcatcgage
tgaagggcatcgacttcaaggaggacggcaacatcctggggcacaagctggagtacaactacaa
cagccacaacgtctatatcatggccgacaagcagaagaacggcatcaaggtgaacttcaagatc
cgccacaacatcgaggacggcagcgtgcagctcgeccgaccactaccagcagaacaccececcateg
gcgacggccccegtgetgcetgececgacaaccactacctgagcacccagtcecgecctgagcaaaga
ccccaacgagaagcgcgatcacatggtcecctgetggagttecgtgaccgecgecgggatcactecac
ggcatggacgagctgtacaagtaagggcccgtttaaacccgetgatcagectcgactgtgectt
ctagttgccagccatctgttgtttgecccecctcececcececgtgecttecttgacccectggaaggtgecac
tcccactgtcecctttectaataaaatgaggaaattgcatcgcattgtctgagtaggtgtcattcet

attctggggggtggggtggggcaggacagcaagggyg

gaggattgggaagacaatagcaggcatgctggggatgcggtgggctctatggcttctgaggecgyg
aaagaaccagctggggctctagggggtatccccacgcgceccctgtageggegcattaagegegge

gggtgtggtggttacgcgcagcgtgaccgctacacttgeccagecgceccecctagecgeccgetecttte
gctttecttececcttectttcectegecacgttecgecggettteccecgtcaagetctaaatcggggge
tcectttagggttececgatttagtgectttacggcacctcgaccccaaaaaacttgattagggtga
tggttcacgtagtgggccatcgccctgatagacggtttttecgecctttgacgttggagtccacyg
ttctttaatagtggactcttgttccaaactggaacaacactcaaccctatctecggtectattctt
ttgatttataagggattttgccgatttcggcctattggttaaaaaatgagctgatttaacaaaa
atttaacgcgaattaattctgtggaatgtgtgtcagttagggtgtggaaagtccccaggctcecce
cagcaggcagaagtatgcaaagcatgcatctcaattagtcagcaaccaggtgtggaaagtcccc
aggctccccagcaggcagaagtatgcaaagcatgcatctcaattagtcagcaaccatagtccececyg
ccectaactceccecgeccatceccecgeccectaactcecegeccagttcegeccattctecgecceccatgget
gactaattttttttatttatgcagaggccgaggccgectctgectcectgagectatteccagaagta
gtgaggaggcttttttggaggcctaggcttttgcaaaaagctcececgggagecttgtatatceccatt
ttcggatctgatcaagagacaggatgaggatcgtttcgcatgattgaacaagatggattgcacyg
caggttctccggcecgcecttgggtggagaggctattcggctatgactgggcacaacagacaatcecgg
ctgctctgatgccgeccgtgttceccggectgtcagecgcaggggecgeccggttctttttgtcaagacc
gacctgtccggtgccecctgaatgaactgcaggacgaggcagcgceggctategtggectggecacga
cgggcgttceccttgcecgcagectgtgetecgacgttgtcactgaagcgggaagggactggetgetatt
gggcgaagtgccggggcaggatctcecctgtcatctcaccttgetectgecgagaaagtatccate
atggctgatgcaatgcggcggctgcatacgcttgatccggectacctgcceccattecgaccaccaag
cgaaacatcgcatcgagcgagcacgtactcggatgg

aagccggtcttgtcgatcaggatgatctggacgaagagcatcaggggctcecgecgeccagceccgaact
gttcgccaggctcaaggcgcgcatgcecceccgacggecgaggatctecgtegtgacccatggecgatgece
tgcttgccgaatatcatggtggaaaatggcecgecttttctggattcatcgactgtggececggetgg
gtgtggcggaccgctatcaggacatagcgttggctaccegtgatattgectgaagagecttggegyg
cgaatgggctgaccgcttcctcegtgetttacggtatcgeccgetcececcgattecgecagegecatcecgec
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ttctatcgeccttcecttgacgagttcttctgagegggactctggggttcgaaatgaccgaccaagce
gacgcccaacctgccatcacgagatttcgattccaccgecgecttctatgaaaggttgggette
ggaatcgttttccgggacgccecggctggatgatcecctceccagegeggggatctcatgectggagttcet
tcgcccaccccaacttgtttattgcagcecttataatggttacaaataaagcaatagcatcacaaa
tttcacaaataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgta
tcttatcatgtctgtataccgtcgacctctagctagagcttggecgtaatcatggtcatagetgt
ttcctgtgtgaaattgttatccgectcacaattccacacaacatacgagccggaagcataaagtg
taaagcctggggtgcecctaatgagtgagctaactcacattaattgecgttgecgectcactgeccget
ttccagtcgggaaacctgtcecgtgeccagctgcattaatgaatcggceccaacgecgeggggagaggcyg
gtttgcgtattgggcgctcttcecgecttecectcecgectcactgactecgectgegetecggtegttegget
gcggcgagcggtatcagctcactcaaaggcggtaatacggttatccacagaatcaggggataac
gcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgegttge
tggcgtttttccataggctccgcecccececctgacgagcatcacaaaaatcgacgctcaagtcagag
gtggcgaaacccgacaggactataaagataccaggcgtttcceccectggaagctececectegtgege
tctcecectgttcecgaccecctgecegettaccggatacctgtecegectttcecteeccttegggaagegtgg
cgctttctcatagctcacgctgtaggtatctcagttcggtgtaggtegttecgetceccaagectggg
ctgtgtgcacgaacccceccecgttcageccgaccecgetg
cgccttatccggtaactatcgtcttgagtccaaccecggtaagacacgacttatecgeccactggea
gcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagt
ggtggcctaactacggctacactagaagaacagtatttggtatctgcgctctgectgaagccagt
taccttcggaaaaagagttggtagctcttgatccggcaaacaaaccaccgcectggtageggtggt
ttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgatcet
tttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagatt
atcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaatctaaagt
atatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagcga
tctgtctatttcecgttcatccatagttgecctgactcecececgtecgtgtagataactacgatacggga
gggcttaccatctggccccagtgctgcaatgataccgecgagacccacgctcaccggcectceccagat
ttatcagcaataaaccagccagccggaagggccgagcecgcagaagtggtecctgecaactttatecg
cctccatccagtctattaattgttgeccgggaagctagagtaagtagttcgecagttaatagttt
gcgcaacgttgttgceccattgctacaggcatcgtggtgtcacgectegtegtttggtatggettca
ttcagctcecggttcccaacgatcaaggcgagttacatgatcccecccatgttgtgcaaaaaagegyg
ttagctccttcggtcectecgatcgttgtcagaagtaagttggccgcagtgttatcactcatggt
tatggcagcactgcataattctcttactgtcatgccatcecgtaagatgcecttttctgtgactggt
gagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgctcttgeccecggegt
caatacgggataataccgcgccacatagcagaactttaaaagtgctcatcattggaaaacgttc
ttcggggcgaaaactctcaaggatcttaccgectgttgagatccagttcgatgtaacccactcegt
gcacccaactgatcttcagcatcttttactttcaccagegtttctgggtgagcaaaaacaggaa
ggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttgaatactcatactcttcect
ttttcaatattattgaagcatttatcagggttattg
tctcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgcgcaca
tttccececgaaaagtgccacctgacgtce

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

taaagtaacccaatcagcacacaattgccattatacgcgcegtataatggactattgtgtgctga
taaacctatttcagcatactacgcgecgtagtatgctgaaataggtgactagaagttcectatact
ttctagagaataggaacttcataacttcgtataatgtatgctatacgaagttatgggttacttt
aatttggttgctgactaattgagatgcatgctttgcatacttctgecctgcectggggagectgggyg
actttccacacctggttgctgactaattgagatgcatgctttgcatacttctgectgectgggga
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gcctggggactttceccacaccectgggtcgacattgattattgactagttattaatagtaatcaa
ttacggggtcattagttcatagcccatatatggagttccgegttacataacttacggtaaatgg
ccecgcectggctgaccecgcecccaacgaccceccecgcecceccattgacgtcaataatgacgtatgttcecceccata
gtaacgccaatagggactttccattgacgtcaatgggtggagtatttacggtaaactgcccact
tggcagtacatcaagtgtatcatatgccaagtacgcccecctattgacgtcaatgacggtaaatg
gccegectggecattatgcecccagtacatgaccttatgggactttecctacttggcagtacatctac
gtattagtcatcgctattaccatggtcgaggtgagccccacgttctgettcactctcecceccatet
cceccceccececctecccacccececcaattttgtatttatttattttttaattattttgtgecagegatggg
ggcggggygygyggggyggggcgcgcgccagygceygggygceygygggeyggggeygagggygcgggygcgggycgay
gcggaaaggtgcggcggcagccaatcagagcggcgcecgctceccgaaagtttecttttatggegagyg
cggcggcggcggcggcecctataaaaagcgaagcgcgcecggegggcegggagtegetgegttgectt
cgccccecgtgcecceccgcetececgegecgcecctegegecgececgecceggetectgactgaccgegttact
cccacaggtgagcgggcgggacggcceccttectectececgggetgtaattagegettggtttaatga
cggctecgtttcecttttctgtggctgecgtgaaagecttaaagggcteccgggagggecctttgtgeg
ggggggagcggctcggggggtgcgtgegtgtgtgtgtgecgtggggagecgecgegtgeggetecyg
cgctgcceccecggcecggcetgtgagecgetgegggegeggegeggggcetttgtgegetecgecagtgtgeg
cgaggggagcgcggccgggggcggtgeccccecgeggtgeggggggggetgcgaggggaacaaaggce
tgcgtgcggggtgtgtgegtgggggggtgagcagggggtgtgggcgecggcggtcecgggetgtaac
cceccecceccectgcacccecceccectececcecgagttgectgagcacggececggettecgggtgeggggetecgta
cggggcgtggcgcggggcectcecgecgtgecgggeggggggtggecggcaggtgggggtgecgggceygg
ggcggggccgcectcecgggceccggggagggctcgggggaggggcegeggeggcecccecccggagegecgge
ggctgtcgaggcgcggcgagcecgcagcecattgecttttatggtaatcgtgecgagagggcgcagyg
gacttcctttgtcccaaatctgtgcecggageccgaaatctgggaggecgecgceccgcaccceccectcectag
cgggcgcggggcgaagcggtgcggcgecggcaggaaggaaatgggcggggagggecttegtgeg
tcgccgegecgecgteccecttcetecctcecteccagecteggggetgteccgeggggggacggetgec
ttcgggggggacggggcagggcggggttcggettctggegtgtgaccggeggcectctagagectce
tgctaaccatgttcatgeccttcttctttttcecctacagctecectgggcaacgtgetggttattgtyg
ctgtctcatcattttggcaaagaattgattaattcgagcgaacgcgtecgeccaccatgaactect
tctccacaagcgcecttcecggtceccagttgecttecteccectgggectgeteectggtgttgectgetyge
cttccecctgecccagtcecttcacactcgaagatttecgttggggactggecgacagacagecggcetac
aacctggaccaagtccttgaacagggaggtgtgtccagtttgtttcagaatctcecggggtgtceccyg
taactccgatccaaaggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtecat
catcccgtatgaaggtctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtyg
taccctgtggatgatcatcactttaaggtgatcctgcactatggcacactggtaatcgacgggg
ttacgccgaacatgatcgactatttcggacggccgtatgaaggcatcgeccgtgttcgacggcaa
aaagatcactgtaacagggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaac
ccecgacggctcecectgectgtteccgagtaaccatcaacggagtgaccggectggeggcetgtgecgaac
gcattctggcggctagcgctactaacttcagectgctgaagcaggctggagacgtggaggagaa
ccectggacctggaagcggagagggcagaggaagtctgctaacatgeggtgacgtcecgaggagaat
cctggacctggatccecggaatggtgagcaagggcgaggagcectgttcacecggggtggtgecceccatcec
tggtcgagctggacggcgacgtaaacggccacaagttcagecgtgtccggecgagggcgagggcga
tgccacctacggcaagctgaccctgaagttcatctgcaccaccggcaagcectgeccecgtgecctgg
cccaccctegtgaccaccctgacctacggegtgcagtgcecttcagececgetacceccecgaccacatga
agcagcacgacttcttcaagtccgccatgcecccgaaggctacgteccaggagcegcaccatettett
caaggacgacggcaactacaagacccgcgceccgaggtgaagttcgagggcgacaccctggtgaac
cgcatcgagctgaagggcatcgacttcaaggaggacggcaacatcctggggcacaagctggagt
acaactacaacagccacaacgtctatatcatggccgacaagcagaagaacggcatcaaggtgaa
cttcaagatccgccacaacatcgaggacggcagcgtgcagctcecgecgaccactaccagcagaac
acccccatcggcgacggceccccgtgetgetgeccgacaaccactacctgagcacccagtecgece
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tgagcaaagaccccaacgagaagcgcgatcacatggtcctgectggagttecgtgaccgecgecgg
gatcactctcggcatggacgagctgtacaagtaaaatcaacctctggattacaaaatttgtgaa
agattgactggtattcttaactatgttgctccttttacgctatgtggatacgctgctttaatge
ctttgtatcatgctattgcttccegtatggectttcattttctectecttgtataaatcectggtt
gctgtctctttatgaggagttgtggccececgttgtcaggcaacgtggegtggtgtgcactgtgttt
gctgacgcaacccccactggttggggecattgeccaccacctgtcagectectttececgggacttteyg
ctttccececteectattgeccacggecggaactcatecgecgectgecttgececgetgetggacagg
ggctcggctgttgggcactgacaattccgtggtgttgtecggggaaatcatecgtectttececttgyg
ctgctcgceccectgtgttgeccacctggattctgecgecgggacgtcececttcectgetacgtececctteggecce
tcaatccagcggaccttecttceccececgeggectgetgecggetectgeggectettecgegtetteg
ccttcecgecctcagacgagtecggatctcecectttgggecgecteccececgcaataaaggaaatttatt
ttcattgcaatagtgtgttggaattttttgtgtctctcactcggaaggacatggtgtggaaagt
ccccaggctceccccagcaggcagaagtatgcaaagcatgcatctcaattagtcagcaaccaaatt
aaagtaacccataacttcgtatagcatacattatacgaagttatgaagttcctattctctagaa
agtataggaacttctagtcacctatttcagcatactacgcgcgtagtatgctgaaataggttta
tcagcacacaatagtccattatacgcgcgtataatggcaattgtgtgectgattgggttacttta
attggtgtggaaagtccccaggctcecceccagcaggcagaagtatgcaaagcatgecatctcaatta
gtcagcaacca

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

taaagtaacccaatcagcacacaattgccattatacgcgcegtataatggactattgtgtgctga
taaacctatttcagcatactacgcgecgtagtatgctgaaataggtgactagaagttcectatact
ttctagagaataggaacttcataacttcgtataatgtatgctatacgaagttatgggttacttt
aatttggttgctgactaattgagatgcatgctttgcatacttctgecctgcectggggagectgggyg
actttccacacctggttgctgactaattgagatgcatgctttgcatacttctgectgectgggga
gcctggggactttceccacaccectgggtecgacgacattgattattgactagttattaatagtaat
caattacggggtcattagttcatagcccatatatggagttcecgecgttacataacttacggtaaa
tggcccgceccectggcectgaccgcecccaacgaccceccegceccattgacgtcaataatgacgtatgttcecece
atagtaacgccaatagggactttccattgacgtcaatgggtggagtatttacggtaaactgccce
acttggcagtacatcaagtgtatcatatgccaagtacgcccccectattgacgtcaatgacggtaa
atggcccgcctggecattatgcccagtacatgaccttatgggactttcectacttggcagtacate
tacgtattagtcatcgctattaccatggtgatgcggttttggcagtacatcaatgggcgtggat
agcggtttgactcacggggatttccaagtctccaccceccattgacgtcaatgggagtttgttttyg
gcaccaaaatcaacgggactttccaaaatgtcgtaacaactccgccccattgacgcaaatggge
ggtaggcgtgtacggtgggaggtctatataagcagagctctgecttctececctectgtgagtttyg
gtaagtcgacgggccgggcctgggcecgggtceccgggcecgggtegttggatcececccactacagececyg
atactcaagcttgacgaattcgagtatccaaggtagtggactagtgtgacgctgctgaccectt
tctttcecttcectgecaggttggtgtacagtagecttccaaattgattaattcgagecgaacgegtcg
ccaccatgaactccttctccacaagecgectteggteccagttgecttectceecctgggectgetect
ggtgttgcctgctgecttceccecctgcecccagtcecttcacactcecgaagatttecgttggggactggecga
cagacagccggctacaacctggaccaagtceccttgaacagggaggtgtgtccagtttgtttcaga
atctcggggtgtccecgtaactcecgatccaaaggattgtecctgageggtgaaaatgggctgaagat
cgacatccatgtcatcatccecgtatgaaggtctgagecggcgaccaaatgggccagatcgaaaaa
atttttaaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgcactatggcacac
tggtaatcgacggggttacgccgaacatgatcgactatttcggacggeccgtatgaaggcatcgce
cgtgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatcgac
gagcgcctgatcaaccceccecgacggctcececctgectgtteccgagtaaccatcaacggagtgaccgget
ggcggctgtgcgaacgcattctggcggctagecgctactaacttcagectgectgaagcaggectgyg
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agacgtggaggagaaccctggacctggaagcggagagggcagaggaagtctgctaacatgeggt
gacgtcgaggagaatcctggacctggatccggaatggtgagcaagggcgaggagcectgttcaccecyg
gggtggtgcccatcctggtcgagctggacggcgacgtaaacggccacaagttcagegtgtcecegyg
cgagggcgagggcgatgccacctacggcaagctgaccctgaagttcatctgcaccaccggcaag
ctgccecgtgceccecctggceccaccctegtgaccaccctgacctacggegtgcagtgettcagecget
accccgaccacatgaagcagcacgacttcttcaagtceccgeccatgecceccgaaggctacgtccagga
gcgcaccatcttcttcaaggacgacggcaactacaagacccgcgceccgaggtgaagttcgagggce
gacaccctggtgaaccgcatcgagctgaagggcatcgacttcaaggaggacggcaacatcecctgyg
ggcacaagctggagtacaactacaacagccacaacgtctatatcatggccgacaagcagaagaa
cggcatcaaggtgaacttcaagatccgccacaacatcgaggacggcagcgtgcagctecgecgac
cactaccagcagaacacccccatcggcgacggcecccegtgetgectgececgacaaccactacctga
gcacccagtccgceccctgagcaaagaccccaacgagaagecgcecgatcacatggtectgetggagtt
cgtgaccgccgcecgggatcactctecggcatggacgagectgtacaagtaaaatcaacctectggat
tacaaaatttgtgaaagattgactggtattcttaactatgttgctccttttacgctatgtggat
acgctgctttaatgcctttgtatcatgctattgecttceccgtatggctttcattttctectectt
gtataaatcctggttgctgtctctttatgaggagttgtggccegttgtcaggcaacgtggegtyg
gtgtgcactgtgtttgctgacgcaacccceccactggttggggcattgccaccacctgtcagetce
tttccgggactttcecgectttceccceccecctecctattgeccacggeggaactcatcgecgectgecttge
ccgctgcectggacaggggctcecggctgttgggcactgacaattececgtggtgttgtecggggaaatca
tcgtcctttecttggectgectegectgtgttgecacctggattcectgegegggacgtecttetget
acgtcccttecggccectcaatccagecggaccttecttececgeggectgetgecggetcectgeggece
tcttceccecgegtcecttegecttegecctcagacgagtecggatctececctttgggecgecteccegecaa
taaaggaaatttattttcattgcaatagtgtgttggaattttttgtgtctctcactcggaagga
catggtgtggaaagtccccaggctccecceccagcaggcagaagtatgcaaagcatgecatctcaatta
gtcagcaaccaaattaaagtaacccataacttcgtatagcatacattatacgaagttatgaagt
tcctattctctagaaagtataggaacttctagtcacctatttcagcatactacgcgegtagtat
gctgaaataggtttatcagcacacaatagtccattatacgcgecgtataatggcaattgtgtget
gattgggttactttaattggtgtggaaagtccccaggctceccecccagcaggcagaagtatgcaaag
catgcatctcaattagtcagcaacca

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

aattaaagtaacccaatcagcacacaattgccattatacgcgcgtataatggactattgtgtge
tgataaacctatttcagcatactacgcgcgtagtatgctgaaataggtgactagaagttcctat
actttctagagaataggaacttcataacttcgtataatgtatgctatacgaagttatgggttac
tttaatttggttgctgactaattgagatgcatgctttgcatacttctgecctgetggggagectyg
gggactttccacacctggttgctgactaattgagatgcatgctttgcatacttctgcectgectgyg
ggagcctggggactttccacacccecctgggtcgacattgattattgactagttattaatagtaat
caattacggggtcattagttcatagcccatatatggagttcecgecgttacataacttacggtaaa
tggcccgceccectggcectgaccgcecccaacgaccceccegceccattgacgtcaataatgacgtatgttcecece
atagtaacgccaatagggactttccattgacgtcaatgggtggagtatttacggtaaactgccce
acttggcagtacatcaagtgtatcatatgccaagtacgcccccectattgacgtcaatgacggtaa
atggcccgcctggecattatgcccagtacatgaccttatgggactttcectacttggcagtacate
tacgtattagtcatcgctattaccatggtgatgcggttttggcagtacatcaatgggcgtggat
agcggtttgactcacggggatttccaagtctccaccceccattgacgtcaatgggagtttgttttyg
gcaccaaaatcaacgggactttccaaaatgtcgtaacaactccgccccattgacgcaaatggge
ggtaggcgtgtacggtgggaggtctatataagcagagctattgggatcttcacacagcaggtaa

ggttgcgggccgggcectgggecgggtecgggecgggtatceccatagectgattggtctaaaatgag
atacatcaacgctcctccatgttttttgttttctttttaaatgaaaaactttattttttaagag
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gagtttcaggttcatagcaaaattgagaggaaggtacattcaagctgaggaagttttcctctat
tcctagtttactgagagattgcatcatgaatgggtgttaaattttgtcaaatgctttttctgtyg
tctatcaatatgaccatgtgattttcttctttaacctgttgatgggacaaattacgttaattga
ttttcaaacgttgaaccacccttacatatctggaataaattctacttggttgtggtgtatattt
tttgatacattcttggattctttttgctaatattttgttgaaaatgtttgtatctttgttcatg
agagatattggtctgttgttttcttttcttgtaatgtcattttctagttccggtattaaggtaa
tgctggcctagttgaatgatttaggaagtattccctcectgettcectgtecttctgaaagagattgta
gaaagttgatacaatttttttttctttaaatatcttgatagccgcactgaccecctggtgttget
ttttttttttaggccgcaagctgaagecgtgteccgeccaccatgaactceccecttcectceccacaagegect
tcggtccagttgeccttctececctgggectgetectggtgttgectgetgecttecectgeecceccagt
cttcacactcgaagatttcgttggggactggcgacagacagccggctacaacctggaccaagtc
cttgaacagggaggtgtgtccagtttgtttcagaatctcggggtgtcegtaactccgatccaaa
ggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatceccgtatgaagyg
tctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccectgtggatgat
catcactttaaggtgatcctgcactatggcacactggtaatcgacggggttacgccgaacatga
tcgactatttcggacggccgtatgaaggcatcgeccgtgttcgacggcaaaaagatcactgtaac
agggaccctgtggaacggcaacaaaattatcgacgagcgcecctgatcaacccecgacggetecectyg
ctgttccgagtaaccatcaacggagtgaccggctggecggetgtgcgaacgcattctggecggeta
gcgctactaacttcagcecctgectgaagcaggctggagacgtggaggagaaccctggacctggaag
cggagagggcagaggaagtctgctaacatgcggtgacgtcgaggagaatcctggacctggatcc
ggaatggtgagcaagggcgaggagctgttcaccggggtggtgecccatcecctggtcecgagectggacyg
gcgacgtaaacggccacaagttcagcgtgtccggcgagggcgagggcgatgcecacctacggcaa
gctgaccctgaagttcatctgcaccaccggcaagctgecececgtgecctggeccaccectegtgace
accctgacctacggcgtgcagtgcttcageccgctaccecgaccacatgaagcagcacgacttet
tcaagtccgccatgecccgaaggctacgtccaggagegcaccatcttcttcaaggacgacggcaa
ctacaagacccgcgccgaggtgaagttcgagggcgacaccectggtgaaccgcatcgagectgaag
ggcatcgacttcaaggaggacggcaacatcctggggcacaagctggagtacaactacaacagcc
acaacgtctatatcatggccgacaagcagaagaacggcatcaaggtgaacttcaagatcecgecca
caacatcgaggacggcagcgtgcagctcgceccgaccactaccagcagaacacccceccatecggecgac
ggcccegtgcetgcectgcecccecgacaaccactacctgagcacccagtcececgececctgagcaaagacceca
acgagaagcgcgatcacatggtcctgctggagttcgtgaccgececgecgggatcactcteggeat
ggacgagctgtacaagtaaaatcaacctctggattacaaaatttgtgaaagattgactggtatt
cttaactatgttgctccttttacgctatgtggatacgctgctttaatgecctttgtatcatgecta
ttgcttccegtatggctttcattttctcecteccttgtataaatecctggttgectgtcectectttatga
ggagttgtggcccgttgtcaggcaacgtggcgtggtgtgcactgtgtttgctgacgcaacccce
actggttggggcattgccaccacctgtcagctcectttccgggactttecgetttecccectececcta
ttgccacggcggaactcatcgceccgcectgecttgececgectgetggacaggggectecggetgttggg
cactgacaattccgtggtgttgtcggggaaatcatcgtcectttecttggectgectcegectgtgtt
gccacctggattctgcecgecgggacgtcecttcectgectacgtececctteggeecctcaatccageggace
ttcctteccegeggectgetgeccggectcectgeggectettecegegtecttegecttegeecctecagac
gagtcggatctccctttgggeccgcectececcgcaataaaggaaatttattttcattgcaatagtyg
tgttggaattttttgtgtctctcactcggaaggacatggtgtggaaagtccccaggectceccccag
caggcagaagtatgcaaagcatgcatctcaattagtcagcaaccaaattaaagtaacccataac
ttcgtatagcatacattatacgaagttatgaagttcctattctctagaaagtataggaacttct
agtcacctatttcagcatactacgcgcgtagtatgctgaaataggtttatcagcacacaatagt
ccattatacgcgcgtataatggcaattgtgtgctgattgggttactttaattggtgtggaaagt
ccccaggctceccccagcaggcadgaagtatgcaaagcatgcatctcaattagtcagcaacca



-102 -

SEQ ID NO:24 SS*-CMV-UTR1-SecNLuc-2A-eGFP-3'UTR[2huBGpA-A120]-SS*

cccgggaggtaccgagctcecttacgcecgtgctagaattaaagtaacccaatcagcacacaattgec
attatacgcgcgtataatggactattgtgtgctgataaacctatttcagcatactacgcgcecgta
gtatgctgaaataggtgactagaagttcctatactttctagagaataggaacttcataacttcyg
tataatgtatgctatacgaagttatgggttactttaatttggttgctgactaattgagatgcat
gctttgcatacttctgcecctgetggggagectggggactttccacacctggttgetgactaattyg
agatgcatgctttgcatacttctgecctgctggggagecctggggacttteccacaccecctgggteg
acgacattgattattgactagttattaatagtaatcaattacggggtcattagttcatagccca
tatatggagttccgcgttacataacttacggtaaatggcccgcectggectgaccgecccaacgacce
ccecgcccattgacgtcaataatgacgtatgttcecccatagtaacgccaatagggactttceccattg
acgtcaatgggtggagtatttacggtaaactgcccacttggcagtacatcaagtgtatcatatyg
ccaagtacgccccecctattgacgtcaatgacggtaaatggeccecgectggcattatgecccagtaca
tgaccttatgggactttcctacttggcagtacatctacgtattagtcatcgctattaccatggt
gatgcggttttggcagtacatcaatgggcgtggatagcggtttgactcacggggatttccaagt
ctccaccccecattgacgtcaatgggagtttgttttggcaccaaaatcaacgggactttccaaaat
gtcgtaacaactccgccecccattgacgcaaatgggecggtaggegtgtacggtgggaggtctatat
aagcagagctctgccttctcecceccectectgtgagtttggtaagtcgacgggeccgggectgggecggyg
tccgggceccgggtegttggatccecccactacageccgatactcaagecttgacgaattcgagtatece
aaggtagtggactagtgtgacgctgctgacccctttctttcececttcectgcaggttggtgtacagt
agcttccaaattgattaattcgagcgaacgcgtcecgeccaccatgaacteccttctceccacaagecgcece
ttcggtccagttgeccttcecteccctgggectgectectggtgttgectgetgecttececctgeccecag
tcttcacactcgaagatttcgttggggactggcgacagacagccggctacaacctggaccaagt
ccttgaacagggaggtgtgtccagtttgtttcagaatctecggggtgtccgtaactceccgatccaa
aggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcececgtatgaag
gtctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatga
tcatcactttaaggtgatcctgcactatggcacactggtaatcgacggggttacgceccgaacatg
atcgactatttcggacggccgtatgaaggcatcecgecgtgttcgacggcaaaaagatcactgtaa
cagggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaacccecgacggectceect
gctgttccgagtaaccatcaacggagtgaccggctggecggctgtgecgaacgcattectggegget
agcgctactaacttcagcctgctgaagcaggctggagacgtggaggagaaccctggacctggaa
gcggagagggcagaggaagtctgctaacatgcggtgacgtcgaggagaatcctggacctggatc
cggaatggtgagcaagggcgaggagctgttcaccggggtggtgcccatcecctggtcecgagetggac
ggcgacgtaaacggccacaagttcagcecgtgtccggcgagggcgagggcegatgeccacctacggceca
agctgaccctgaagttcatctgcaccaccggcaagectgcecccecgtgecctggeccaccecctegtgac
caccctgacctacggcgtgcagtgcttcagcecgctaccceccecgaccacatgaagcagcacgacttce
ttcaagtccgccatgcccgaaggctacgtccaggagecgcaccatcttecttcaaggacgacggeca
actacaagacccgcgccgaggtgaagttcgagggcgacaccctggtgaaccgcatcgagectgaa
gggcatcgacttcaaggaggacggcaacatcctggggcacaagctggagtacaactacaacagc
cacaacgtctatatcatggccgacaagcagaagaacggcatcaaggtgaacttcaagatccgcec
acaacatcgaggacggcagcgtgcagctcgeccgaccactaccagcagaacacceccatcggecga
cggccccegtgcectgetgceccgacaaccactacctgagcacccagtceccgecctgagcaaagacccec
aacgagaagcgcgatcacatggtcctgctggagttcgtgaccgceccgecgggatcactcecteggea
tggacgagctgtacaagtaagctcgctttcttgctgtccaatttctattaaaggttectttgtt
ccctaagtccaactactaaactgggggatattatgaagggccttgagecatctggattctgecta
ataaaaaacatttattttcattgcaagctcgctttcttgctgtccaatttctattaaaggttce
tttgttccctaagtccaactactaaactgggggatattatgaagggccttgagcatctggattc
tgcctaataaaaaacatttattttcattgcaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaasaasaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
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daaaaaaaaaaaaaaaaaaaaaaactcggaaggacatggtgtggaaagtccceccaggctcececcag
caggcagaagtatgcaaagcatgcatctcaattagtcagcaaccaggtgtggaaagtccccagyg
ctccceccagcaggcagaagtatgcaaagcatgcatctcaattagtcagcaaccaaattaaagtaa
cccataacttcgtatagcatacattatacgaagttatgaagttcctattctctagaaagtatag
gaacttctagtcacctatttcagcatactacgcgcgtagtatgctgaaataggtttatcagcac
acaatagtccattatacgcgcgtataatggcaattgtgtgctgattgggttactttaatttgga
tcecgtcgaccgatgcecceccttgagageccttcaacccagtcagectectteceggtgggegeggggeat
gactatcgtcgccgcacttatgactgtcttctttatcatgcaactcecgtaggacaggtgccggca
gcgctcecttececgettectegectcactgactecgetgegeteggtegttecggetgecggegageggta
tcagctcactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaaca
tgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgegttgectggegtttttcca
taggctccgcecceccectgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccyg
acaggactataaagataccaggcgtttccccecctggaagcteccectecgtgegetectectgttcecga
ccectgecgettacecggatacctgtecegectttcectececttecgggaagegtggegetttectcatag
ctcacgctgtaggtatctcagttcggtgtaggtcgttcecgetceccaagectgggetgtgtgcacgaa
cceccecceccgttcageccgaccgcectgegecttateccggtaactatecgtettgagtccaaccecggtaa
gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtagyg
cggtgctacagagttcttgaagtggtggcctaactacggctacactagaagaacagtatttggt
atctgcgctctgctgaagccagttaccttcggaaaaagagttggtagectecttgatccggcaaac
aaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaagyg
atctcaagaagatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgt
taagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaat
gaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaat
cagtgaggcacctatctcagcgatctgtctatttcgttcatccatagttgectgactceccececgtce
gtgtagataactacgatacgggagggcttaccatctggccccagtgctgcaatgataccgcgag
acccacgctcaccggctccagatttatcagcaataaaccagccagccggaagggceccgagegeayg
aagtggtcctgcaactttatccgecctceccatceccagtctattaattgttgeccgggaagctagagta
agtagttcgccagttaatagtttgcgcaacgttgttgeccattgectacaggcatecgtggtgtcac
gctegtcegtttggtatggcttcattcagectcececggttcccaacgatcaaggcgagttacatgate
ccceccatgttgtgcaaaaaagcggttagctceccttcecggtectecgatecgttgtcagaagtaagttyg
gccgcagtgttatcactcatggttatggcagcactgcataattctcecttactgtcatgceccatcecyg
taagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggecg
accgagttgctcttgcccggcecgtcaatacgggataataccgcgccacatagcagaactttaaaa
gtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgectgttgagat
ccagttcgatgtaacccactcgtgcacccaactgatcttcagcatcttttactttcaccagegt
ttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaa
tgttgaatactcatactcttcctttttcaatattattgaagcatttatcagggttattgtctca
tgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgcecgcacatttecc
ccgaaaagtgccacctgacgcgccctgtageggcgcecattaagecgeggecgggtgtggtggttacg
cgcagcgtgaccgctacacttgccagcecgceccecctagegceccgcectectttegetttettececttect
ttctcgccacgttecgecggettteccececgtcaagectectaaatcgggggcteecctttagggttecg
atttagtgctttacggcacctcgaccccaaaaaacttgattagggtgatggttcacgtagtggyg
ccatcgcceccectgatagacggtttttcgecctttgacgttggagtccacgttctttaatagtggac
tcttgttccaaactggaacaacactcaaccctatctecggtctattecttttgatttataagggat
tttgccgatttcggcectattggttaaaaaatgagctgatttaacaaaaatttaacgcgaatttt
aacaaaatattaacgcttacaatttgccattcgccattcaggctgcgcaactgttgggaagggce
gatcggtgcgggcecctcecttcecgectattacgeccagecccaagectaccatgataagtaagtaatattaa
ggtacgtggaggttttacttgctttaaaaaacctcccacacctcceccececctgaacctgaaacataa
aatgaatgcaattgttgttgttaacttgtttattgcagcttataatggttacaaataaagcaat
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agcatcacaaatttcacaaataaagcatttttttcactgcattctagttgtggtttgtccaaac
tcatcaatgtatcttatggtactgtaactgagctaacataa

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

cccgggaggtaccgagctcecttacgcecgtgctagaattaaagtaacccaatcagcacacaattgec
attatacgcgcgtataatggactattgtgtgctgataaacctatttcagcatactacgcgcecgta
gtatgctgaaataggtgactagaagttcctatactttctagagaataggaacttcataacttcyg
tataatgtatgctatacgaagttatgggttactttaatttggttgctgactaattgagatgcat
gctttgcatacttctgcecctgetggggagectggggactttccacacctggttgetgactaattyg
agatgcatgctttgcatacttctgecctgctggggagecctggggacttteccacaccecctgggteg
acgggactttccggggcggggcacgtggtgcacgggactttccgtgcacgtgcacgggacttte
cgggactttccgggactttcecgtgcaccacgtggggacttteccgtgcacgacattgattattga
ctagttattaatagtaatcaattacggggtcattagttcatagcccatatatggagttccgegt
tacataacttacggtaaatggcccgecctggctgaccgcecccaacgaccececcgeccattgacgtcea
ataatgacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagt
atttacggtaaactgcccacttggcagtacatcaagtgtatcatatgccaagtacgcccccectat
tgacgtcaatgacggtaaatggcccgcecctggcattatgcccagtacatgaccttatgggacttt
cctacttggcagtacatctacgtattagtcatcgctattaccatggtgatgecggttttggcagt
acatcaatgggcgtggatagcggtttgactcacggggatttccaagtctccaccccattgacgt
caatgggagtttgttttggcaccaaaatcaacgggactttccaaaatgtcgtaacaactccgcec
ccattgacgcaaatgggcggtaggcgtgtacggtgggaggtctatataagcagagctctgectt
ctcceccectectgtgagtttggtaagtcgacgggeccgggcectgggecgggteccgggecgggtegttg
gatccccactacagcccecgatactcaagecttgacgaattcgagtatccaaggtagtggactagtyg
tgacgctgctgacccecctttcttteccttctgecaggttggtgtacagtagecttccaaattgatta
attcgagcgaacgcgtcgccaccatgaactceccttctccacaagegectteggteccagttgectt
ctcceccectgggcectgetcectggtgttgectgetgectteccctgecccagtecttcacactcgaagat
ttcgttggggactggcgacagacagccggctacaacctggaccaagtceccttgaacagggaggtg
tgtccagtttgtttcagaatctcggggtgtcecgtaactccgatccaaaggattgtectgagegyg
tgaaaatgggctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggecgaccaa
atgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtga
tcctgcactatggcacactggtaatcgacggggttacgceccgaacatgatcgactatttecggacyg
gccgtatgaaggcatcgceccecgtgttcgacggcaaaaagatcactgtaacagggaccectgtggaac
ggcaacaaaattatcgacgagcgcctgatcaaccccgacggctcecectgetgtteccgagtaacca
tcaacggagtgaccggctggcggctgtgcgaacgcattctggecggctagegectactaacttcag
cctgctgaagcaggctggagacgtggaggagaaccctggacctggaagcggagagggcagagga
agtctgctaacatgcggtgacgtcgaggagaatcctggacctggatccggaatggtgagcaagyg
gcgaggagctgttcaccggggtggtgecccatcecctggtcgagectggacggecgacgtaaacggcecca
caagttcagcgtgtccggcgagggcgagggcgatgceccacctacggcaagctgaccctgaagttce
atctgcaccaccggcaagctgcccecgtgceccecctggceccaccctegtgaccacccectgacctacggeg
tgcagtgcttcagccgctaccceccgaccacatgaagcagcacgacttcttcaagteccgececatgec
cgaaggctacgtccaggagcgcaccatcttcttcaaggacgacggcaactacaagaccecgcecgcec
gaggtgaagttcgagggcgacaccctggtgaaccgcatcgagctgaagggcatcgacttcaagyg
aggacggcaacatcctggggcacaagctggagtacaactacaacagccacaacgtctatatcat
ggccgacaagcagaagaacggcatcaaggtgaacttcaagatcecgceccacaacatcgaggacggce
agcgtgcagctcgeccgaccactaccagcagaacacccecatecggcgacggcecceccgtgetgetge
ccgacaaccactacctgagcacccagtccgcectgagcaaagaccceccaacgagaagcecgcegatca
catggtcctgctggagttcgtgaccgceccgececgggatcactectecggcatggacgagetgtacaag
taagctcgctttcttgctgtccaatttctattaaaggttcctttgttececctaagtccaactact
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aaactgggggatattatgaagggccttgagcatctggattctgecctaataaaaaacatttattt
tcattgcaagctcgctttcttgctgtccaatttctattaaaggttcectttgttececctaagtceca
actactaaactgggggatattatgaagggccttgagcatctggattctgecctaataaaaaacat
ttattttcattgcaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaasaasaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaactcggaaggacatggtgtggaaagtccccaggctcecccagcaggcagaagtatgcaa
agcatgcatctcaattagtcagcaaccaggtgtggaaagtcceccaggctceccceccagcaggcagaa
gtatgcaaagcatgcatctcaattagtcagcaaccaaattaaagtaacccataacttcgtatag
catacattatacgaagttatgaagttcctattctctagaaagtataggaacttctagtcaccta
tttcagcatactacgcgcgtagtatgctgaaataggtttatcagcacacaatagtccattatac
gcgcgtataatggcaattgtgtgctgattgggttactttaatttggatcegtcgaccgatgece
ttgagagccttcaacccagtcagctecctteccggtgggecgeggggcatgactategtegecgeac
ttatgactgtcttctttatcatgcaactcgtaggacaggtgeccggcagecgectecttcecegettect
cgctcactgactcgctgecgectcecggtegttecggectgeggecgageggtatcagectcactcaaaggce
ggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccag
caaaaggccaggaaccgtaaaaaggccgcecgttgctggegtttttccataggctceccgececceccecectg
acgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagata
ccaggcgtttcccceccectggaagcectecctegtgegetectectgttecgacecctgececgettaccgga
tacctgtccgcectttcteccttcgggaagegtggegetttctcatagetcacgetgtaggtatce
tcagttcggtgtaggtcgttcgctccaagetgggctgtgtgcacgaacccecceccgttcageccga
ccgctgegecttatceccggtaactatecgtcttgagtccaacceggtaagacacgacttatcecgeca
ctggcagcagccactggtaacaggattagcagagcgaggtatgtaggecggtgctacagagttct
tgaagtggtggcctaactacggctacactagaagaacagtatttggtatctgcgctctgcectgaa
gccagttaccttcggaaaaagagttggtagctcecttgatccggcaaacaaaccaccgctggtage
ggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctt
tgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcat
gagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaatc
taaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatct
cagcgatctgtctatttcecgttcatccatagttgcecctgactceccecgtegtgtagataactacgat
acgggagggcttaccatctggccccagtgctgcaatgataccgecgagacccacgctcaccggcet
ccagatttatcagcaataaaccagccagccggaagggccgagcgcagaagtggtectgecaactt
tatccgcecctceccatccagtctattaattgttgecgggaagctagagtaagtagttcgecagttaa
tagtttgcgcaacgttgttgccattgctacaggcatcgtggtgtcacgectegtegtttggtatg
gcttcattcagctcecggttcccaacgatcaaggcgagttacatgatccecceccatgttgtgcaaaa
aagcggttagctccttcecggtcectceccgatecgttgtcagaagtaagttggececgcagtgttatcact
catggttatggcagcactgcataattctcttactgtcatgccatccgtaagatgcttttctgtyg
actggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgctecttgee
cggcgtcaatacgggataataccgcgccacatagcagaactttaaaagtgctcatcattggaaa
acgttcttcggggcgaaaactctcaaggatcttaccgectgttgagatccagttcgatgtaacce
actcgtgcacccaactgatcttcagcatcttttactttcaccagecgtttctgggtgagcaaaaa
caggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttgaatactcatact
cttcctttttcaatattattgaagcatttatcagggttattgtctcatgagcggatacatattt
gaatgtatttagaaaaataaacaaataggggttccgecgcacatttcceccgaaaagtgceccaccectyg
acgcgccctgtagecggcecgcattaagegeggegggtgtggtggttacgegecagegtgaccecgetac
acttgccagcgccctagcecgececgcectectttegetttectteecttectttectecgecacgttegee
ggctttccececgtcaagcectctaaatcgggggctecectttagggtteccgatttagtgetttacgge
acctcgaccccaaaaaacttgattagggtgatggttcacgtagtgggccatcgececctgatagac
ggtttttcgcceccectttgacgttggagtccacgttctttaatagtggactcttgttccaaactgga
acaacactcaaccctatctcecggtctattcttttgatttataagggattttgeccgattteggect
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attggttaaaaaatgagctgatttaacaaaaatttaacgcgaattttaacaaaatattaacgct
tacaatttgccattcgccattcaggctgcgcaactgttgggaagggcgatcggtgecgggectcet
tcgctattacgccagcecccaagctaccatgataagtaagtaatattaaggtacgtggaggtttta
cttgctttaaaaaacctcccacacctcecceccctgaacctgaaacataaaatgaatgcaattgttg
ttgttaacttgtttattgcagcttataatggttacaaataaagcaatagcatcacaaatttcac
aaataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatcttat
ggtactgtaactgagctaacataa

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

cccgggaggtaccgagctcecttacgcecgtgctagaattaaagtaacccaatcagcacacaattgec
attatacgcgcgtataatggactattgtgtgctgataaacctatttcagcatactacgcgcecgta
gtatgctgaaataggtgactagaagttcctatactttctagagaataggaacttcataacttcyg
tataatgtatgctatacgaagttatgggttactttaatttggttgctgactaattgagatgcat
gctttgcatacttctgcecctgetggggagectggggactttccacacctggttgetgactaattyg
agatgcatgctttgcatacttctgecctgctggggagecctggggacttteccacaccecctgggteg
acgggactttccggggcggggcacgtggtgcacgggactttccgtgcacgtgcacgggacttte
cgggactttccgggactttcecgtgcaccacgtggggacttteccgtgcacgacattgattattga
ctagttattaatagtaatcaattacggggtcattagttcatagcccatatatggagttccgegt
tacataacttacggtaaatggcccgecctggctgaccgcecccaacgaccececcgeccattgacgtcea
ataatgacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagt
atttacggtaaactgcccacttggcagtacatcaagtgtatcatatgccaagtacgcccccectat
tgacgtcaatgacggtaaatggcccgcecctggcattatgcccagtacatgaccttatgggacttt
cctacttggcagtacatctacgtattagtcatcgctattaccatggtgatgecggttttggcagt
acatcaatgggcgtggatagcggtttgactcacggggatttccaagtctccaccccattgacgt
caatgggagtttgttttggcaccaaaatcaacgggactttccaaaatgtcgtaacaactccgcec
ccattgacgcaaatgggcggtaggcgtgtacggtgggaggtctatataagcagagctctgectt
ctcceccectectgtgagtttggtaagtcgacgggeccgggcectgggecgggteccgggecgggtegttg
gatccccactacagcccecgatactcaagecttgacgaattcgagtatccaaggtagtggactagtyg
tgacgctgctgacccecctttcttteccttctgecaggttggtgtacagtagecttccaaattgatta
attcgagcgaacgcgtcgccaccatgaactceccttctccacaagegectteggteccagttgectt
ctcceccectgggcectgetcectggtgttgectgetgectteccctgecccagtecttcacactcgaagat
ttcgttggggactggcgacagacagccggctacaacctggaccaagtceccttgaacagggaggtg
tgtccagtttgtttcagaatctcggggtgtcecgtaactccgatccaaaggattgtectgagegyg
tgaaaatgggctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggecgaccaa
atgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtga
tcctgcactatggcacactggtaatcgacggggttacgceccgaacatgatcgactatttecggacyg
gccgtatgaaggcatcgceccecgtgttcgacggcaaaaagatcactgtaacagggaccectgtggaac
ggcaacaaaattatcgacgagcgcctgatcaaccccgacggctcecectgetgtteccgagtaacca
tcaacggagtgaccggctggcggctgtgcgaacgcattctggecggctagegectactaacttcag
cctgctgaagcaggctggagacgtggaggagaaccctggacctggaagcggagagggcagagga
agtctgctaacatgcggtgacgtcgaggagaatcctggacctggatccggaatggtgagcaagyg
gcgaggagctgttcaccggggtggtgecccatcecctggtcgagectggacggecgacgtaaacggcecca
caagttcagcgtgtccggcgagggcgagggcgatgceccacctacggcaagctgaccctgaagttce
atctgcaccaccggcaagctgcccecgtgceccecctggceccaccctegtgaccacccectgacctacggeg
tgcagtgcttcagccgctaccceccgaccacatgaagcagcacgacttcttcaagteccgececatgec
cgaaggctacgtccaggagcgcaccatcttcttcaaggacgacggcaactacaagaccecgcecgcec
gaggtgaagttcgagggcgacaccctggtgaaccgcatcgagctgaagggcatcgacttcaagyg
aggacggcaacatcctggggcacaagctggagtacaactacaacagccacaacgtctatatcat
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ggccgacaagcagaagaacggcatcaaggtgaacttcaagatcecgceccacaacatcgaggacggce
agcgtgcagctcgeccgaccactaccagcagaacacccecatecggcgacggcecceccgtgetgetge
ccgacaaccactacctgagcacccagtccgcectgagcaaagaccceccaacgagaagcecgcegatca
catggtcctgctggagttcgtgaccgceccgececgggatcactectecggcatggacgagetgtacaag
taaaatcaacctctggattacaaaatttgtgaaagattgactggtattcttaactatgttgctc
cttttacgctatgtggatacgctgctttaatgcecctttgtatcatgctattgecttceccegtatgge
tttcattttctectecttgtataaatecctggttgectgtctectttatgaggagttgtggececgtt
gtcaggcaacgtggcgtggtgtgcactgtgtttgctgacgcaacccccactggttggggecattyg
ccaccacctgtcagctcecctttceccgggactttegectttceccececcecteectattgeccacggeggaact
catcgccgcectgcececttgecegetgectggacaggggectcecggetgttgggcactgacaattcececgtyg
gtgttgtcggggaaatcatcgtcctttcececttggectgectegectgtgttgecacctggattectge
gcgggacgtceccttctgcectacgtcecceccttecggecectcaateccageggaccttecttecececgeggect
gctgccecggectcectgeggectcecttecgegtettegecttegecctcagacgagtecggatctecectt
tgggccgcctcecceccecegegetegetttettgetgtccaatttctattaaaggttecctttgttcecect
aagtccaactactaaactgggggatattatgaagggccttgagcatctggattctgcecctaataa
aaaacatttattttcattgcaagctcgctttcttgctgtccaatttctattaaaggttcectttyg
ttccctaagtccaactactaaactgggggatattatgaagggccttgagcatctggattcectgec
taataaaaaacatttattttcattgcaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaasaasaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
daaaaaaaaaaaaaaaaaaactcggaaggacatggtgtggaaagtccccaggectceccecccagcagyg
cagaagtatgcaaagcatgcatctcaattagtcagcaaccaggtgtggaaagtccccaggctcecc
ccagcaggcagaagtatgcaaagcatgcatctcaattagtcagcaaccaaattaaagtaaccca
taacttcgtatagcatacattatacgaagttatgaagttcctattctctagaaagtataggaac
ttctagtcacctatttcagcatactacgcgcgtagtatgctgaaataggtttatcagcacacaa
tagtccattatacgcgcgtataatggcaattgtgtgctgattgggttactttaatttggatceccg
tcgaccgatgcccttgagagceccttcaacccagtcagcectecttececggtgggegeggggcatgact
atcgtcgeccgcacttatgactgtcttcectttatcatgcaactecgtaggacaggtgcecggcagecge
tcttcececgecttectegetecactgactegectgegeteggtegttecggectgeggegageggtatecag
ctcactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtg
agcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgecgttgetggegtttttecatagyg
ctccgecceccceccectgacgagcatcacaaaaatcgacgctcaagtcagaggtggcecgaaacccgacag
gactataaagataccaggcgtttcccecctggaagcteccectegtgegectectectgttecgaccect
gccgcttaccggatacctgtecgectttecteecttecgggaagegtggegetttctecatagetca
cgctgtaggtatctcagttcggtgtaggtecgttcgetccaagcectgggetgtgtgcacgaacccec
ccgttcagcecccgaccgcectgegecttateccggtaactatcgtecttgagtceccaacccggtaagaca
cgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggt
gctacagagttcttgaagtggtggcctaactacggctacactagaagaacagtatttggtatct
gcgctcectgcectgaagceccagttaccttcggaaaaagagttggtagectcttgatccggcaaacaaac
caccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatct
caagaagatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaag
ggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaag
ttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagt
gaggcacctatctcagcgatctgtctatttcgttcatccatagttgecctgacteccececgtegtgt
agataactacgatacgggagggcttaccatctggccccagtgctgcaatgataccgcgagacce
acgctcaccggctccagatttatcagcaataaaccageccageccggaagggceccgagecgcagaagt
ggtcctgcaactttatccgecctceccateccagtctattaattgttgeccgggaagctagagtaagta
gttcgccagttaatagtttgcgcaacgttgttgccattgctacaggcatecgtggtgtcacgete
gtcgtttggtatggcttcattcagctcecggttcccaacgatcaaggcgagttacatgatceccce
atgttgtgcaaaaaagcggttagctccttcggtcecteccgatecgttgtcagaagtaagttggecyg
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cagtgttatcactcatggttatggcagcactgcataattctcttactgtcatgccatccgtaag
atgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccyg
agttgctcttgccecggcecgtcaatacgggataataccgecgceccacatagcagaactttaaaagtge
tcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgectgttgagatccag
ttcgatgtaacccactcgtgcacccaactgatcttcagcatcttttactttcaccagegtttcet
gggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgtt
gaatactcatactcttcctttttcaatattattgaagcatttatcagggttattgtctcatgag
cggatacatatttgaatgtatttagaaaaataaacaaataggggttccgcgcacatttccccga
aaagtgccacctgacgcgcccectgtageggecgcattaagecgeggecgggtgtggtggttacgegea
gcgtgaccgctacacttgceccagecgecctagegecceccecgetectttegetttetteccttectttet
cgccacgttcgecggcectttcececceccecgtcaagectctaaatcgggggcectecectttagggttcecegattt
agtgctttacggcacctcgaccccaaaaaacttgattagggtgatggttcacgtagtgggceccat
cgccctgatagacggtttttcecgecectttgacgttggagtccacgttectttaatagtggactctt
gttccaaactggaacaacactcaaccctatctecggtctattcttttgatttataagggattttyg
ccgatttcggecctattggttaaaaaatgagctgatttaacaaaaatttaacgcgaattttaaca
aaatattaacgcttacaatttgccattcgccattcaggctgecgcaactgttgggaagggcgatc
ggtgcgggcctcecttegcectattacgccagecccaagctaccatgataagtaagtaatattaaggta
cgtggaggttttacttgctttaaaaaacctcccacacctcecceccecctgaacctgaaacataaaatyg
aatgcaattgttgttgttaacttgtttattgcagcttataatggttacaaataaagcaatagca
tcacaaatttcacaaataaagcatttttttcactgcattctagttgtggtttgtccaaactcat
caatgtatcttatggtactgtaactgagctaacataa

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

cccgggaggtaccgagctcecttacgcecgtgctagaattaaagtaacccaatcagcacacaattgec
attatacgcgcgtataatggactattgtgtgctgataaacctatttcagcatactacgcgcecgta
gtatgctgaaataggtgactagaagttcctatactttctagagaataggaacttcataacttcyg
tataatgtatgctatacgaagttatgggttactttaatttggttgctgactaattgagatgcat
gctttgcatacttctgcecctgetggggagectggggactttccacacctggttgetgactaattyg
agatgcatgctttgcatacttctgecctgctggggagecctggggacttteccacaccecctgggteg
acgcacacgaccacaattccactgaaagcattttaatacggaacttgtcactcccagggagect
ccgctcagceccggcagttggttcatttcaatcecccacgacaacccttcaaagtgcagggcagaca
gcaggtggctctgcccaggcgcctggatcacagcecceccggectgecagecctcacctgggecgegggyg
agaccctgaggacgctcctceccaggcecggcegcectggcecggggcecctgcecggacacggacgggegggetyg
agctcecgggacccctceceoeccgegeccegcaccecgecacececgeacecegcaccecgecaceccggceg
ctcaccecgtceccagececegeegceecgecagececagetgecaacgcagecacecgecgecategeac
ccggceccceccgcegggcegcettececgggacgcaggaggcatcectgecatececggggecgecgetgagteeccge
ccagagccccgceccceccecggctceccaggttcectgegageggecttececgeecgggetgeteccgegggegeg
tcggccatgagcgagttgcececgggcegacgtgecgggegtttectgecgggagcaccecgagectgegge
tccagacggacgcccgcaaggttegcagecgegggaggggaacggagtggecggagaagggegeag
ttgggatgaggggctgaggggagggcaggggagaggagagggcaggggagaggggagaggggag
agcaggagagaggggaaggcaggggagagggcgcggcgggatcaggggaggagagggaagggac
tttccggggcggggcacgtggtgcacgggactttcegtgcacgtgcacgggactttcecgggact
ttccgggactttcececgtgcaccacgtggggactttcecgtgcacgacattgattattgactagtta
ttaatagtaatcaattacggggtcattagttcatagcccatatatggagttccgecgttacataa
cttacggtaaatggcccgcctggectgaccgcceccaacgacccecgceccattgacgtcaataatga
cgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagtatttacg
gtaaactgcccacttggcagtacatcaagtgtatcatatgccaagtacgecccecctattgacgte
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aatgacggtaaatggcccgcectggcattatgcecccagtacatgaccttatgggactttcecctactt
ggcagtacatctacgtattagtcatcgctattaccatggtgatgecggttttggcagtacatcaa
tgggcgtggatagcggtttgactcacggggatttccaagtctccaccccattgacgtcaatggg
agtttgttttggcaccaaaatcaacgggactttccaaaatgtcgtaacaactcecgceccccattga
cgcaaatgggcggtaggcgtgtacggtgggaggtctatataagcagagctctgecttctceccectce
ctgtgagtttggtaagtcgacgggccgggectgggecgggteccgggececgggtegttggatceccec
actacagcccgatactcaagcttgacgaattcgagtatccaaggtagtggactagtgtgacgect
gctgacccctttectttececttectgcaggttggtgtacagtagettccaaattgattaattcgag
cgaacgcgtcgccaccatgaactceccttctceccacaagecgecttecggteccagttgecttecteecctg
ggcctgctcecctggtgttgectgectgecttcececctgecccagtcecttcacactecgaagatttegttyg
gggactggcgacagacagccggctacaacctggaccaagtccttgaacagggaggtgtgtccag
tttgtttcagaatctcggggtgtceccgtaacteccgatccaaaggattgtecctgageggtgaaaat
gggctgaagatcgacatccatgtcatcatccegtatgaaggtctgagecggcgaccaaatgggcece
agatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgeca
ctatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacggeccgtat
gaaggcatcgccgtgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaaca
aaattatcgacgagcgcctgatcaaccccgacggcteccecctgectgtteccgagtaaccatcaacgyg
agtgaccggctggcggctgtgcgaacgcattctggcecggctagegctactaacttcagectgetyg
aagcaggctggagacgtggaggagaaccctggacctggaagcggagagggcagaggaagtctge
taacatgcggtgacgtcgaggagaatcctggacctggatccggaatggtgagcaagggcgagga
gctgttcaccggggtggtgcccatcecctggtcgagectggacggcgacgtaaacggccacaagtte
agcgtgtccggcgagggcgagggcgatgceccacctacggcaagctgaccctgaagttcatectgea
ccaccggcaagctgcccecgtgceccecctggeccaccecctegtgaccaccctgacctacggegtgcagtyg
cttcagccgctaccceccgaccacatgaagcagcacgacttecttcaagteccgecatgececcgaaggce
tacgtccaggagcgcaccatcttcecttcaaggacgacggcaactacaagacccecgecgcecgaggtga
agttcgagggcgacaccctggtgaaccgcatcgagctgaagggcatcgacttcaaggaggacgyg
caacatcctggggcacaagctggagtacaactacaacagccacaacgtctatatcatggccgac
aagcagaagaacggcatcaaggtgaacttcaagatccgccacaacatcgaggacggcagecgtge
agctcgccgaccactaccagcagaacacccceccatecggcgacggcecceccecgtgectgetgeccgacaa
ccactacctgagcacccagtccgecctgagcaaagaccccaacgagaagcgegatcacatggtce
ctgctggagttcgtgaccgccgceccecgggatcactcteggcatggacgagctgtacaagtaagectce
gctttcecttgcectgtccaatttctattaaaggttectttgttcecctaagtccaactactaaactgyg
gggatattatgaagggccttgagcatctggattctgecctaataaaaaacatttattttcattge
aagctcgctttcttgctgtccaatttctattaaaggttcctttgttcecctaagtccaactacta
aactgggggatattatgaagggccttgagcatctggattctgcctaataaaaaacatttatttt
cattgcaaaaaaaaaaaaaaaaaaaaaaaaaaaasaasaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaasaasaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
ctcggaaggacatggtgtggaaagtccccaggctcecccagcaggcagaagtatgcaaagcecatygce
atctcaattagtcagcaaccaggtgtggaaagtccccaggctceccccagcaggcagaagtatgeca
aagcatgcatctcaattagtcagcaaccaaattaaagtaacccataacttcgtatagcatacat
tatacgaagttatgaagttcctattctctagaaagtataggaacttctagtcacctatttcagce
atactacgcgcgtagtatgctgaaataggtttatcagcacacaatagtccattatacgcgcecgta
taatggcaattgtgtgctgattgggttactttaatttggatccgtcgaccgatgceccttgagag
ccttcaacccagtcagctceccecttceceggtgggecgeggggcatgactatecgtcgecgecacttatgac
tgtcttctttatcatgcaactcgtaggacaggtgcecggcagegcectectteccgettectegeteac
tgactcgctgcgcteggtegttcggectgecggegageggtatcagctcactcaaaggecggtaata
cggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaagg
ccaggaaccgtaaaaaggccgcgttgctggegtttttceccataggctcecegececcectgacgageca
tcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggcg
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tttccecectggaagcectcecectegtgegetcectectgttecgacectgecgettacecggatacctgt
ccgcectttectcececttecgggaagecgtggegetttctecatagectcacgectgtaggtatctcagttce
ggtgtaggtcgttcgctccaagctgggctgtgtgcacgaacccecececgttcageccgacecgetge
gccttatccecggtaactatcecgtecttgagtceccaaccecggtaagacacgacttatcgeccactggeag
cagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagtg
gtggcctaactacggctacactagaagaacagtatttggtatctgcgectcectgectgaageccagtt
accttcggaaaaagagttggtagctcttgatccggcaaacaaaccaccgctggtageggtggtt
tttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgatctt
ttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagatta
tcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaatctaaagta
tatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagcgat
ctgtctatttcgttcatccatagttgcctgactcecececgtecgtgtagataactacgatacgggag
ggcttaccatctggccceccagtgectgcaatgataccgecgagacccacgctcaccggcectccagatt
tatcagcaataaaccagccagccggaagggccgagegcagaagtggtectgecaactttatceccge
ctccatccagtctattaattgttgccgggaagctagagtaagtagttcgeccagttaatagtttyg
cgcaacgttgttgccattgctacaggcatcgtggtgtcacgectecgtegtttggtatggettcat
tcagctccggttcecccaacgatcaaggcgagttacatgatccecccatgttgtgcaaaaaagceggt
tagctccttcecggtcecctceccgatecgttgtcagaagtaagttggecgcagtgttatcactcatggtt
atggcagcactgcataattctcttactgtcatgccatccgtaagatgecttttctgtgactggtyg
agtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgectcttgecccggegte
aatacgggataataccgcgccacatagcagaactttaaaagtgctcatcattggaaaacgttct
tcggggcgaaaactctcaaggatcttaccgectgttgagatccagttecgatgtaacccactcecgtg
cacccaactgatcttcagcatcttttactttcaccagcgtttctgggtgagcaaaaacaggaag
gcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttgaatactcatactcttectt
tttcaatattattgaagcatttatcagggttattgtctcatgagcggatacatatttgaatgta
tttagaaaaataaacaaataggggttccgcgcacatttcceccecgaaaagtgceccacctgacgecgec
ctgtagcggcgcattaagcgcggegggtgtggtggttacgcgcagegtgaccgctacacttgec
agcgccctagcecgcecceccgctectttegetttcecttececttectttectecgecacgttecgecggettte
ccecgtcaagctctaaatcgggggetcecectttagggtteccgatttagtgectttacggcacctcecga
ccccaaaaaacttgattagggtgatggttcacgtagtgggccatcgececctgatagacggttttt
cgccctttgacgttggagtccacgttctttaatagtggactecttgttccaaactggaacaacac
tcaaccctatctcecggtctattcttttgatttataagggattttgeccgatttecggectattggtt
adaaaaatgagctgatttaacaaaaatttaacgcgaattttaacaaaatattaacgcttacaatt
tgccattcgccattcaggctgcecgcaactgttgggaagggcgatcggtgecgggectcecttegetat
tacgccagcccaagctaccatgataagtaagtaatattaaggtacgtggaggttttacttgectt
taaaaaacctcccacacctccecceccecctgaacctgaaacataaaatgaatgcaattgttgttgttaa
cttgtttattgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaa
gcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatcttatggtactyg
taactgagctaacataa

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

cccgggaggtaccgagctcecttacgcecgtgctagaattaaagtaacccaatcagcacacaattgec
attatacgcgcgtataatggactattgtgtgctgataaacctatttcagcatactacgcgcecgta
gtatgctgaaataggtgactagaagttcctatactttctagagaataggaacttcataacttcyg
tataatgtatgctatacgaagttatgggttactttaatttggttgctgactaattgagatgcat
gctttgcatacttctgcecctgetggggagectggggactttccacacctggttgetgactaattyg
agatgcatgctttgcatacttctgecctgctggggagecctggggacttteccacaccecctgggteg
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acgggactttccggggcggggcacgtggtgcacgggactttccgtgcacgtgcacgggacttte
cgggactttccgggactttcecgtgcaccacgtggggacttteccgtgcacgacattgattattga
ctagttattaatagtaatcaattacggggtcattagttcatagcccatatatggagttccgegt
tacataacttacggtaaatggcccgecctggctgaccgcecccaacgaccececcgeccattgacgtcea
ataatgacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagt
atttacggtaaactgcccacttggcagtacatcaagtgtatcatatgccaagtacgcccccectat
tgacgtcaatgacggtaaatggcccgcecctggcattatgcccagtacatgaccttatgggacttt
cctacttggcagtacatctacgtattagtcatcgctattaccatggtgatgecggttttggcagt
acatcaatgggcgtggatagcggtttgactcacggggatttccaagtctccaccccattgacgt
caatgggagtttgttttggcaccaaaatcaacgggactttccaaaatgtcgtaacaactccgcec
ccattgacgcaaatgggcggtaggcgtgtacggtgggaggtctatataagcagagctctgectt
ctcceccectectgtgagtttggtaagtcgacgggeccgggcectgggecgggteccgggecgggtegttg
gatccccactacagcccecgatactcaagecttgacgaattcgagtatccaaggtagtggactagtyg
tgacgctgctgacccecctttcttteccttctgecaggttggtgtacagtagecttccaaattgatta
attcgagcgaacgcgtcgccaccatgaactceccttctccacaagegectteggteccagttgectt
ctcceccectgggcectgetcectggtgttgectgetgectteccctgecccagtecttcacactcgaagat
ttcgttggggactggcgacagacagccggctacaacctggaccaagtceccttgaacagggaggtg
tgtccagtttgtttcagaatctcggggtgtcecgtaactccgatccaaaggattgtectgagegyg
tgaaaatgggctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggecgaccaa
atgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtga
tcctgcactatggcacactggtaatcgacggggttacgceccgaacatgatcgactatttecggacyg
gccgtatgaaggcatcgceccecgtgttcgacggcaaaaagatcactgtaacagggaccectgtggaac
ggcaacaaaattatcgacgagcgcctgatcaaccccgacggctcecectgetgtteccgagtaacca
tcaacggagtgaccggctggcggctgtgcgaacgcattctggecggctagegectactaacttcag
cctgctgaagcaggctggagacgtggaggagaaccctggacctggaagcggagagggcagagga
agtctgctaacatgcggtgacgtcgaggagaatcctggacctggatccggaatggtgagcaagyg
gcgaggagctgttcaccggggtggtgecccatcecctggtcgagectggacggecgacgtaaacggcecca
caagttcagcgtgtccggcgagggcgagggcgatgceccacctacggcaagctgaccctgaagttce
atctgcaccaccggcaagctgcccecgtgceccecctggceccaccctegtgaccacccectgacctacggeg
tgcagtgcttcagccgctaccceccgaccacatgaagcagcacgacttcttcaagteccgececatgec
cgaaggctacgtccaggagcgcaccatcttcttcaaggacgacggcaactacaagaccecgcecgcec
gaggtgaagttcgagggcgacaccctggtgaaccgcatcgagctgaagggcatcgacttcaagyg
aggacggcaacatcctggggcacaagctggagtacaactacaacagccacaacgtctatatcat
ggccgacaagcagaagaacggcatcaaggtgaacttcaagatcecgceccacaacatcgaggacggce
agcgtgcagctcgeccgaccactaccagcagaacacccecatecggcgacggcecceccgtgetgetge
ccgacaaccactacctgagcacccagtccgcectgagcaaagaccceccaacgagaagcecgcegatca
catggtcctgctggagttcgtgaccgceccgececgggatcactectecggcatggacgagetgtacaag
taaggatcccattctccttgatgtactaatttttctttaaaagtgataataatagctcceccattt
agaatttttaaataacacaacaaatgtaaagtaactaatgtgtcctctggatcatggtaagtaa
tgaataaatttaactccctttaccttctcecectttgectattttttccatgectaggatttatacat
ttttaaaaaactaaatctgctatcaaatgacagctttaaatttactttttaaaatttgttattg
tatatatttatggggtataaagtgatgttatgatatatatatacacaatgtacactgattaaat
caagccaattaacattttatcatctcaaatacttaacattttttgtagtgagaacatttgaaat
ttacttttagcaatttcaaaacatacattattattattaactatagtcaccatgatgtaccata
gatctttaaaaacttattcttcctgecctaactgaaactttgtactctttgactaacatctttte
attcccccacttcccagectcectggtaatcaccattacacactcectgecttectatgagttcaattge
tttagactccacgtaataaatgagatcatgcagcatttggctttctgtgcctggcttatceccttg
cttagcatggtgtcttacaggttcatccatgttgcaacaaataacagaatctcattctttgtta
aggctgaatactattccattgggtatatataccacattttceccttatccattaatccactgatgg
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acccttaggttgttgattccatatattggctattgtaaatagtgcagcaatgaacatgagagtyg
caactatctcttcaatgtactgatttcgaatccttecggatctatctcagaagtgagattgcagyg
atcatataattctacttttagtcttttgaggagctccatacagctttccatatggccatactaa
ttacattctcatcaacagtgtacaatggtttccttttctccacatcctcaccaacatttataat
tttttgtctttttgataatagccatctgacaggtgtaaagtgatagctcattgcagttttaatt
tgcattttttgatgattagtaatgttgagaattttttcatatatctcttggccagttgcatgtc
ttctttggaaaaatgtctattcagttcctttgcecccattttttaattgggatttttggtttcttyg
ctattgagttgtttgaattcgctcecgectttcttgctgtccaatttctattaaaggttectttgtt
ccctaagtccaactactaaactgggggatattatgaagggccttgagecatctggattctgecta
ataaaaaacatttattttcattgcaagctcgctttcttgctgtccaatttctattaaaggttce
tttgttccctaagtccaactactaaactgggggatattatgaagggccttgagcatctggattc
tgcctaataaaaaacatttattttcattgcaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaasaasaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
daaaaaaaaaaaaaaaaaaaaaaactcggaaggacatggtgtggaaagtccceccaggctcececcag
caggcagaagtatgcaaagcatgcatctcaattagtcagcaaccaggtgtggaaagtccccagyg
ctccceccagcaggcagaagtatgcaaagcatgcatctcaattagtcagcaaccaaattaaagtaa
cccataacttcgtatagcatacattatacgaagttatgaagttcctattctctagaaagtatag
gaacttctagtcacctatttcagcatactacgcgcgtagtatgctgaaataggtttatcagcac
acaatagtccattatacgcgcgtataatggcaattgtgtgctgattgggttactttaatttgga
tcecgtcgaccgatgcecceccttgagageccttcaacccagtcagectectteceggtgggegeggggeat
gactatcgtcgccgcacttatgactgtcttctttatcatgcaactcecgtaggacaggtgccggca
gcgctcecttececgettectegectcactgactecgetgegeteggtegttecggetgecggegageggta
tcagctcactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaaca
tgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgegttgectggegtttttcca
taggctccgcecceccectgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccyg
acaggactataaagataccaggcgtttccccecctggaagcteccectecgtgegetectectgttcecga
ccectgecgettacecggatacctgtecegectttcectececttecgggaagegtggegetttectcatag
ctcacgctgtaggtatctcagttcggtgtaggtcgttcecgetceccaagectgggetgtgtgcacgaa
cceccecceccgttcageccgaccgcectgegecttateccggtaactatecgtettgagtccaaccecggtaa
gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtagyg
cggtgctacagagttcttgaagtggtggcctaactacggctacactagaagaacagtatttggt
atctgcgctctgctgaagccagttaccttcggaaaaagagttggtagectecttgatccggcaaac
aaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaagyg
atctcaagaagatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgt
taagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaat
gaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaat
cagtgaggcacctatctcagcgatctgtctatttcgttcatccatagttgectgactceccececgtce
gtgtagataactacgatacgggagggcttaccatctggccccagtgctgcaatgataccgcgag
acccacgctcaccggctccagatttatcagcaataaaccagccagccggaagggceccgagegeayg
aagtggtcctgcaactttatccgecctceccatceccagtctattaattgttgeccgggaagctagagta
agtagttcgccagttaatagtttgcgcaacgttgttgeccattgectacaggcatecgtggtgtcac
gctegtcegtttggtatggcttcattcagectcececggttcccaacgatcaaggcgagttacatgate
ccceccatgttgtgcaaaaaagcggttagctceccttcecggtectecgatecgttgtcagaagtaagttyg
gccgcagtgttatcactcatggttatggcagcactgcataattctcecttactgtcatgceccatcecyg
taagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggecg
accgagttgctcttgcccggcecgtcaatacgggataataccgcgccacatagcagaactttaaaa
gtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgectgttgagat
ccagttcgatgtaacccactcgtgcacccaactgatcttcagcatcttttactttcaccagegt
ttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaa
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tgttgaatactcatactcttcctttttcaatattattgaagcatttatcagggttattgtctca
tgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgcecgcacatttecc
ccgaaaagtgccacctgacgcgccctgtageggcgcecattaagecgeggecgggtgtggtggttacg
cgcagcgtgaccgctacacttgccagcecgceccecctagegceccgcectectttegetttettececttect
ttctcgccacgttecgecggettteccececgtcaagectectaaatcgggggcteecctttagggttecg
atttagtgctttacggcacctcgaccccaaaaaacttgattagggtgatggttcacgtagtggyg
ccatcgcceccectgatagacggtttttcgecctttgacgttggagtccacgttctttaatagtggac
tcttgttccaaactggaacaacactcaaccctatctecggtctattecttttgatttataagggat
tttgccgatttcggcectattggttaaaaaatgagctgatttaacaaaaatttaacgcgaatttt
aacaaaatattaacgcttacaatttgccattcgccattcaggctgcgcaactgttgggaagggce
gatcggtgcgggcecctcecttcecgectattacgeccagecccaagectaccatgataagtaagtaatattaa
ggtacgtggaggttttacttgctttaaaaaacctcccacacctcceccececctgaacctgaaacataa
aatgaatgcaattgttgttgttaacttgtttattgcagcttataatggttacaaataaagcaat
agcatcacaaatttcacaaataaagcatttttttcactgcattctagttgtggtttgtccaaac
tcatcaatgtatcttatggtactgtaactgagctaacataa

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

cccgggaggtaccgagctcecttacgcecgtgctagaattaaagtaacccaatcagcacacaattgec
attatacgcgcgtataatggactattgtgtgctgataaacctatttcagcatactacgcgcecgta
gtatgctgaaataggtgactagaagttcctatactttctagagaataggaacttcataacttcyg
tataatgtatgctatacgaagttatgggttactttaatttggttgctgactaattgagatgcat
gctttgcatacttctgcecctgetggggagectggggactttccacacctggttgetgactaattyg
agatgcatgctttgcatacttctgecctgctggggagecctggggacttteccacaccecctgggteg
acgcacacgaccacaattccactgaaagcattttaatacggaacttgtcactcccagggagect
ccgctcagceccggcagttggttcatttcaatcecccacgacaacccttcaaagtgcagggcagaca
gcaggtggctctgcccaggcgcctggatcacagcecceccggectgecagecctcacctgggecgegggyg
agaccctgaggacgctcctceccaggcecggcegcectggcecggggcecctgcecggacacggacgggegggetyg
agctcecgggacccctceceoeccgegeccegcaccecgecacececgeacecegcaccecgecaceccggceg
ctcaccecgtceccagececegeegceecgecagececagetgecaacgcagecacecgecgecategeac
ccggceccceccgcegggcegcettececgggacgcaggaggcatcectgecatececggggecgecgetgagteeccge
ccagagccccgceccceccecggctceccaggttcectgegageggecttececgeecgggetgeteccgegggegeg
tcggccatgagcgagttgcececgggcegacgtgecgggegtttectgecgggagcaccecgagectgegge
tccagacggacgcccgcaaggttegcagecgegggaggggaacggagtggecggagaagggegeag
ttgggatgaggggctgaggggagggcaggggagaggagagggcaggggagaggggagaggggag
agcaggagagaggggaaggcaggggagagggcgcggcgggatcaggggaggagagggaagggac
tttccggggcggggcacgtggtgcacgggactttcegtgcacgtgcacgggactttcecgggact
ttccgggactttcececgtgcaccacgtggggactttcecgtgcacgacattgattattgactagtta
ttaatagtaatcaattacggggtcattagttcatagcccatatatggagttccgecgttacataa
cttacggtaaatggcccgcctggectgaccgcceccaacgacccecgceccattgacgtcaataatga
cgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagtatttacg
gtaaactgcccacttggcagtacatcaagtgtatcatatgccaagtacgecccecctattgacgte
aatgacggtaaatggcccgcectggcattatgcecccagtacatgaccttatgggactttcecctactt
ggcagtacatctacgtattagtcatcgctattaccatggtgatgecggttttggcagtacatcaa
tgggcgtggatagcggtttgactcacggggatttccaagtctccaccccattgacgtcaatggg
agtttgttttggcaccaaaatcaacgggactttccaaaatgtcgtaacaactcecgceccccattga
cgcaaatgggcggtaggcgtgtacggtgggaggtctatataagcagagctctgecttctceccectce

ctgtgagtttggtaagtcgacgggccgggectgggecgggteccgggececgggtegttggatceccec



114 -

actacagcccgatactcaagcttgacgaattcgagtatccaaggtagtggactagtgtgacgect
gctgacccctttectttececttectgcaggttggtgtacagtagettccaaattgattaattcgag
cgaacgcgtcgccaccatgaactceccttctceccacaagecgecttecggteccagttgecttecteecctg
ggcctgctcecctggtgttgectgectgecttcececctgecccagtcecttcacactecgaagatttegttyg
gggactggcgacagacagccggctacaacctggaccaagtccttgaacagggaggtgtgtccag
tttgtttcagaatctcggggtgtceccgtaacteccgatccaaaggattgtecctgageggtgaaaat
gggctgaagatcgacatccatgtcatcatccegtatgaaggtctgagecggcgaccaaatgggcece
agatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgeca
ctatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacggeccgtat
gaaggcatcgccgtgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaaca
aaattatcgacgagcgcctgatcaaccccgacggcteccecctgectgtteccgagtaaccatcaacgyg
agtgaccggctggcggctgtgcgaacgcattctggcecggctagegctactaacttcagectgetyg
aagcaggctggagacgtggaggagaaccctggacctggaagcggagagggcagaggaagtctge
taacatgcggtgacgtcgaggagaatcctggacctggatccggaatggtgagcaagggcgagga
gctgttcaccggggtggtgcccatcecctggtcgagectggacggcgacgtaaacggccacaagtte
agcgtgtccggcgagggcgagggcgatgceccacctacggcaagctgaccctgaagttcatectgea
ccaccggcaagctgcccecgtgceccecctggeccaccecctegtgaccaccctgacctacggegtgcagtyg
cttcagccgctaccceccgaccacatgaagcagcacgacttecttcaagteccgecatgececcgaaggce
tacgtccaggagcgcaccatcttcecttcaaggacgacggcaactacaagacccecgecgcecgaggtga
agttcgagggcgacaccctggtgaaccgcatcgagctgaagggcatcgacttcaaggaggacgyg
caacatcctggggcacaagctggagtacaactacaacagccacaacgtctatatcatggccgac
aagcagaagaacggcatcaaggtgaacttcaagatccgccacaacatcgaggacggcagecgtge
agctcgccgaccactaccagcagaacacccceccatecggcgacggcecceccecgtgectgetgeccgacaa
ccactacctgagcacccagtccgecctgagcaaagaccccaacgagaagcgegatcacatggtce
ctgctggagttcgtgaccgccgceccecgggatcactcteggcatggacgagctgtacaagtaaggat
cccattctcecttgatgtactaatttttctttaaaagtgataataatagctcccatttagaattt
ttaaataacacaacaaatgtaaagtaactaatgtgtcctctggatcatggtaagtaatgaataa
atttaactccctttaccttctceccecctttgctattttttccatgectaggatttatacatttttaaa
aaactaaatctgctatcaaatgacagctttaaatttactttttaaaatttgttattgtatatat
ttatggggtataaagtgatgttatgatatatatatacacaatgtacactgattaaatcaagcca
attaacattttatcatctcaaatacttaacattttttgtagtgagaacatttgaaatttacttt
tagcaatttcaaaacatacattattattattaactatagtcaccatgatgtaccatagatcttt
aaaaacttattcttcctgcctaactgaaactttgtactctttgactaacatcttttcattceccce
cacttcccagcctcectggtaatcaccattacacactcectgecttectatgagttcaattgetttagac
tccacgtaataaatgagatcatgcagcatttggctttctgtgecctggettatcecttgettagea
tggtgtcttacaggttcatccatgttgcaacaaataacagaatctcattctttgttaaggctga
atactattccattgggtatatataccacattttccttatccattaatccactgatggaccctta
ggttgttgattccatatattggctattgtaaatagtgcagcaatgaacatgagagtgcaactat
ctcttcaatgtactgatttcgaatccttcggatctatctcagaagtgagattgcaggatcatat
aattctacttttagtcttttgaggagctccatacagctttccatatggccatactaattacatt
ctcatcaacagtgtacaatggtttccttttctccacatcctcaccaacatttataattttttgt
ctttttgataatagccatctgacaggtgtaaagtgatagctcattgcagttttaatttgcattt
tttgatgattagtaatgttgagaattttttcatatatctcttggccagttgcatgtcttctttg
gaaaaatgtctattcagttcctttgcccattttttaattgggatttttggtttcttgctattga
gttgtttgaattcgctcgectttcttgectgtccaatttctattaaaggttcctttgttccecctaag
tccaactactaaactgggggatattatgaagggccttgagcatctggattctgectaataaaaa
acatttattttcattgcaagctcgctttcttgectgtccaatttctattaaaggttecctttgtte
cctaagtccaactactaaactgggggatattatgaagggccttgagcatctggattctgectaa
taaaaaacatttattttcattgcaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
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aaaaaaaaaaaaaaaaaaaaaaaaaaaaaasaasaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
daaaaaaaaaaaaaaaactcggaaggacatggtgtggaaagtccccaggctceccccagcaggcecayg
aagtatgcaaagcatgcatctcaattagtcagcaaccaggtgtggaaagtccccaggectcecccca
gcaggcagaagtatgcaaagcatgcatctcaattagtcagcaaccaaattaaagtaacccataa
cttcgtatagcatacattatacgaagttatgaagttcctattctctagaaagtataggaacttc
tagtcacctatttcagcatactacgcgcgtagtatgctgaaataggtttatcagcacacaatag
tccattatacgcgcgtataatggcaattgtgtgctgattgggttactttaatttggatccgtcg
accgatgcccecttgagagcecttcaacccagtcagectecttececggtgggegeggggcatgactate
gtcgccecgcacttatgactgtecttctttatcatgcaactecgtaggacaggtgeccggecagegetcet
tcecgcttceccectegetcactgactcecgectgegeteggtegtteggectgeggecgageggtatcagetce
actcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagc
daaaggccagcaaaaggccaggaaccgtaaaaaggceccgcgttgetggegttttteccataggete
cgcccceccectgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggac
tataaagataccaggcgtttcccectggaagctceccectecgtgegetectectgttecgacecctgec
gcttaccggatacctgtccecgectttcectcececttecgggaagegtggegetttcectcatagectcacge
tgtaggtatctcagttcggtgtaggtcgttcgctccaagectgggetgtgtgcacgaaccccececg
ttcagcccgaccgcectgegecttatececggtaactatecgtcttgagtccaaccecggtaagacacga
cttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggecggtget
acagagttcttgaagtggtggcctaactacggctacactagaagaacagtatttggtatctgecg
ctctgctgaagccagttaccttcggaaaaagagttggtagectcttgatccggcaaacaaaccac
cgctggtagcggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaa
gaagatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaaggga
ttttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttt
taaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgag
gcacctatctcagcgatctgtctatttcgttcatccatagttgecctgacteccecegtegtgtaga
taactacgatacgggagggcttaccatctggccccagtgctgcaatgataccgcgagacccacg
ctcaccggctccagatttatcagcaataaaccagccagccggaagggceccgagecgcagaagtggt
cctgcaactttatccecgectceccatceccagtctattaattgttgecgggaagctagagtaagtagtt
cgccagttaatagtttgcgcaacgttgttgccattgctacaggcatcecgtggtgtcacgectcecgtce
gtttggtatggcttcattcagctccggttcccaacgatcaaggcgagttacatgatcccececcatyg
ttgtgcaaaaaagcggttagctccttcecggtecctcececgategttgtcagaagtaagttggeccgecag
tgttatcactcatggttatggcagcactgcataattctcttactgtcatgccatcecgtaagatyg
cttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagt
tgctcttgccecggecgtcaatacgggataataccgecgceccacatagcagaactttaaaagtgctca
tcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgectgttgagatccagttc
gatgtaacccactcgtgcacccaactgatcttcagcatcttttactttcaccagegtttcectggyg
tgagcaaaaacaggaaggcaaaatgccgcaaaaaaggdaataagggcgacacggaaatgttgaa
tactcatactcttecctttttcaatattattgaagcatttatcagggttattgtctcatgagegyg
atacatatttgaatgtatttagaaaaataaacaaataggggttccgcgcacatttccceccgaaaa
gtgccacctgacgcgcceccectgtagecggegecattaagecgecggegggtgtggtggttacgecgecageyg
tgaccgctacacttgccagcgceccctagegecegectectttecgetttecttececttectttetege
cacgttcgccggcectttcecceccegtcaagcectctaaatcgggggectececctttagggtteccgatttagt
gctttacggcacctcgaccccaaaaaacttgattagggtgatggttcacgtagtgggccatcge
cctgatagacggtttttcecgceccecctttgacgttggagtccacgttctttaatagtggactecttgtt
ccaaactggaacaacactcaaccctatctcggtctattecttttgatttataagggattttgecg
atttcggcctattggttaaaaaatgagctgatttaacaaaaatttaacgcgaattttaacaaaa
tattaacgcttacaatttgccattcgccattcaggctgcgcaactgttgggaagggcgatcggt
gcgggcecctcecttcecgctattacgccagcecccaagctaccatgataagtaagtaatattaaggtacgt
ggaggttttacttgctttaaaaaacctcccacacctcecceccecctgaacctgaaacataaaatgaat
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gcaattgttgttgttaacttgtttattgcagcttataatggttacaaataaagcaatagcatca
caaatttcacaaataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaa
tgtatcttatggtactgtaactgagctaacataa

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

cccgggaggtaccgagctcecttacgcecgtgctagaattaaagtaacccaatcagcacacaattgec
attatacgcgcgtataatggactattgtgtgctgataaacctatttcagcatactacgcgcecgta
gtatgctgaaataggtgactagaagttcctatactttctagagaataggaacttcataacttcyg
tataatgtatgctatacgaagttatgggttactttaatttggttgctgactaattgagatgcat
gctttgcatacttctgcecctgetggggagectggggactttccacacctggttgetgactaattyg
agatgcatgctttgcatacttctgecctgctggggagecctggggacttteccacaccecctgggteg
acgcacacgaccacaattccactgaaagcattttaatacggaacttgtcactcccagggagect
ccgctcagceccggcagttggttcatttcaatcecccacgacaacccttcaaagtgcagggcagaca
gcaggtggctctgcccaggcgcctggatcacagcecceccggectgecagecctcacctgggecgegggyg
agaccctgaggacgctcctceccaggcecggcegcectggcecggggcecctgcecggacacggacgggegggetyg
agctcecgggacccctceceoeccgegeccegcaccecgecacececgeacecegcaccecgecaceccggceg
ctcaccecgtceccagececegeegceecgecagececagetgecaacgcagecacecgecgecategeac
ccggceccceccgcegggcegcettececgggacgcaggaggcatcectgecatececggggecgecgetgagteeccge
ccagagccccgceccceccecggctceccaggttcectgegageggecttececgeecgggetgeteccgegggegeg
tcggccatgagcgagttgcececgggcegacgtgecgggegtttectgecgggagcaccecgagectgegge
tccagacggacgcccgcaaggttegcagecgegggaggggaacggagtggecggagaagggegeag
ttgggatgaggggctgaggggagggcaggggagaggagagggcaggggagaggggagaggggag
agcaggagagaggggaaggcaggggagagggcgcggcgggatcaggggaggagagggaagggac
tttccggggcggggcacgtggtgcacgggactttcegtgcacgtgcacgggactttcecgggact
ttccgggactttcececgtgcaccacgtggggactttcecgtgcacgacattgattattgactagtta
ttaatagtaatcaattacggggtcattagttcatagcccatatatggagttccgecgttacataa
cttacggtaaatggcccgcctggectgaccgcceccaacgacccecgceccattgacgtcaataatga
cgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagtatttacg
gtaaactgcccacttggcagtacatcaagtgtatcatatgccaagtacgecccecctattgacgte
aatgacggtaaatggcccgcectggcattatgcecccagtacatgaccttatgggactttcecctactt
ggcagtacatctacgtattagtcatcgctattaccatggtgatgecggttttggcagtacatcaa
tgggcgtggatagcggtttgactcacggggatttccaagtctccaccccattgacgtcaatggg
agtttgttttggcaccaaaatcaacgggactttccaaaatgtcgtaacaactcecgceccccattga
cgcaaatgggcggtaggcgtgtacggtgggaggtctatataagcagagctctgecttctceccectce
ctgtgagtttggtaagtcgacgggccgggectgggecgggteccgggececgggtegttggatceccec
actacagcccgatactcaagcttgacgaattcgagtatccaaggtagtggactagtgtgacgect
gctgacccctttectttececttectgcaggttggtgtacagtagettccaaattgattaattcgag
cgaacgcgtcgccaccatgaactceccttctceccacaagecgecttecggteccagttgecttecteecctg
ggcctgctcecctggtgttgectgectgecttcececctgecccagtcecttcacactecgaagatttegttyg
gggactggcgacagacagccggctacaacctggaccaagtccttgaacagggaggtgtgtccag
tttgtttcagaatctcggggtgtceccgtaacteccgatccaaaggattgtecctgageggtgaaaat
gggctgaagatcgacatccatgtcatcatccegtatgaaggtctgagecggcgaccaaatgggcece
agatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgeca
ctatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacggeccgtat
gaaggcatcgccgtgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaaca
aaattatcgacgagcgcctgatcaaccccgacggcteccecctgectgtteccgagtaaccatcaacgyg
agtgaccggctggcggctgtgcgaacgcattctggcecggctagegctactaacttcagectgetyg
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aagcaggctggagacgtggaggagaaccctggacctggaagcggagagggcagaggaagtctge
taacatgcggtgacgtcgaggagaatcctggacctggatccggaatggtgagcaagggcgagga
gctgttcaccggggtggtgcccatcecctggtcgagectggacggcgacgtaaacggccacaagtte
agcgtgtccggcgagggcgagggcgatgceccacctacggcaagctgaccctgaagttcatectgea
ccaccggcaagctgcccecgtgceccecctggeccaccecctegtgaccaccctgacctacggegtgcagtyg
cttcagccgctaccceccgaccacatgaagcagcacgacttecttcaagteccgecatgececcgaaggce
tacgtccaggagcgcaccatcttcecttcaaggacgacggcaactacaagacccecgecgcecgaggtga
agttcgagggcgacaccctggtgaaccgcatcgagctgaagggcatcgacttcaaggaggacgyg
caacatcctggggcacaagctggagtacaactacaacagccacaacgtctatatcatggccgac
aagcagaagaacggcatcaaggtgaacttcaagatccgccacaacatcgaggacggcagecgtge
agctcgccgaccactaccagcagaacacccceccatecggcgacggcecceccecgtgectgetgeccgacaa
ccactacctgagcacccagtccgecctgagcaaagaccccaacgagaagcgegatcacatggtce
ctgctggagttcgtgaccgccgceccecgggatcactcteggcatggacgagctgtacaagtaaaatc
aacctctggattacaaaatttgtgaaagattgactggtattcttaactatgttgctccttttac
gctatgtggatacgctgctttaatgecctttgtatcatgectattgectteccegtatggetttcatt
ttctccteecttgtataaatcecctggttgectgtectctttatgaggagttgtggeccegttgtcagge
aacgtggcgtggtgtgcactgtgtttgctgacgcaacccccactggttggggcattgccaccac
ctgtcagctccttteccgggactttcecgectttceccectececctattgecacggeggaactcatcecgec
gcctgecttgececcecgetgcectggacaggggectcecggetgttgggecactgacaattececgtggtgttgt
cggggaaatcatcgtcctttceccttggctgectecgectgtgttgeccacctggattectgegegggac
gtccttctgctacgtcceccectteggcececctcaatccagecggaccttececttececgeggectgetgecyg
gctctgcggectcecttececgegtecttegecttecgecctcagacgagtecggatectecectttgggecyg
cctcecceccececgegcetegetttettgetgteccaatttctattaaaggttectttgttecctaagtceca
actactaaactgggggatattatgaagggccttgagcatctggattctgecctaataaaaaacat
ttattttcattgcaagctcgctttcttgctgtccaatttctattaaaggttcctttgttecceccta
agtccaactactaaactgggggatattatgaagggccttgagcatctggattctgcctaataaa
aaacatttattttcattgcaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaasaasaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
daaaaaaaaaaaactcggaaggacatggtgtggaaagtccccaggctcecceccagcaggcagaagt
atgcaaagcatgcatctcaattagtcagcaaccaggtgtggaaagtcceccaggctceccccagecag
gcagaagtatgcaaagcatgcatctcaattagtcagcaaccaaattaaagtaacccataacttc
gtatagcatacattatacgaagttatgaagttcctattctctagaaagtataggaacttctagt
cacctatttcagcatactacgcgcecgtagtatgctgaaataggtttatcagcacacaatagtcca
ttatacgcgcgtataatggcaattgtgtgctgattgggttactttaatttggatcecgtecgaccyg
atgcccttgagagceccttcaacccagtcagctecectteceggtgggecgeggggcatgactategteg
ccgcacttatgactgtcttcectttatcatgcaactecgtaggacaggtgccggcagecgectecttecg
cttcctegectcactgactecgcectgegetcecggtegtteggectgeggecgageggtatcagetcecactce
aaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaa
ggccagcaaaaggccaggaaccgtaaaaaggceccgcegttgcetggegtttttceccataggectececgee
ccecctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccecgacaggactata
aagataccaggcgtttcccecctggaagctceccecctegtgegetetectgttecgaccectgecgett
accggatacctgtceccgectttcectececttecgggaagecgtggegetttctecatagetcacgetgta
ggtatctcagttcggtgtaggtcgttcgectccaagctgggctgtgtgcacgaacceccececgttca
gcccgaccgcetgcegecttatcecggtaactatcecgtcecttgagtceccaaccecggtaagacacgactta
tcgccactggcagcagccactggtaacaggattagcagagecgaggtatgtaggecggtgctacag
agttcttgaagtggtggcctaactacggctacactagaagaacagtatttggtatctgegectct
gctgaagccagttaccttcggaaaaagagttggtagctecttgatccggcaaacaaaccaccgct
ggtagcggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaag
atcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggatttt
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ggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaa
tcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcac
ctatctcagcgatctgtctatttegttcatccatagttgectgactcececececgtegtgtagataac
tacgatacgggagggcttaccatctggccccagtgectgcaatgataccgecgagacccacgctca
ccggctceccagatttatcagcaataaaccagccagccggaagggccgagcecgcagaagtggtectyg
caactttatccgcecctccatccagtctattaattgttgeccgggaagctagagtaagtagttcgec
agttaatagtttgcgcaacgttgttgccattgctacaggcatcgtggtgtcacgectecgtegttt
ggtatggcttcattcagctccggttcccaacgatcaaggcgagttacatgatccececcatgttgt
gcaaaaaagcggttagctccttecggtecctcecgatecgttgtcagaagtaagttggececgcagtgtt
atcactcatggttatggcagcactgcataattctcttactgtcatgccatccgtaagatgettt
tctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgcet
cttgccecggcecgtcaatacgggataataccgcgccacatagcagaactttaaaagtgectcatcat
tggaaaacgttcttcggggcgaaaactctcaaggatcttaccgctgttgagatccagttcgatyg
taacccactcgtgcacccaactgatcttcagcatcttttactttcaccagegtttctgggtgag
Caaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttgaatact
catactcttcctttttcaatattattgaagcatttatcagggttattgtctcatgagcggatac
atatttgaatgtatttagaaaaataaacaaataggggttccgcgcacatttcccecgaaaagtge
cacctgacgcgceccecctgtageggcecgcattaagegeggegggtgtggtggttacgegcagegtgac
cgctacacttgccagcgcecctagegceccgcetectttegetttcecttececttectttetegecacyg
ttcgccggectttcecceccecgtcaagectctaaatcgggggcectecectttagggtteccgatttagtgett
tacggcacctcgaccccaaaaaacttgattagggtgatggttcacgtagtgggccatcgeccecctg
atagacggtttttcgccecctttgacgttggagtccacgttctttaatagtggactcttgttccaa
actggaacaacactcaaccctatctcggtctattcttttgatttataagggattttgccgattt
cggcctattggttaaaaaatgagctgatttaacaaaaatttaacgcgaattttaacaaaatatt
aacgcttacaatttgccattcgccattcaggctgcecgcaactgttgggaagggcgatcggtgegyg
gcctcecttcegetattacgceccagcecccaagctaccatgataagtaagtaatattaaggtacgtggag
gttttacttgctttaaaaaacctcccacacctcecccececctgaacctgaaacataaaatgaatgcaa
ttgttgttgttaacttgtttattgcagcttataatggttacaaataaagcaatagcatcacaaa
tttcacaaataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgta
tcttatggtactgtaactgagctaacataa

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

cccgggaggtaccgagctcecttacgcecgtgctagaattaaagtaacccaatcagcacacaattgec
attatacgcgcgtataatggactattgtgtgctgataaacctatttcagcatactacgcgcecgta
gtatgctgaaataggtgactagaagttcctatactttctagagaataggaacttcataacttcyg
tataatgtatgctatacgaagttatgggttactttaatttggttgctgactaattgagatgcat
gctttgcatacttctgcecctgetggggagectggggactttccacacctggttgetgactaattyg
agatgcatgctttgcatacttctgecctgctggggagecctggggacttteccacaccecctgggteg
acgggactttccggggcggggcacgtggtgcacgggactttccgtgcacgtgcacgggacttte
cgggactttccgggactttcecgtgcaccacgtggggacttteccgtgcacgacattgattattga
ctagttattaatagtaatcaattacggggtcattagttcatagcccatatatggagttccgegt
tacataacttacggtaaatggcccgecctggctgaccgcecccaacgaccececcgeccattgacgtcea
ataatgacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagt
atttacggtaaactgcccacttggcagtacatcaagtgtatcatatgccaagtacgcccccectat
tgacgtcaatgacggtaaatggcccgcecctggcattatgcccagtacatgaccttatgggacttt
cctacttggcagtacatctacgtattagtcatcgctattaccatggtgatgecggttttggcagt
acatcaatgggcgtggatagcggtttgactcacggggatttccaagtctccaccccattgacgt
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caatgggagtttgttttggcaccaaaatcaacgggactttccaaaatgtcgtaacaactccgcec
ccattgacgcaaatgggcggtaggcgtgtacggtgggaggtctatataagcagagctctgectt
ctcceccectectgtgagtttggtaagtcgacgggeccgggcectgggecgggteccgggecgggtegttg
gatccccactacagcccecgatactcaagecttgacgaattcgagtatccaaggtagtggactagtyg
tgacgctgctgacccecctttcttteccttctgecaggttggtgtacagtagecttccaaattgatta
attcgagcgaacgcgtcgccaccatgaactceccttctccacaagegectteggteccagttgectt
ctcceccectgggcectgetcectggtgttgectgetgectteccctgecccagtecttcacactcgaagat
ttcgttggggactggcgacagacagccggctacaacctggaccaagtceccttgaacagggaggtg
tgtccagtttgtttcagaatctcggggtgtcecgtaactccgatccaaaggattgtectgagegyg
tgaaaatgggctgaagatcgacatccatgtcatcatcccgtatgaaggtctgagcggecgaccaa
atgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtga
tcctgcactatggcacactggtaatcgacggggttacgceccgaacatgatcgactatttecggacyg
gccgtatgaaggcatcgceccecgtgttcgacggcaaaaagatcactgtaacagggaccectgtggaac
ggcaacaaaattatcgacgagcgcctgatcaaccccgacggctcecectgetgtteccgagtaacca
tcaacggagtgaccggctggcggctgtgcgaacgcattctggecggctagegectactaacttcag
cctgctgaagcaggctggagacgtggaggagaaccctggacctggaagcggagagggcagagga
agtctgctaacatgcggtgacgtcgaggagaatcctggacctggatccggaatggtgagcaagyg
gcgaggagctgttcaccggggtggtgecccatcecctggtcgagectggacggecgacgtaaacggcecca
caagttcagcgtgtccggcgagggcgagggcgatgceccacctacggcaagctgaccctgaagttce
atctgcaccaccggcaagctgcccecgtgceccecctggceccaccctegtgaccacccectgacctacggeg
tgcagtgcttcagccgctaccceccgaccacatgaagcagcacgacttcttcaagteccgececatgec
cgaaggctacgtccaggagcgcaccatcttcttcaaggacgacggcaactacaagaccecgcecgcec
gaggtgaagttcgagggcgacaccctggtgaaccgcatcgagctgaagggcatcgacttcaagyg
aggacggcaacatcctggggcacaagctggagtacaactacaacagccacaacgtctatatcat
ggccgacaagcagaagaacggcatcaaggtgaacttcaagatcecgceccacaacatcgaggacggce
agcgtgcagctcgeccgaccactaccagcagaacacccecatecggcgacggcecceccgtgetgetge
ccgacaaccactacctgagcacccagtccgcectgagcaaagaccceccaacgagaagcecgcegatca
catggtcctgctggagttcgtgaccgceccgececgggatcactectecggcatggacgagetgtacaag
taaggatcccattctccttgatgtactaatttttctttaaaagtgataataatagctcceccattt
agaatttttaaataacacaacaaatgtaaagtaactaatgtgtcctctggatcatggtaagtaa
tgaataaatttaactccctttaccttctcecectttgectattttttccatgectaggatttatacat
ttttaaaaaactaaatctgctatcaaatgacagctttaaatttactttttaaaatttgttattg
tatatatttatggggtataaagtgatgttatgatatatatatacacaatgtacactgattaaat
caagccaattaacattttatcatctcaaatacttaacattttttgtagtgagaacatttgaaat
ttacttttagcaatttcaaaacatacattattattattaactatagtcaccatgatgtaccata
gatctttaaaaacttattcttcctgecctaactgaaactttgtactctttgactaacatctttte
attcccccacttcccagectcectggtaatcaccattacacactcectgecttectatgagttcaattge
tttagactccacgtaataaatgagatcatgcagcatttggctttctgtgcctggcttatceccttg
cttagcatggtgtcttacaggttcatccatgttgcaacaaataacagaatctcattctttgtta
aggctgaatactattccattgggtatatataccacattttceccttatccattaatccactgatgg
acccttaggttgttgattccatatattggctattgtaaatagtgcagcaatgaacatgagagtyg
caactatctcttcaatgtactgatttcgaatccttecggatctatctcagaagtgagattgcagyg
atcatataattctacttttagtcttttgaggagctccatacagctttccatatggccatactaa
ttacattctcatcaacagtgtacaatggtttccttttctccacatcctcaccaacatttataat
tttttgtctttttgataatagccatctgacaggtgtaaagtgatagctcattgcagttttaatt
tgcattttttgatgattagtaatgttgagaattttttcatatatctcttggccagttgcatgtc
ttctttggaaaaatgtctattcagttcctttgcecccattttttaattgggatttttggtttcttyg
ctattgagttgtttgaattcaatcaacctctggattacaaaatttgtgaaagattgactggtat
tcttaactatgttgctccttttacgctatgtggatacgctgectttaatgectttgtatcatget
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attgcttccegtatggctttcattttctectececttgtataaatecctggttgetgtctetttatyg
aggagttgtggcccecgttgtcaggcaacgtggcecgtggtgtgcactgtgtttgctgacgcaaccce
cactggttggggcattgccaccacctgtcagctcecctttcecgggactttecgetttcececcecteect
attgccacggcggaactcatcgccgcecctgecttgececgetgectggacaggggecteggetgttgyg
gcactgacaattccgtggtgttgtcggggaaatcatcgtecctttecttggectgetegectgtgt
tgccacctggattctgcgecgggacgtcecttctgctacgtececttecggecctcaatccageggac
cttccttcececgeggectgectgecggetcectgeggectecttecgegtettegecttegecctcaga
cgagtcggatctcceccectttgggccgcectcecceccgegetegetttecttgectgtccaatttctattaa
aggttcctttgttceccctaagtccaactactaaactgggggatattatgaagggccttgagecatc
tggattctgcctaataaaaaacatttattttcattgcaagctcgectttcttgetgtecaatttce
tattaaaggttcctttgttccctaagtccaactactaaactgggggatattatgaagggceccttg
agcatctggattctgcctaataaaaaacatttattttcattgcaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaasaasaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
daaaaaaaaaasaaaaaaaaaaaaaaaaaaaaaaaaactcggaaggacatggtgtggaaagtcce
ccaggctccccagcaggcagaagtatgcaaagcatgcatctcaattagtcagcaaccaggtgtyg
gaaagtccccaggctccecccagcaggcagaagtatgcaaagcatgcatctcaattagtcagcaac
caaattaaagtaacccataacttcgtatagcatacattatacgaagttatgaagttcctattcet
ctagaaagtataggaacttctagtcacctatttcagcatactacgcgecgtagtatgctgaaata
ggtttatcagcacacaatagtccattatacgcgecgtataatggcaattgtgtgctgattgggtt
actttaatttggatccgtcgaccgatgcccttgagagecttcaacccagtcagectecttceceggt
gggcgcggggcatgactatcgtcgcecgcacttatgactgtcttcectttatcatgcaactcgtagyg
acaggtgccggcagcgctcttecgecttectegetcactgactecgectgegetecggtegttegget
gcggcgagcggtatcagctcactcaaaggcggtaatacggttatccacagaatcaggggataac
gcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgegttge
tggcgtttttccataggctccgcecccececctgacgagcatcacaaaaatcgacgctcaagtcagag
gtggcgaaacccgacaggactataaagataccaggcgtttcceccectggaagctececectegtgege
tctcecectgttcecgaccecctgecegettaccggatacctgtecegectttcecteeccttegggaagegtgg
cgctttctcatagctcacgctgtaggtatctcagttcggtgtaggtegttecgetceccaagectggg
ctgtgtgcacgaacccceccgttcagecccgaccecgectgegecttatecggtaactategtecttgag
tccaacccggtaagacacgacttatcgccactggcagcageccactggtaacaggattagcagag
cgaggtatgtaggcggtgctacagagttcttgaagtggtggcctaactacggctacactagaag
aacagtatttggtatctgcgctctgctgaagccagttaccttcggaaaaagagttggtagectct
tgatccggcaaacaaaccaccgctggtageggtggtttttttgtttgcaagcagcagattacgce
gcagaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctgacgctcagtggaa
cgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatcctt
ttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagtt
accaatgcttaatcagtgaggcacctatctcagcgatctgtctatttecgttcatccatagttge
ctgactccceccecgtegtgtagataactacgatacgggagggcecttaccatctggececcagtgetgea
atgataccgcgagacccacgctcaccggctceccagatttatcagcaataaaccagccagcecggaa
gggccgagcgcagaagtggtectgcaactttatcecgectceccatccagtctattaattgttgecg
ggaagctagagtaagtagttcgccagttaatagtttgcgcaacgttgttgccattgctacagge
atcgtggtgtcacgctcgtegtttggtatggecttcattcagecteccggttecccaacgatcaagge
gagttacatgatccccecatgttgtgcaaaaaagcggttagcteccecttcecggtectecgategttgt
cagaagtaagttggccgcagtgttatcactcatggttatggcagcactgcataattctcttact
gtcatgccatccgtaagatgecttttctgtgactggtgagtactcaaccaagtcattctgagaat
agtgtatgcggcgaccgagttgctcttgceccecggecgtcaatacgggataataccgecgceccacatag
cagaactttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatctta
ccgctgttgagatccagttcgatgtaacccactcecgtgcacccaactgatcttcagcatectttta
ctttcaccagcgtttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataag
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ggcgacacggaaatgttgaatactcatactcttcctttttcaatattattgaagcatttatcag
ggttattgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttc
cgcgcacatttcceccgaaaagtgeccacctgacgecgecctgtagecggegecattaagegeggecggyg
tgtggtggttacgcgcagcgtgaccgctacacttgeccagegecctagegeeccgetecttteget
ttcttcecttectttcectegecacgttecgecggetttececegtcaagetcectaaatecgggggetec
ctttagggttccgatttagtgctttacggcacctcgaccccaaaaaacttgattagggtgatgg
ttcacgtagtgggccatcgccctgatagacggtttttcgecectttgacgttggagteccacgttce
tttaatagtggactcttgttccaaactggaacaacactcaaccctatctcggtctattcttttg
atttataagggattttgccgatttcggcectattggttaaaaaatgagctgatttaacaaaaatt
taacgcgaattttaacaaaatattaacgcttacaatttgccattcgccattcaggctgegcecaac
tgttgggaagggcgatcggtgcgggcecctcttecgctattacgeccagececcaagctaccatgataag
taagtaatattaaggtacgtggaggttttacttgctttaaaaaacctcccacacctcecccectga
acctgaaacataaaatgaatgcaattgttgttgttaacttgtttattgcagcttataatggtta
caaataaagcaatagcatcacaaatttcacaaataaagcatttttttcactgcattctagttgt
ggtttgtccaaactcatcaatgtatcttatggtactgtaactgagctaacataa

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

cccgggaggtaccgagctcecttacgcecgtgctagaattaaagtaacccaatcagcacacaattgec
attatacgcgcgtataatggactattgtgtgctgataaacctatttcagcatactacgcgcecgta
gtatgctgaaataggtgactagaagttcctatactttctagagaataggaacttcataacttcyg
tataatgtatgctatacgaagttatgggttactttaatttggttgctgactaattgagatgcat
gctttgcatacttctgcecctgetggggagectggggactttccacacctggttgetgactaattyg
agatgcatgctttgcatacttctgecctgctggggagecctggggacttteccacaccecctgggteg
acgcacacgaccacaattccactgaaagcattttaatacggaacttgtcactcccagggagect
ccgctcagceccggcagttggttcatttcaatcecccacgacaacccttcaaagtgcagggcagaca
gcaggtggctctgcccaggcgcctggatcacagcecceccggectgecagecctcacctgggecgegggyg
agaccctgaggacgctcctceccaggcecggcegcectggcecggggcecctgcecggacacggacgggegggetyg
agctcecgggacccctceceoeccgegeccegcaccecgecacececgeacecegcaccecgecaceccggceg
ctcaccecgtceccagececegeegceecgecagececagetgecaacgcagecacecgecgecategeac
ccggceccceccgcegggcegcettececgggacgcaggaggcatcectgecatececggggecgecgetgagteeccge
ccagagccccgceccceccecggctceccaggttcectgegageggecttececgeecgggetgeteccgegggegeg
tcggccatgagcgagttgcececgggcegacgtgecgggegtttectgecgggagcaccecgagectgegge
tccagacggacgcccgcaaggttegcagecgegggaggggaacggagtggecggagaagggegeag
ttgggatgaggggctgaggggagggcaggggagaggagagggcaggggagaggggagaggggag
agcaggagagaggggaaggcaggggagagggcgcggcgggatcaggggaggagagggaagggac
tttccggggcggggcacgtggtgcacgggactttcegtgcacgtgcacgggactttcecgggact
ttccgggactttcececgtgcaccacgtggggactttcecgtgcacgacattgattattgactagtta
ttaatagtaatcaattacggggtcattagttcatagcccatatatggagttccgecgttacataa
cttacggtaaatggcccgcctggectgaccgcceccaacgacccecgceccattgacgtcaataatga
cgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagtatttacg
gtaaactgcccacttggcagtacatcaagtgtatcatatgccaagtacgecccecctattgacgte
aatgacggtaaatggcccgcectggcattatgcecccagtacatgaccttatgggactttcecctactt
ggcagtacatctacgtattagtcatcgctattaccatggtgatgecggttttggcagtacatcaa
tgggcgtggatagcggtttgactcacggggatttccaagtctccaccccattgacgtcaatggg
agtttgttttggcaccaaaatcaacgggactttccaaaatgtcgtaacaactcecgceccccattga
cgcaaatgggcggtaggcgtgtacggtgggaggtctatataagcagagctctgecttctceccectce

ctgtgagtttggtaagtcgacgggccgggectgggecgggteccgggececgggtegttggatceccec
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actacagcccgatactcaagcttgacgaattcgagtatccaaggtagtggactagtgtgacgect
gctgacccctttectttececttectgcaggttggtgtacagtagettccaaattgattaattcgag
cgaacgcgtcgccaccatgaactceccttctceccacaagecgecttecggteccagttgecttecteecctg
ggcctgctcecctggtgttgectgectgecttcececctgecccagtcecttcacactecgaagatttegttyg
gggactggcgacagacagccggctacaacctggaccaagtccttgaacagggaggtgtgtccag
tttgtttcagaatctcggggtgtceccgtaacteccgatccaaaggattgtecctgageggtgaaaat
gggctgaagatcgacatccatgtcatcatccegtatgaaggtctgagecggcgaccaaatgggcece
agatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgeca
ctatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacggeccgtat
gaaggcatcgccgtgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaaca
aaattatcgacgagcgcctgatcaaccccgacggcteccecctgectgtteccgagtaaccatcaacgyg
agtgaccggctggcggctgtgcgaacgcattctggcecggctagegctactaacttcagectgetyg
aagcaggctggagacgtggaggagaaccctggacctggaagcggagagggcagaggaagtctge
taacatgcggtgacgtcgaggagaatcctggacctggatccggaatggtgagcaagggcgagga
gctgttcaccggggtggtgcccatcecctggtcgagectggacggcgacgtaaacggccacaagtte
agcgtgtccggcgagggcgagggcgatgceccacctacggcaagctgaccctgaagttcatectgea
ccaccggcaagctgcccecgtgceccecctggeccaccecctegtgaccaccctgacctacggegtgcagtyg
cttcagccgctaccceccgaccacatgaagcagcacgacttecttcaagteccgecatgececcgaaggce
tacgtccaggagcgcaccatcttcecttcaaggacgacggcaactacaagacccecgecgcecgaggtga
agttcgagggcgacaccctggtgaaccgcatcgagctgaagggcatcgacttcaaggaggacgyg
caacatcctggggcacaagctggagtacaactacaacagccacaacgtctatatcatggccgac
aagcagaagaacggcatcaaggtgaacttcaagatccgccacaacatcgaggacggcagecgtge
agctcgccgaccactaccagcagaacacccceccatecggcgacggcecceccecgtgectgetgeccgacaa
ccactacctgagcacccagtccgecctgagcaaagaccccaacgagaagcgegatcacatggtce
ctgctggagttcgtgaccgccgceccecgggatcactcteggcatggacgagctgtacaagtaaggat
cccattctcecttgatgtactaatttttctttaaaagtgataataatagctcccatttagaattt
ttaaataacacaacaaatgtaaagtaactaatgtgtcctctggatcatggtaagtaatgaataa
atttaactccctttaccttctceccecctttgctattttttccatgectaggatttatacatttttaaa
aaactaaatctgctatcaaatgacagctttaaatttactttttaaaatttgttattgtatatat
ttatggggtataaagtgatgttatgatatatatatacacaatgtacactgattaaatcaagcca
attaacattttatcatctcaaatacttaacattttttgtagtgagaacatttgaaatttacttt
tagcaatttcaaaacatacattattattattaactatagtcaccatgatgtaccatagatcttt
aaaaacttattcttcctgcctaactgaaactttgtactctttgactaacatcttttcattceccce
cacttcccagcctcectggtaatcaccattacacactcectgecttectatgagttcaattgetttagac
tccacgtaataaatgagatcatgcagcatttggctttctgtgecctggettatcecttgettagea
tggtgtcttacaggttcatccatgttgcaacaaataacagaatctcattctttgttaaggctga
atactattccattgggtatatataccacattttccttatccattaatccactgatggaccctta
ggttgttgattccatatattggctattgtaaatagtgcagcaatgaacatgagagtgcaactat
ctcttcaatgtactgatttcgaatccttcggatctatctcagaagtgagattgcaggatcatat
aattctacttttagtcttttgaggagctccatacagctttccatatggccatactaattacatt
ctcatcaacagtgtacaatggtttccttttctccacatcctcaccaacatttataattttttgt
ctttttgataatagccatctgacaggtgtaaagtgatagctcattgcagttttaatttgcattt
tttgatgattagtaatgttgagaattttttcatatatctcttggccagttgcatgtcttctttg
gaaaaatgtctattcagttcctttgcccattttttaattgggatttttggtttcttgctattga
gttgtttgaattcaatcaacctctggattacaaaatttgtgaaagattgactggtattcttaac
tatgttgctccttttacgctatgtggatacgctgctttaatgecctttgtatcatgctattgett
ccegtatggcectttcattttctecteccttgtataaatecctggttgectgtectectttatgaggagtt
gtggcccgttgtcaggcaacgtggcgtggtgtgcactgtgtttgectgacgcaacccecccactggt
tggggcattgccaccacctgtcagctceccttteccgggactttegecttteccececctecctattgeca
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cggcggaactcatcgccgcectgecttgeccecgetgetggacaggggeteggectgttgggcactga
caattccgtggtgttgtcggggaaatcatcecgtectttcecttggcectgectecgectgtgttgecacce
tggattctgcgcgggacgtceccttectgctacgtcececcttecggecectcaatceccageggaccttectt
ccecgceggcectgetgcecggcectcectgeggectettcecgegtettegecttegecctcagacgagtecg
gatctccctttgggeccgectecececgegetegetttecttgetgteccaatttectattaaaggttce
tttgttccctaagtccaactactaaactgggggatattatgaagggccttgagcatctggattc
tgcctaataaaaaacatttattttcattgcaagctecgctttcecttgetgtccaatttctattaaa
ggttcctttgttccctaagtccaactactaaactgggggatattatgaagggceccttgagcatct
ggattctgcctaataaaaaacatttattttcattgcaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaasaasaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
daaaaaaaaaaaaaaaaaaaaaaaaaaaaactcggaaggacatggtgtggaaagtccccaggcet
ccccagcaggcagaagtatgcaaagcatgcatctcaattagtcagcaaccaggtgtggaaagtc
cccaggctceccccagcaggcagaagtatgcaaagcatgcatctcaattagtcagcaaccaaatta
aagtaacccataacttcgtatagcatacattatacgaagttatgaagttcctattctctagaaa
gtataggaacttctagtcacctatttcagcatactacgcgcgtagtatgctgaaataggtttat
cagcacacaatagtccattatacgcgcgtataatggcaattgtgtgctgattgggttactttaa
tttggatccecgtcgaccgatgcceccttgagageccttcaacccagtcageteccttecggtgggegeg
gggcatgactatcgtcgccgecacttatgactgtcttetttatcatgcaactcecgtaggacaggtyg
ccggcagcgctcecttcececgettectegetcactgactegectgegetecggtegttecggectgeggega
gcggtatcagctcactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaa
agaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcegttgetggegtt
tttccataggctcecgceccceccecctgacgagcatcacaaaaatcgacgectcaagtcagaggtggcecga
aacccgacaggactataaagataccaggcgtttcceccecctggaagcteccectecgtgegetectectyg
ttccgaccectgecgecttaccggatacctgtecegectttcectececttecgggaagegtggegetttce
tcatagctcacgctgtaggtatctcagttcggtgtaggtcgttcgectccaagetgggetgtgtyg
cacgaacccccecegttcagcecceccgaccgcectgegecttateccggtaactatecgtecttgagtceccaacc
cggtaagacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggta
tgtaggcggtgctacagagttcttgaagtggtggcctaactacggctacactagaagaacagta
tttggtatctgcgctctgctgaagccagttaccttecggaaaaagagttggtagectcttgatecg
gcaaacaaaccaccgctggtagecggtggtttttttgtttgcaagcagcagattacgcgcagaaa
adaaaggatctcaagaagatcctttgatcttttctacggggtctgacgctcagtggaacgaaaac
tcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaatt
aaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatyg
cttaatcagtgaggcacctatctcagcgatctgtctatttcgttcatccatagttgectgactce
ccegtegtgtagataactacgatacgggagggcttaccatctggeccccagtgectgcaatgatac
cgcgagacccacgctcaccggctceccagatttatcagcaataaaccageccagecggaagggcecga
gcgcagaagtggtcctgcaactttatccgectceccateccagtectattaattgttgeccgggaaget
agagtaagtagttcgccagttaatagtttgcgcaacgttgttgccattgctacaggcategtgyg
tgtcacgctcgtcecgtttggtatggcttcattcagcteccggttcecccaacgatcaaggecgagttac
atgatccccecatgttgtgcaaaaaagcggttagctecttecggtectecgatecgttgtcagaagt
aagttggccgcagtgttatcactcatggttatggcagcactgcataattctcttactgtcatge
catccgtaagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtat
gcggcgaccgagttgctcecttgceccggegtcaatacgggataataccgegecacatagcagaact
ttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgetgt
tgagatccagttcgatgtaacccactcgtgcacccaactgatcttcagcatcttttactttcac
cagcgtttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgaca
cggaaatgttgaatactcatactcttcctttttcaatattattgaagcatttatcagggttatt
gtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgcgcac
atttccccgaaaagtgccacctgacgcegcecctgtageggcecgcattaagegeggegggtgtggtyg
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gttacgcgcagcgtgaccgctacacttgccagecgceccecctagegececcecgectecectttegetttecttee
cttcctttectcecgeccacgttegecggetttcececececgtcaagetcectaaatcgggggectecectttagyg
gttccgatttagtgctttacggcacctcgaccccaaaaaacttgattagggtgatggttcacgt
agtgggccatcgccctgatagacggtttttcgecctttgacgttggagtccacgttctttaata
gtggactcttgttccaaactggaacaacactcaaccctatctcggtctattcttttgatttata
agggattttgccgatttcggcctattggttaaaaaatgagctgatttaacaaaaatttaacgecg
aattttaacaaaatattaacgcttacaatttgccattcgccattcaggctgecgcaactgttggyg
aagggcgatcggtgcgggcectcecttegectattacgccagecccaagctaccatgataagtaagtaa
tattaaggtacgtggaggttttacttgctttaaaaaacctcccacacctcceccectgaacctgaa
acataaaatgaatgcaattgttgttgttaacttgtttattgcagcttataatggttacaaataa
agcaatagcatcacaaatttcacaaataaagcatttttttcactgcattctagttgtggtttgt
ccaaactcatcaatgtatcttatggtactgtaactgagctaacataa

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

taaagtaacccaatcagcacacaattgccattatacgcgcgtataatggactattgtgtgctgat
aaacctatttcagcatactacgcgcgtagtatgctgaaataggtgactagaagttcctatacttt
ctagagaataggaacttcataacttcgtataatgtatgctatacgaagttatgggttactttaat
ttggttgctgactaattgagatgcatgctttgcatacttctgecctgectggggagecctggggactt
tccacacctggttgctgactaattgagatgcatgctttgcatacttctgecctgectggggagectyg
gggactttccacacc

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

cccgggaggtaccgagctcecttacgecgtgctagectgggtecgacattgattattgactagttatta
atagtaatcaattacggggtcattagttcatagcccatatatggagttccgecgttacataactta
cggtaaatggcccgcecctggctgaccgcecccaacgacccececcgeccattgacgtcaataatgacgtat
gttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagtatttacggtaaac
tgcccacttggcagtacatcaagtgtatcatatgccaagtacgcccecceccectattgacgtcaatgacyg
gtaaatggcccgcecctggcattatgcecccagtacatgaccttatgggactttectacttggecagtac
atctacgtattagtcatcgctattaccatggtcgaggtgagccccacgttctgecttcactcectecece
catctccccecceccectecccacccecccaattttgtatttatttattttttaattattttgtgcagega
£9g9999¢cg9g999999999gggcgcgcgccaggcgggygcgggygcggggcgaggggcggggcggyage
gaggcggaaaggtgcggcggcagccaatcagagcggcegegceteccgaaagtttecttttatggega
ggcggcggcggcggcecggcecctataaaaagcgaagcecgcegeggcgggcecgggagtecgetgegttgect
tcgccececgtgeccegetecgegecgectegegecgeccgecceccecggctcectgactgaccecgegttact
cccacaggtgagcgggcgggacggcceccttcectectececgggetgtaattagecgettggtttaatgac
ggctcgtttcecttttectgtggectgcgtgaaagecttaaagggecteccgggagggecctttgtgeggyg
ggggagcggctcggggggtgcgtgegtgtgtgtgtgegtggggagecgecgegtgeggetceccgege
tgcccggcecggcectgtgagegectgcecgggcecgeggegeggggcetttgtgegetececgecagtgtgegegag
gggagcgcggccgggggcggtgcceccgeggtgeggggggggctgcgaggggaacaaaggetgegt
gcggggtgtgtgcgtgggggggtgagcagggggtgtgggcgecggecggtcecgggctgtaaccececece
ctgcacccceccectecceccgagttgctgagcacggceccggettecgggtgeggggeteccgtacggggeg
tggcgcggggcetcecgecgtgecgggeggggggtggcggcaggtgggggtgccgggeggggeggyage
cgcctcgggccggggagggcetcgggggaggggcgcggcggecceccggagegecggeggcetgtcega
ggcgcggcgagccgcagccattgecttttatggtaatcgtgcgagagggecgcagggacttecettt
gtcccaaatctgtgcggagccgaaatctgggaggcgecgecgcaccceccecctectagegggegegggyg
cgaagcggtgcggcgccggcaggaaggaaatgggcecggggagggceccttegtgegtcgecgegecgce
cgtcccececttcetecctetecagectecggggetgteccgeggggggacggectgecttecgggggggacyg
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gggcagggcggggttcecggcecttctggcecgtgtgaccggeggctctagagectectgectaaccatgtte
atgccttcttctttttcecctacagctecctgggcaacgtgectggttattgtgectgtectcatecatttt
ggcaaagaattgattaattcgagcgaacgcgtcgccaccatgaactceccttcectccacaagegectt
cggtccagttgeccttctecectgggecctgetecctggtgttgectgetgecttecectgecccagtet
tcacactcgaagatttcgttggggactggcgacagacagccggctacaacctggaccaagtectt
gaacagggaggtgtgtccagtttgtttcagaatctcggggtgtcegtaactccgatccaaaggat
tgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatceccegtatgaaggtcectga
gcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcac
tttaaggtgatcctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgacta
tttcggacggccgtatgaaggcatcgceccgtgttcgacggcaaaaagatcactgtaacagggaccce
tgtggaacggcaacaaaattatcgacgagcgcctgatcaaccccgacggctcecectgetgttecga
gtaaccatcaacggagtgaccggctggcggctgtgcgaacgcattctggcggctagegectactaa
cttcagcctgctgaagcaggctggagacgtggaggagaaccctggacctggaagcggagagggca
gaggaagtctgctaacatgcggtgacgtcgaggagaatcctggacctggatccggaatggtgage
aagggcgaggagctgttcaccggggtggtgcccatcecctggtcgagctggacggcgacgtaaacgyg
ccacaagttcagcgtgtccggcgagggcgagggcgatgeccacctacggcaagectgaccctgaagt
tcatctgcaccaccggcaagctgeccegtgecctggeccaccctecgtgaccacecctgacctacgge
gtgcagtgcttcagccgctacceccecgaccacatgaagcagcacgacttcttcaagtcececgecatgee
cgaaggctacgtccaggagcgcaccatcttcttcaaggacgacggcaactacaagaccecgcgecg
aggtgaagttcgagggcgacaccctggtgaaccgcatcgagctgaagggcatcgacttcaaggag
gacggcaacatcctggggcacaagctggagtacaactacaacagccacaacgtctatatcatgge
cgacaagcagaagaacggcatcaaggtgaacttcaagatccgccacaacatcgaggacggcagcg
tgcagctcgccgaccactaccagcagaacacccecccatcggecgacggecceccecgtgetgetgeccgac
aaccactacctgagcacccagtccgccecctgagcaaagaccceccaacgagaagcegcegatcacatggt
cctgctggagttcecgtgaccgceccgecgggatcactctecggecatggacgagctgtacaagtaagegg
ccgcactcecctcaggtgcaggctgectatcagaaggtggtggectggtgtggeccaatgececectggetce
acaaataccactgagatctttttccctcectgccaaaaattatggggacatcatgaagccecttgag
catctgacttctggctaataaaggaaatttattttcattgcaatagtgtgttggaattttttgtyg
tctctcactcggaaggacattggatccgtcgaccgatgeccttgagagecttcaacccagtecage
tcectteecggtgggecgecggggcatgactatecgtecgececgecacttatgactgtettectttatcatgea
actcgtaggacaggtgccggcagcgctcecttecgecttecctecgectcactgactcegectgegeteggtce
gttcggctgcecggcgageggtatcagcectcactcaaaggcecggtaatacggttatccacagaatcagyg
ggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggcecyg
cgttgctggcecgtttttccataggctceccgeccecectgacgagcatcacaaaaatcgacgctcaagt
cagaggtggcgaaacccgacaggactataaagataccaggcgtttceccecctggaagectcecectegt
gcgctcectcecctgttceccgaccecctgecgettaccggatacctgtecgectttecteecttecgggaageyg
tggcgctttctcatagctcacgctgtaggtatctcagttecggtgtaggtcgttecgectceccaagetyg
ggctgtgtgcacgaacccccececgttcagececcgaccgctgegecttateccggtaactatecgtettga
gtccaacccggtaagacacgacttatcgccactggcagcageccactggtaacaggattagcagag
cgaggtatgtaggcggtgctacagagttcttgaagtggtggcctaactacggctacactagaaga
acagtatttggtatctgcgctctgctgaagccagttaccttcggaaaaagagttggtagectcttyg
atccggcaaacaaaccaccgctggtageggtggtttttttgtttgcaagcagcagattacgecgeca
gaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctgacgctcagtggaacgaa
aactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaa
ttaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaat
gcttaatcagtgaggcacctatctcagcgatctgtctatttcecgttcateccatagttgectgacte
ccegtegtgtagataactacgatacgggagggcttaccatctggecccagtgetgcaatgatacce
gcgagacccacgctcaccggcectccagatttatcagcaataaaccagccageccggaagggecgage
gcagaagtggtcctgcaactttatccgcecctccatccagtctattaattgttgeccgggaagectaga
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gtaagtagttcgccagttaatagtttgcgcaacgttgttgccattgctacaggcatcgtggtgte
acgctcgtcgtttggtatggcttcattcagecteccggttcecccaacgatcaaggcgagttacatgat
ccecceccatgttgtgcaaaaaagcggttagectcececttecggtectecgategttgtcagaagtaagttg
gccgcagtgttatcactcatggttatggcagcactgcataattctcecttactgtcatgceccatececgt
aagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgac
cgagttgctcttgcccggecgtcaatacgggataataccgecgecacatagcagaactttaaaagtyg
ctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgectgttgagatccag
ttcgatgtaacccactcgtgcacccaactgatcttcagcatcttttactttcaccagegtttcectg
ggtgagcaaaaacaggaadggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttga
atactcatactcttcctttttcaatattattgaagcatttatcagggttattgtctcatgagcgyg
atacatatttgaatgtatttagaaaaataaacaaataggggttccgcgcacatttccccgaaaag
tgccacctgacgcgceccecctgtagcggegcattaagecgecggegggtgtggtggttacgegecagegtyg
accgctacacttgccagcgccctagecgcecceccgcectectttegetttcecttececttectttetegecac
gttcgccggetttcececcecgtcaagcectctaaatcgggggecteccectttagggtteccgatttagtgett
tacggcacctcgaccccaaaaaacttgattagggtgatggttcacgtagtgggccatcgceccctga
tagacggtttttcgccecctttgacgttggagtccacgttctttaatagtggactcttgttccaaac
tggaacaacactcaaccctatctecggtctattcttttgatttataagggattttgeccgatttegg
cctattggttaaaaaatgagctgatttaacaaaaatttaacgcgaattttaacaaaatattaacg
cttacaatttgccattcgccattcaggctgecgcaactgttgggaagggcgatecggtgegggectce
ttcgctattacgccagcccaagctaccatgataagtaagtaatattaaggtacgtggaggtttta
cttgctttaaaaaacctcccacacctcecceccecctgaacctgaaacataaaatgaatgcaattgttgt
tgttaacttgtttattgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaa
ataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatcttatggt
actgtaactgagctaacataa

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

gggactttccggggcggggcacgtggtgcacgggactttceccgtgcacgtgcacgggactttceccecgyg
gactttccgggactttcecgtgcaccacgtggggacttteccgtgcacgggactttcecggggegggyg

cacgtggtgcacgggactttccgtgcacgtgcacgggactttccgggactttcecgggactttecg
tgcaccacgtggggactttccgtgcacgggactttccggggecggggcacgtggtgcacgggactt
tcecgtgcacgtgcacgggactttceccgggactttcecgggactttcecegtgcaccacgtggggacttt
ccgtgcacgtcgaggtgagceccccacgttcectgecttcactcteccccatectecceccecececctececccaccee
ccaattttgtatttatttattttttaattattttgtgcagcgatgggggcggggggggggggggce
gcgcgcecaggceggggcggggcggggegaggggeggggcggggegaggcggaaaggtgecggeggcea
gccaatcagagcggcgcecgctceccgaaagtttecttttatggcgaggecggeggecggeggceggeccta
taaaaagcgaagcgcgcggcgggcegggagtecgetgegttgeecttegeecececgtgececegeteecgeg
ccgcctecgegecgeccgecceccggcectectgactgaccecgegttactcecceccacaggtgagecgggecgggac
ggcccttctectcecgggectgtaattagegettggtttaatgacggctegtttecttttectgtgget

gcgtgaaagccttaaagggctccgggagggcecctttgtgegggggggageggctcggggggtgceg
tgcgtgtgtgtgtgcgtggggagcgeccgegtgcggectcecgegcetgececggeggectgtgagegetyg
cgggcgcggcgcggggctttgtgecgetccgcagtgtgegcgaggggagegeggecgggggeggtyg
cccecgeggtgeggggggggcectgcgaggggaacaaaggctgegtgeggggtgtgtgegtggggggyg
tgagcagggggtgtgggcgcggcggtcgggctgtaacccceccecctgcaccececctecececgagttg
ctgagcacggcccggcecttecgggtgcecggggeteccgtacggggegtggegeggggectecgeegtgecg
ggcggggggtggcggcaggtgggggtgccgggcggggcggggecgectegggeccggggagggcetce
gggggaggggcgcggcggcccccggagegecggeggcetgtcgaggcecgeggcegagecgcagecatt
gcecttttatggtaatcgtgcgagagggcecgcagggacttectttgtecccaaatctgtgecggagecyg
aaatctgggaggcgccgccgcaccceccectcectagegggecgecggggecgaageggtgeggegecggecag
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gaaggaaatgggcggggagggccttcgtgecgtecgecgegecgecgtecececcttcecteecctecteccage

ctcggggctgtccgecggggggacggctgecttcgggggggacggggcagggcggggtteggette
tggcgtgtgaccggcggctctagagectctgctaaccatgttcatgecttecttectttttectaca

g

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

tgggactttccactagacatgacacagcaatctgatatgcttgcgtgagaagaggattcatatcce
tgggactttccacagattttaccggaagttgttagatgcttgecgtgagaagatctaacatgacac
agcaatccttagtgggactttccaagtatgtggggcggggagtatacatgacacagcaattgatc
attaccggaagtttataggtgggactttccagacctatgcttgecgtgagaagaaaggtctgggac
tttccagtcgaggtgagccceccacgttctgecttcactctecccatectecceccececcectecccaccccece
aattttgtatttatttattttttaattattttgtgcagcgatgggggcggggggggggggggcgc
gcgccaggcggggcggggeggggegaggggeggggeggggegaggcggaaaggtgeggeggecage
caatcagagcggcgcgctcecgaaagtttecttttatggcgaggcggeggcggeggceggecctata
adaaagcgaagcgcgcggcgggcgggagtcegetgegttgecttegecececgtgeccegetecegegec
gcctcecgcecgecgeccgcececccecggctcectgactgaccgegttacteccacaggtgagecgggcgggacgyg
ccettectectecgggetgtaattagegecttggtttaatgacggectegtttecttttetgtggetge

gtgaaagccttaaagggctccgggagggecctttgtgecgggggggageggctcggggggtgegtyg
cgtgtgtgtgtgcgtggggagcgeccgcecgtgecggcecteccgegectgeccecggeggetgtgagegetgeg
ggcgcggcgeggggcetttgtgegetecgcagtgtgecgecgaggggagegeggecgggggeggtgeco
ccgecggtgcggggggggcectgcgaggggaacaaaggctgegtgeggggtgtgtgegtgggggggtyg
agcagggggtgtgggcgcggcggtcgggctgtaaccccecceccecctgcacceccecctececccgagttget
gagcacggcccggcttegggtgecggggctceccgtacggggegtggegeggggetegeegtgecggg
€ggggggtggcggcaggtgggggtgccgggcggggcggggccgectcgggecggggagggetcgyg
gggaggggcgcggcggceccccggagegecggeggetgtegaggegeggcegagecgcagccattge
cttttatggtaatcgtgcgagagggcgcagggacttcectttgtcccaaatctgtgecggagecgaa
atctgggaggcgccgceccgcaccceccecctectagegggecgeggggcgaageggtgecggegecggecagga
aggaaatgggcggggagggccttcgtgecgtecgecgegecgecgtcececttctecctecteccagect

cggggctgtccgcggggggacggctgecttcgggggggacggggcagggcggggtteggettetyg
gcgtgtgaccggcggctctagagcectectgctaaccatgttcatgecttecttectttttcectacag

SEQ ID NO:37 CAG [E1X3+CBA promoter+tUTR1]

gggactttccggggcggggcacgtggtgcacgggactttceccgtgcacgtgcacgggactttceccecgyg
gactttccgggactttcecgtgcaccacgtggggacttteccgtgcacgggactttcecggggegggyg

cacgtggtgcacgggactttccgtgcacgtgcacgggactttccgggactttcecgggactttecg
tgcaccacgtggggactttccgtgcacgggactttccggggecggggcacgtggtgcacgggactt
tcecgtgcacgtgcacgggactttceccgggactttcecgggactttcecegtgcaccacgtggggacttt
ccgtgcacgtcgaggtgagceccccacgttcectgecttcactcteccccatectecceccecececctececccaccee
ccaattttgtatttatttattttttaattattttgtgcagcgatgggggcggggggggggggggce
gcgcgcecaggceggggcggggcggggegaggggeggggcggggegaggcggaaaggtgecggeggcea
gccaatcagagcggcgcecgctceccgaaagtttecttttatggcgaggecggeggecggeggceggeccta
taaaaagcgaagcgcgcggcgggcgcetgecttcecteectectgtgagtttggtaagtcgacgggec
gggcctgggccgggtcececgggecgggtegttggatceccecccactacageccgatactcaagettgacyg
aattcgagtatccaaggtagtggactagtgtgacgctgctgacccecctttectttcecttetgcagyg
ttggtgtacagtagcttccaaattgattaattcgagcgaacgcecgtc



- 128 -

SEQ ID NO:38 CAG [E2 (U100)+CBA promoter+UTR1]

Tgggactttccactagacatgacacagcaatctgatatgcttgcgtgagaagaggattcatatce
tgggactttccacagattttaccggaagttgttagatgcttgecgtgagaagatctaacatgacac
agcaatccttagtgggactttccaagtatgtggggcggggagtatacatgacacagcaattgatc
attaccggaagtttataggtgggactttccagacctatgcttgecgtgagaagaaaggtctgggac
tttccagtcgaggtgagccceccacgttctgecttcactctecccatectecceccececcectecccaccccece
aattttgtatttatttattttttaattattttgtgcagcgatgggggcggggggggggggggcgc
gcgccaggcggggcggggeggggegaggggeggggeggggegaggcggaaaggtgeggeggecage
caatcagagcggcgcgctcecgaaagtttecttttatggcgaggcggeggcggeggceggecctata
adaaagcgaagcgcgcggcgggcegctgcececttcectecectecectgtgagtttggtaagtcgacgggeccgyg
gcctgggceccgggtcecgggcecgggtcegttggatcecccactacagececcgatactcaagettgacgaa
ttcgagtatccaaggtagtggactagtgtgacgctgctgacccecctttcectttcecttectgcaggtt
ggtgtacagtagcttccaaattgattaattcgagcgaacgcgtc

SEQ ID NO:39 CMYV enhancer-EF1-UTR 1

Gacattgattattgactagttattaatagtaatcaattacggggtcattagttcatagcccatat
atggagttccgcgttacataacttacggtaaatggccecgectggctgaccgecccaacgaceccccyg
cccattgacgtcaataatgacgtatgttcccatagtaacgccaatagggactttccattgacgtce
aatgggtggagtatttacggtaaactgcccacttggcagtacatcaagtgtatcatatgccaagt
acgccccctattgacgtcaatgacggtaaatggcccecgectggecattatgecccagtacatgacctt
atgggactttcctacttggcagtacatctacgtattagtcatcgctattaccatggggcagageyg
cacatcgcccacagtccceccgagaagttggggggaggggtcecggcaattgaaccggtgectagagaa
ggtggcgcggggtaaactgggaaagtgatgtcecgtgtactggecteccecgectttttecccgagggtggyg
ggagaaccgtatataagtgcagtagtcgccgtgaacgttctttttcgcaacgggtttgecgecag
aacacagctgccttctccecctecectgtgagtttggtaagtcgacgggceccgggcectgggecgggtecyg
ggccgggtcecgttggatccecccactacagcceccgatactcaagcecttgacgaattcgagtatccaaggt
agtggactagtgtgacgctgctgacccctttctttceccttectgcaggttggtgtacagtagettce
caaattgattaattcgagcgaacgcgtc

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*

cccgggaggtaccgagctcecttacgcecgtgctagaattaaagtaacccaatcagcacacaattgceca
ttatacgcgcgtataatggactattgtgtgctgataaacctatttcagcatactacgecgegtagt
atgctgaaataggtgactagaagttcctatactttctagagaataggaacttcataacttcgtat
aatgtatgctatacgaagttatgggttactttaatttggttgctgactaattgagatgcatgctt
tgcatacttctgcctgctggggagcectggggactttceccacacctggttgectgactaattgagatyg
catgctttgcatacttctgcctgcectggggagecctggggactttccacaccectgggtcgacgaca
ttgattattgactagttattaatagtaatcaattacggggtcattagttcatagcccatatatgg
agttccgecgttacataacttacggtaaatggccecgectggetgaccgcccaacgaccocccgecca
ttgacgtcaataatgacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatg
ggtggagtatttacggtaaactgcccacttggcagtacatcaagtgtatcatatgccaagtacge
ccectattgacgtcaatgacggtaaatggceccecgectggcattatgeccagtacatgaccttatgg
gactttcctacttggcagtacatctacgtattagtcatcgctattaccatggtcgaggtgageccce
cacgttctgcttcactctcecccatctceccecccecectecccacccecccaattttgtatttatttattt

tttaattattttgtgcagcgatgggggcggygggyggggaggggcgcgcgecaggceggggcegggycy
gggcgaggggcggggcggggcgaggcggaaaggtgcggecggcagecaatcagagcggegegetec
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gaaagtttccttttatggcgaggcggcggcggcggceggcecctataaaaagcgaagecgcgeggegyg
gcgggagtcgcectgegttgecttcecgeccegtgecececgetecgegecgectecgegecgeccgecccyg
gctctgactgaccgecgttactcecccacaggtgagcgggcegggacggceccttetectecegggetgta
attagcgcttggtttaatgacggctcecgtttecttttctgtggctgecgtgaaagecttaaagggctce
cgggagggccctttgtgcgggggggagcggctcecggggggtgcecgtgegtgtgtgtgtgegtgggga
gcgceccgcecgtgceggcectececgegetgececcggeggectgtgagegetgecgggegeggegeggggetttgt
gcgctccgecagtgtgcgcgaggggagegeggccgggggcggtgeccecgeggtgeggggggggcetyg
cgaggggaacaaaggctgcgtgcggggtgtgtgcgtgggggggtgagcagggggtgtgggcgegyg
cggtcgggctgtaaccceccceccecctgcacccececccectececcgagttgectgagcacggececcggettecggg
tgcggggctccgtacggggcegtggecgeggggetegecgtgecgggeggggggtggeggcaggtgyg
gggtgccgggcggggcggggccgectcgggecggggagggetcgggggaggggcgecggeggecce
cggagcgccggcecggctgtcgaggcecgeggcgagcecgecagecattgecttttatggtaategtgega
gagggcgcagggacttcctttgtcccaaatctgtgecggageccgaaatctgggaggecgeccgecgca
cccecetcetagegggcgcggggcgaageggtgeggegecggcaggaaggaaatgggeggggagygge
cttcgtgcgtcgeccgegecgecgtcecececcttcectececctetecagecteggggetgteccgegggggga
cggctgceccttcgggggggacggggcagggceggggttcecggettcectggegtgtgaccggeggetceta
gagcctctgctaaccatgttcatgcecttecttcectttttcecctacagectecctgggcaacgtgetggtt
attgtgctgtctcatcattttggcaaagaattgattaattcgagcgaacgcgtcgccaccatgaa
ctccttecteccacaagcecgecttcecggteccagttgecttectecectgggectgectectggtgttgectyg
ctgccttccectgceccecccagtcettcacactcgaagatttecgttggggactggcgacagacagccecggce
tacaacctggaccaagtccttgaacagggaggtgtgtccagtttgtttcagaatctecggggtgtce
cgtaactccgatccaaaggattgtcctgagecggtgaaaatgggctgaagatcgacatccatgtca
tcatccecgtatgaaggtctgagcggecgaccaaatgggccagatcgaaaaaatttttaaggtggtyg
taccctgtggatgatcatcactttaaggtgatcctgcactatggcacactggtaatcgacggggt
tacgccgaacatgatcgactatttcggacggeccgtatgaaggcatcgeccgtgttcgacggcaaaa
agatcactgtaacagggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaacccecc
gacggctccctgctgtteccgagtaaccatcaacggagtgaccggectggeggcectgtgecgaacgecat
tctggcggctagcecgctactaacttcagecctgectgaagcaggectggagacgtggaggagaaccctg
gacctggaagcggagagggcagaggaagtctgctaacatgcggtgacgtcgaggagaatcctgga
cctggatccecggaatggtgagcaagggcgaggagctgttcaccggggtggtgcececcatectggtega
gctggacggcgacgtaaacggccacaagttcagecgtgteccggecgagggcecgagggcegatgecacct
acggcaagctgaccctgaagttcatctgcaccaccggcaagctgceccecgtgececctggeccaccecte
gtgaccaccctgacctacggcecgtgcagtgcttcagececgectacccecgaccacatgaagcagcacga
cttcttcaagtccgceccatgececcgaaggctacgtccaggagecgcaccatcecttcttcaaggacgacyg
gcaactacaagacccgcgccgaggtgaagttcgagggecgacacecctggtgaaccgcatcgagetyg
aagggcatcgacttcaaggaggacggcaacatcctggggcacaagctggagtacaactacaacag
ccacaacgtctatatcatggccgacaagcagaagaacggcatcaaggtgaacttcaagatccgece
acaacatcgaggacggcagcgtgcagctcgecgaccactaccagcagaacaccceccatecggecgac
ggcccegtgetgcectgeccgacaaccactacctgagcacccagtcecgecctgagcaaagaccccaa
cgagaagcgcgatcacatggtcctgectggagttcgtgaccgecgecgggatcactctecggecatgg
acgagctgtacaagtaaaatcaacctctggattacaaaatttgtgaaagattgactggtattctt
aactatgttgctccttttacgctatgtggatacgctgctttaatgecctttgtatcatgectattgce
ttccecgtatggetttcattttctectecttgtataaatecctggttgetgtctectttatgaggagt
tgtggcccecgttgtcaggcaacgtggegtggtgtgcactgtgtttgctgacgcaacccccactggt
tggggcattgccaccacctgtcagctceccttteccgggactttecgetttcecceccececteecctattgecac
ggcggaactcatcgccgectgecttgececgetgectggacaggggetecggectgttgggcactgaca
attccgtggtgttgtcggggaaatcatcgtcectttecttggetgectegectgtgttgeccacctgg
attctgcgcgggacgtceccttctgctacgtcecttecggecctcaatccageggaccttecttecececyg
cggcctgctgceccggctctgeggectettecgegtettecgecttecgeecctcagacgagteggatet
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ccectttgggceccgectcecceccgegetegetttecttgetgteccaatttctattaaaggttecectttgtt
ccctaagtccaactactaaactgggggatattatgaagggccttgagcatctggattctgectaa
taaaaaacatttattttcattgcaagctcgctttcttgectgtccaatttctattaaaggttectt
tgttccctaagtccaactactaaactgggggatattatgaagggecttgagcatctggattetge
ctaataaaaaacatttattttcattgcaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaasaaaaaaaaaaaaaaaaaaaaaasaasaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaactcggaaggacatggtgtggaaagtccccaggctccecccagcaggcagaagtatgcaaagce
atgcatctcaattagtcagcaaccaggtgtggaaagtccccaggctcecceccagcaggcagaagtat
gcaaagcatgcatctcaattagtcagcaaccaaattaaagtaacccataacttcgtatagcatac
attatacgaagttatgaagttcctattctctagaaagtataggaacttctagtcacctatttcag
catactacgcgcgtagtatgctgaaataggtttatcagcacacaatagtccattatacgcgegta
taatggcaattgtgtgctgattgggttactttaatttggatccgtcgaccgatgceccttgagagce
cttcaacccagtcagcteccttceccggtgggcegeggggcatgactatecgtecgecgecacttatgactyg
tcttctttatcatgcaactecgtaggacaggtgccggcagegetcttececgettectegectcactga
ctcgctgcecgcectecggtcegtteggectgeggecgageggtatcagectcactcaaaggcggtaatacggt
tatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccagyg
aaccgtaaaaaggccgcgttgectggegtttttceccataggctcececgececcectgacgagcatcacaa
aaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggcecgtttcccecce
ctggaagctccctegtgegetcectectgttececgaccectgecgettaceggatacctgtecegecttt
ctcceccecttecgggaagecgtggegetttcectcatagetcacgetgtaggtatctcagttecggtgtaggt
cgttcgcectceccaagcectgggctgtgtgcacgaaccceccececgttcagecccgaccgetgegecttatecg
gtaactatcgtcttgagtccaacccggtaagacacgacttatcgeccactggcagcagceccactggt
aacaggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagtggtggcctaacta
cggctacactagaagaacagtatttggtatctgcgctctgctgaagccagttaccttcggaaaaa
gagttggtagctcttgatccggcaaacaaaccaccgctggtageggtggtttttttgtttgcaag
cagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctga
cgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttca
cctagatccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttgg
tctgacagttaccaatgcttaatcagtgaggcacctatctcagcgatctgtctatttecgttecatce
catagttgcctgactcceccgtcecgtgtagataactacgatacgggagggcttaccatcectggecccca
gtgctgcaatgataccgcgagacccacgctcaccggctceccagatttatcagcaataaaccagceca
gccggaagggccgagcgcagaagtggtcecctgecaactttatcegectceccatceccagtectattaattyg
ttgccgggaagctagagtaagtagttcgceccagttaatagtttgecgcaacgttgttgecattgeta
caggcatcgtggtgtcacgctcgtcgtttggtatggcttcattcagectccggttcecccaacgatca
aggcgagttacatgatcccccatgttgtgcaaaaaagcggttagctecttecggtectecgategt
tgtcagaagtaagttggccgcagtgttatcactcatggttatggcagcactgcataattctctta
ctgtcatgccatccgtaagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaa
tagtgtatgcggcgaccgagttgctcecttgeccecggecgtcaatacgggataataccgecgccacatag
cagaactttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttac
cgctgttgagatccagttcgatgtaacccactcgtgcacccaactgatcttcagcatcttttact
ttcaccagcgtttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggce
gacacggaaatgttgaatactcatactcttcctttttcaatattattgaagcatttatcagggtt
attgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgecgce
acatttcccecgaaaagtgccacctgacgcecgecctgtagecggegecattaagecgeggegggtgtggt
ggttacgcgcagcgtgaccgctacacttgccagcgeccecctagegececgectecectttegetttcecttee
cttcecctttcectcecgecacgttecgecggetttceccecgtcaagetectaaatecgggggectecectttaggg
ttccgatttagtgctttacggcacctcgacceccaaaaaacttgattagggtgatggttcacgtag
tgggccatcgcecctgatagacggtttttcgecectttgacgttggagteccacgttcectttaatagtyg
gactcttgttccaaactggaacaacactcaaccctatctecggtectattcttttgatttataaggyg
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attttgccgatttcggcctattggttaaaaaatgagctgatttaacaaaaatttaacgcgaattt
taacaaaatattaacgcttacaatttgccattcgccattcaggctgegcaactgttgggaagggce
gatcggtgcgggcecctcecttcecgectattacgeccagecccaagctaccatgataagtaagtaatattaag
gtacgtggaggttttacttgctttaaaaaacctcccacaccteccececctgaacctgaaacataaaa
tgaatgcaattgttgttgttaacttgtttattgcagcttataatggttacaaataaagcaatagc
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*

cccgggaggtaccgagctcecttacgcecgtgctagaattaaagtaacccaatcagcacacaattgceca
ttatacgcgcgtataatggactattgtgtgctgataaacctatttcagcatactacgecgegtagt
atgctgaaataggtgactagaagttcctatactttctagagaataggaacttcataacttcgtat
aatgtatgctatacgaagttatgggttactttaatttggttgctgactaattgagatgcatgctt
tgcatacttctgcctgctggggagcectggggactttceccacacctggttgectgactaattgagatyg
catgctttgcatacttctgcctgcectggggagecctggggactttccacaccectgggtcgacggga
ctttccecggggcggggcacgtggtgcacgggacttteccgtgcacgtgcacgggactttcececgggact
ttccgggactttcececgtgecaccacgtggggactttcegtgcacgggacttteccggggeggggcacyg
tggtgcacgggactttccecgtgcacgtgcacgggactttccgggacttteccgggacttteccgtgea
ccacgtggggactttccgtgcacgggactttceccggggecggggcacgtggtgcacgggactttecg
tgcacgtgcacgggactttccgggactttcecgggactttcegtgcaccacgtggggactttecgt
gcacgtcgaggtgagccccacgttctgcecttcactctceccccatectecccececectececccacccccaa
ttttgtatttatttattttttaattattttgtgcagcgatgggggcggggggggggggggcgcgce
gccaggcggggeggggeggggcgaggggceggggcggggcgaggcggaaaggtgecggeggcagceca
atcagagcggcgcgctccgaaagttteccttttatggcgaggecggecggecggecggecggecctataaa
aagcgaagcgcgcggcegggcecgggagtecgetgegttgecttegececegtgecececgeteecgegecgce
ctcgcgceccecgceccgecceccggcetcectgactgacecgegttactecccacaggtgagecgggegggacggcec
cttctectecgggectgtaattagegettggtttaatgacggcectecgtttecttttectgtggetgegt

gaaagccttaaagggctccgggagggccctttgtgegggggggageggcteggggggtgegtgeg
tgtgtgtgtgcgtggggagcgccgcecgtgcecggcetceccgegetgeccggeggcectgtgagegetgeggg
cgcggcgceggggetttgtgegetceccgecagtgtgecgegaggggagegeggccgggggcggtgeecc
gcggtgcggggggggctgcgaggggaacaaaggctgcecgtgeggggtgtgtgegtgggggggtgag
cagggggtgtgggcgcggcggtcgggctgtaacccecceccecectgcacceccecectececcgagttgetga
gcacggcccggettcegggtgcggggectecgtacggggegtggegeggggetegeecgtgeecgggeg
gggggtggcggcaggtgggggtgccgggcggggcggggccgectecgggecggggagggetcggygg
gaggggcgcggcggceccccggagcegcecggceggetgtecgaggecgeggecgagecgecagecattgect
tttatggtaatcgtgcgagagggcgcagggacttecctttgtecccaaatctgtgecggagecgaaat
ctgggaggcgccgccgcaccecectcectagecgggegeggggcegaageggtgeggegecggecaggaag
gaaatgggcggggagggccttcgtgcecgtecgecgegecgecgtecececttcecteectectecagecteg
gggctgtccgcggggggacggctgecttcgggggggacggggcagggeggggtteggettetgge
gtgtgaccggcggctctagagcctctgctaaccatgttcatgecttcttectttttecctacagete
ctgggcaacgtgctggttattgtgctgtctcatcattttggcaaagaattgattaattcgagcga
acgcgtcgccaccatgaactccttcectceccacaagcecgecttcecggteccagttgecttecteectgggec
tgctcctggtgttgcectgctgecttceccecctgeccecccagtcttcacactecgaagatttegttggggac
tggcgacagacagccggctacaacctggaccaagteccttgaacagggaggtgtgtceccagtttgtt
tcagaatctcggggtgtceccgtaactceccgatccaaaggattgtecctgagecggtgaaaatgggetga
agatcgacatccatgtcatcatcccecgtatgaaggtctgagecggecgaccaaatgggccagatcgaa
aaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgcactatggcac
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actggtaatcgacggggttacgccgaacatgatcgactatttcggacggeccgtatgaaggcatcyg
ccgtgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatcgac
gagcgcctgatcaaccceccgacggctceccecctgectgtteccgagtaaccatcaacggagtgaccggetyg
gcggctgtgcgaacgcattctggcggctagegctactaacttcagecctgetgaagcaggectggag
acgtggaggagaaccctggacctggaagcggagagggcagaggaagtctgctaacatgecggtgac
gtcgaggagaatcctggacctggatccggaatggtgagcaagggcgaggagctgttcaccggggt
ggtgcccatcctggtcgagctggacggcgacgtaaacggccacaagttcagegtgteccggegagyg
gcgagggcgatgccacctacggcaagctgaccctgaagttcatctgcaccaccggcaagetgece
gtgcccectggeccaccctegtgaccaccecctgacctacggegtgcagtgecttcagecgetacccececga
ccacatgaagcagcacgacttcttcaagtccgceccatgecccgaaggctacgtccaggagecgcecacca
tcttcttcaaggacgacggcaactacaagacccgcgeccgaggtgaagttcgagggcgacaccctg
gtgaaccgcatcgagctgaagggcatcgacttcaaggaggacggcaacatcctggggcacaagct
ggagtacaactacaacagccacaacgtctatatcatggccgacaagcagaagaacggcatcaagyg
tgaacttcaagatccgccacaacatcgaggacggcagcgtgcagectecgecgaccactaccagecag
aacacccccatcggcgacggceccecceccecgtgcetgetgeccgacaaccactacctgagcacccagtcecgce
cctgagcaaagaccccaacgagaagcgcgatcacatggtectgctggagttecgtgaccgeccgecg
ggatcactctcggcatggacgagctgtacaagtaaaatcaacctctggattacaaaatttgtgaa
agattgactggtattcttaactatgttgctceccttttacgctatgtggatacgectgctttaatgec
tttgtatcatgctattgcttccececgtatggectttcattttctectecttgtataaatcctggttge
tgtctctttatgaggagttgtggccegttgtcaggcaacgtggecgtggtgtgecactgtgtttget
gacgcaacccccactggttggggcattgceccaccacctgtcagetectttcecgggactttegettt
cceccectececctattgeccacggcggaactcatecgecgectgecttgecegetgectggacaggggcetce
ggctgttgggcactgacaattcecgtggtgttgtcggggaaatcatcgtectttecttggetgete
gcctgtgttgccacctggattctgecgegggacgtecttectgectacgteeccttecggeecctecaatcee
agcggaccttceccttceccgeggectgectgecggetcectgeggectecttecgegtettegecttegec
ctcagacgagtcggatctcecctttgggcecgecctcecceccgegetegetttecttgetgteccaatttet
attaaaggttcctttgttccctaagtccaactactaaactgggggatattatgaagggecttgag
catctggattctgcctaataaaaaacatttattttcattgcaagctecgectttecttgectgtccaat
ttctattaaaggttcctttgttccecctaagtccaactactaaactgggggatattatgaagggecct
tgagcatctggattctgcctaataaaaaacatttattttcattgcaaaaaaaaaaaaaaaaaaaa
aaaaaaasaaaaaaaaaaaaaaaaaaaaaasaasaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
daaaaaaaaaaaaaaaaaaaaaactcggaaggacatggtgtggaaagtccccaggctceccccecagea
ggcagaagtatgcaaagcatgcatctcaattagtcagcaaccaggtgtggaaagtccccaggcectce
cccagcaggcagaagtatgcaaagcatgcatctcaattagtcagcaaccaaattaaagtaaccca
taacttcgtatagcatacattatacgaagttatgaagttcctattctctagaaagtataggaact
tctagtcacctatttcagcatactacgcgecgtagtatgctgaaataggtttatcagcacacaata
gtccattatacgcgcecgtataatggcaattgtgtgctgattgggttactttaatttggatcegtecg
accgatgcccecttgagagcecttcaacccagtcagectecttececggtgggegeggggecatgactateg
tcgccgecacttatgactgtcecttctttatcatgcaactcgtaggacaggtgeccggcagegetette
cgcttcecctegcectcecactgactcecgectgegecteggtecgttecggetgecggegageggtatcagetecact
caaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaa
ggccagcaaaaggccaggaaccgtaaaaaggccecgegttgetggegttttteccataggectecgece
ccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaa
gataccaggcgtttcccectggaagctcecectegtgegetcectectgtteccgaccecectgecgettace
ggatacctgtccgcecctttcteccttcgggaagegtggegetttctcatagetcacgetgtaggta
tctcagttcggtgtaggtcgttcgctccaagectgggctgtgtgcacgaacccecececgttcageeccyg
accgctgecgceccttatccggtaactatcecgtcttgagtccaaccecggtaagacacgacttatcecgeca
ctggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgectacagagttctt
gaagtggtggcctaactacggctacactagaagaacagtatttggtatctgcgectctgctgaage
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cagttaccttcggaaaaagagttggtagctcttgatccggcaaacaaaccaccgctggtageggt
ggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgat
cttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagat
tatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaatctaaagt
atatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagcgat
ctgtctatttcgttcatccatagttgecctgactccececgtegtgtagataactacgatacgggagyg
gcttaccatctggccccagtgectgcaatgataccgecgagacccacgctcaccggetceccagattta
tcagcaataaaccagccagccggaagggceccgagcgcagaagtggtecectgcaactttatececgecte
catccagtctattaattgttgccgggaagctagagtaagtagttcgeccagttaatagtttgegea
acgttgttgccattgctacaggcatcgtggtgtcacgctcgtegtttggtatggecttcattcage
tccggttcceccaacgatcaaggcgagttacatgatceccceccatgttgtgcaaaaaagecggttagetce
cttcggtcctceccgatcecgttgtcagaagtaagttggeccgcagtgttatcactcatggttatggecag
cactgcataattctcttactgtcatgccatcecgtaagatgecttttctgtgactggtgagtactca
accaagtcattctgagaatagtgtatgcggcgaccgagttgctcttgececcggegtcaatacggga
taataccgcgccacatagcagaactttaaaagtgctcatcattggaaaacgttcttcggggecgaa
aactctcaaggatcttaccgctgttgagatccagttcgatgtaacccactcgtgecacccaactga
tcttcagcatcttttactttcaccagcgtttctgggtgagcaaaaacaggaaggcaaaatgeccgce
adaaaaagggaataagggcgacacggaaatgttgaatactcatactcttcectttttcaatattatt
gaagcatttatcagggttattgtctcatgagcggatacatatttgaatgtatttagaaaaataaa
caaataggggttccgcgcacatttcecccgaaaagtgccacctgacgegecctgtageggegeatt
aagcgcggcgggtgtggtggttacgcecgcagcegtgaccgctacacttgeccagecgececctagegeccyg
ctcctttegetttecttcececttectttcectegeccacgttecgecggectttececcegtcaagetctaaat
cgggggctccctttagggttccgatttagtgectttacggcacctcgaccccaaaaaacttgatta
gggtgatggttcacgtagtgggccatcgccctgatagacggtttttcgecctttgacgttggagt
ccacgttctttaatagtggactcttgttccaaactggaacaacactcaaccctatctecggtetat
tcttttgatttataagggattttgccgatttcggecctattggttaaaaaatgagctgatttaaca
aaaatttaacgcgaattttaacaaaatattaacgcttacaatttgccattcgeccattcaggcectygce
gcaactgttgggaagggcgatcggtgcgggcecctcttegectattacgccageccaagectaccatga
taagtaagtaatattaaggtacgtggaggttttacttgctttaaaaaacctcccacacctcecccece
tgaacctgaaacataaaatgaatgcaattgttgttgttaacttgtttattgcagcttataatggt
tacaaataaagcaatagcatcacaaatttcacaaataaagcatttttttcactgcattctagttg
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*

cccgggaggtaccgagctcecttacgcecgtgctagaattaaagtaacccaatcagcacacaattgceca
ttatacgcgcgtataatggactattgtgtgctgataaacctatttcagcatactacgecgegtagt
atgctgaaataggtgactagaagttcctatactttctagagaataggaacttcataacttcgtat
aatgtatgctatacgaagttatgggttactttaatttggttgctgactaattgagatgcatgctt
tgcatacttctgcctgctggggagcectggggactttceccacacctggttgectgactaattgagatyg
catgctttgcatacttctgcctgectggggagectggggactttccacaccectgggtecgactggg
actttccactagacatgacacagcaatctgatatgcttgcgtgagaagaggattcatatcectggyg
actttccacagattttaccggaagttgttagatgcttgecgtgagaagatctaacatgacacagca
atccttagtgggactttccaagtatgtggggcggggagtatacatgacacagcaattgatcatta
ccggaagtttataggtgggactttccagacctatgcttgecgtgagaagaaaggtctgggactttce
cagtcgaggtgagccccacgttctgcecttcactctececccatcteccecceccecectececcaccecccaatt
ttgtatttatttattttttaattattttgtgcagcgatgggggcggggggggggggggcgcgcgce

caggcggggcggggcggggcgaggggcggggcggggcgaggcggaaaggtgeggeggcagecaat
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cagagcggcgcgctceccgaaagtttcececttttatggcgaggecggcggeggecggecggecctataaaaa
gcgaagcgcgcggcgggcegggagtcegetgegttgecttegecececgtgeccegeteecgegecgect
cgcgccgcecceccgecccecggcetcectgactgaccecgegttactcecceccacaggtgagecgggcecgggacggecct
tctcecctecgggetgtaattagecgettggtttaatgacggetegtttettttectgtggectgegtga

aagccttaaagggctccgggagggecctttgtgecgggggggageggctcggggggtgegtgegtyg
tgtgtgtgcgtggggagcgccgecgtgcecggectcecgecgcetgececggeggetgtgagegetgegggeg
cggcgcggggcetttgtgcgectceccgecagtgtgecgecgaggggagegeggecgggggcggtgeccege
ggtgcggggggggctgcgaggggaacaaaggctgcgtgeggggtgtgtgecgtgggggggtgagcea
gggggtgtgggcgcggcggtcecgggctgtaaccceccceccecectgcecaccececcecctececccgagttgetgage
acggcccggcttcegggtgcggggctceccgtacggggegtggegeggggetegecgtgecgggeggy
gggtggcggcaggtgggggtgccgggcggggcggggccgectcgggecggggagggetcecggggga
ggggcgcggcggcccccggagcecgcecggcecggcetgtecgaggecgecggegagecgcecagecattgeettt
tatggtaatcgtgcgagagggcgcagggacttcectttgtcccaaatctgtgcggageccgaaatet
gggaggcgccgccgcacccecectcectagecgggegeggggcegaageggtgeggegecggcaggaagga
aatgggcggggagggccttcecgtgcgtcecgeccgegecgecegteccecttetececteteccagecteggyg
gctgtccgcecggggggacggcetgecttcgggggggacggggcagggeggggttcecggettetggegt
gtgaccggcggctctagagcctctgctaaccatgttcatgecttettectttttectacagectect
gggcaacgtgctggttattgtgctgtctcatcattttggcaaagaattgattaattcgagcgaac
gcgtcgccaccatgaactceccttcectceccacaagegectteggtecagttgecttecteecctgggectyg
ctcctggtgttgectgectgecttecectgeccecagtecttcacactcgaagatttegttggggactyg
gcgacagacagccggctacaacctggaccaagtccttgaacagggaggtgtgteccagtttgttte
agaatctcggggtgtccgtaactccgatccaaaggattgtcecctgagecggtgaaaatgggctgaag
atcgacatccatgtcatcatceccgtatgaaggtctgagecggcecgaccaaatgggccagatcgaaaa
aatttttaaggtggtgtaccctgtggatgatcatcactttaaggtgatcctgcactatggcacac
tggtaatcgacggggttacgccgaacatgatcgactatttcggacggccgtatgaaggcatcecgec
gtgttcgacggcaaaaagatcactgtaacagggaccctgtggaacggcaacaaaattatcgacga
gcgcectgatcaaccceccgacggctceccectgetgttcecgagtaaccatcaacggagtgaccggectgge
ggctgtgcgaacgcattctggcggctagecgctactaacttcagecectgectgaagcaggctggagac
gtggaggagaaccctggacctggaagcggagagggcagaggaagtctgctaacatgecggtgacgt
cgaggagaatcctggacctggatccggaatggtgagcaagggcgaggagctgttcaccggggtgg
tgcccatccectggtcecgagectggacggcgacgtaaacggccacaagttcagecgtgtccggegagggce
gagggcgatgccacctacggcaagctgaccctgaagttcatctgecaccaccggcaagcectgeceecgt
gccectggceccaccctegtgaccaccectgacctacggegtgcagtgcecttcagecgetaccecgace
acatgaagcagcacgacttcttcaagtccgeccatgceccecgaaggctacgtceccaggagecgcaccatce
ttcttcaaggacgacggcaactacaagacccgcgeccgaggtgaagttcgagggcgacaccctggt
gaaccgcatcgagctgaagggcatcgacttcaaggaggacggcaacatcctggggcacaagctgg
agtacaactacaacagccacaacgtctatatcatggccgacaagcagaagaacggcatcaaggtyg
aacttcaagatccgccacaacatcgaggacggcagcgtgcagctcgecgaccactaccagcagaa
cacccccatcggcecgacggccecccecgtgetgetgeccgacaaccactacctgagcacccagtecgececce
tgagcaaagaccccaacgagaagcgcgatcacatggtcecctgetggagttcgtgaccgececgecggg
atcactctcggcatggacgagctgtacaagtaaaatcaacctctggattacaaaatttgtgaaag
attgactggtattcttaactatgttgctccttttacgctatgtggatacgctgectttaatgectt
tgtatcatgctattgcttccecgtatggctttcattttctecctecttgtataaatecctggttgetyg
tctctttatgaggagttgtggccegttgtcaggcaacgtggegtggtgtgcactgtgtttgetga
cgcaacccccactggttggggcattgccaccacctgtcagectecttteccgggactttegetttece
ccectcecectattgeccacggecggaactcecatcgececgectgecttgececgectgectggacaggggectegyg
ctgttgggcactgacaattccgtggtgttgtcggggaaatcatcgtectttcecttggectgectege
ctgtgttgccacctggattctgcgcgggacgtcecttcectgectacgteccecttecggecctcaatceccag
cggaccttceccttcecececgeggectgetgecggectcectgeggectecttecgegtettegecttegeccect



-135-

cagacgagtcggatctcecctttgggccgectcecceccececgegetegetttettgetgtceccaatttetat
taaaggttcctttgttccctaagtccaactactaaactgggggatattatgaagggeccttgagceca
tctggattctgcctaataaaaaacatttattttcattgcaagctegetttcttgectgtceccaattt
ctattaaaggttcctttgttccctaagtccaactactaaactgggggatattatgaagggceccttg
agcatctggattctgcctaataaaaaacatttattttcattgcaaaaaaaaaaaaaaaaaaaaaa
aaaaaaasaaaaaaaaaaaaaaaaaaaaaasaasaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
daaaaaaaaaaaaaaaaaaaactcggaaggacatggtgtggaaagtccccaggctceccecccagcagyg
cagaagtatgcaaagcatgcatctcaattagtcagcaaccaggtgtggaaagtccccaggctcece
cagcaggcagaagtatgcaaagcatgcatctcaattagtcagcaaccaaattaaagtaacccata
acttcgtatagcatacattatacgaagttatgaagttcctattctctagaaagtataggaacttc
tagtcacctatttcagcatactacgcgcgtagtatgctgaaataggtttatcagcacacaatagt
ccattatacgcgcgtataatggcaattgtgtgctgattgggttactttaatttggatcecgtecgac
cgatgcccttgagagcecttcaacccagtcagcectecttececggtgggecgeggggecatgactategte
gccgcacttatgactgtcttectttatcatgcaactcecgtaggacaggtgcecggcagegetecttecg
cttcctecgectcactgactcecgcectgegetecggtegtteggectgeggegageggtatcagectcecactcea
aaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaagg
ccagcaaaaggccaggaaccgtaaaaaggccgcegttgctggegtttttceccataggectcececgeecccee
ctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaaga
taccaggcgtttccceccecctggaagectceccecctegtgegetctectgtteccgacecctgecgettacegyg
atacctgtccgcctttctececcttcecgggaagegtggegetttctcatagetcacgetgtaggtatce
tcagttcggtgtaggtcgttcgctccaagectgggectgtgtgcacgaacccceccegttcageccgac
cgctgcgceccttatcecggtaactatcecgtcttgagtccaaccecggtaagacacgacttatcecgecact
ggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgectacagagttcttga
agtggtggcctaactacggctacactagaagaacagtatttggtatctgcgctctgctgaagcca
gttaccttcggaaaaagagttggtagctcttgatccggcaaacaaaccaccgctggtageggtgyg
tttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgatcet
tttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagatta
tcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaatctaaagtat
atatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagcgatct
gtctatttcgttcatccatagttgcecctgactceccegtecgtgtagataactacgatacgggagggce
ttaccatctggccccagtgectgcaatgataccgcgagacccacgctcaccggectceccagatttate
agcaataaaccagccagccggaagggccgagcgcagaagtggtecctgcaactttatcecgecteca
tccagtctattaattgttgccgggaagctagagtaagtagttcgeccagttaatagtttgcecgecaac
gttgttgccattgctacaggcatcgtggtgtcacgctcgtecgtttggtatggcttcattcagete
cggttcccaacgatcaaggcgagttacatgatcccceccatgttgtgcaaaaaagecggttagectecect
tcggtcctecgatecgttgtcagaagtaagttggccgcagtgttatcactcatggttatggcagea
ctgcataattctcttactgtcatgccatccgtaagatgecttttctgtgactggtgagtactcaac
caagtcattctgagaatagtgtatgcggcgaccgagttgctcecttgeccecggegtcaatacgggata
ataccgcgccacatagcagaactttaaaagtgctcatcattggaaaacgttcttecggggcgaaaa
ctctcaaggatcttaccgctgttgagatccagttcgatgtaacccactcgtgecacccaactgatce
ttcagcatcttttactttcaccagcgtttctgggtgagcaaaaacaggaaggcaaaatgccgcaa
adaaagggaataagggcgacacggaaatgttgaatactcatactcttectttttcaatattattga
agcatttatcagggttattgtctcatgagcggatacatatttgaatgtatttagaaaaataaaca
aataggggttccgcgcacatttccceccgaaaagtgceccacctgacgcegecctgtageggegcattaa
gcgcggcgggtgtggtggttacgcgcagegtgaccgectacacttgceccagecgecctagegeceget
cctttegectttecttececcttectttcectegecacgttegecggettteccececgtcaagectctaaateg
ggggctccctttagggttccgatttagtgctttacggcacctcgaccccaaaaaacttgattagyg
gtgatggttcacgtagtgggccatcgceccectgatagacggtttttegeecctttgacgttggagtce
acgttctttaatagtggactcttgttccaaactggaacaacactcaaccctatctcecggtcectattce
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ttttgatttataagggattttgccgatttcggcectattggttaaaaaatgagectgatttaacaaa
aatttaacgcgaattttaacaaaatattaacgcttacaatttgccattcgccattcaggctgecgce
aactgttgggaagggcgatcggtgcgggcectcecttegectattacgeccageccaagectaccatgata
agtaagtaatattaaggtacgtggaggttttacttgctttaaaaaacctcccacaccteccecectyg
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*

cccgggaggtaccgagctcecttacgcecgtgctagaattaaagtaacccaatcagcacacaattgceca
ttatacgcgcgtataatggactattgtgtgctgataaacctatttcagcatactacgecgegtagt
atgctgaaataggtgactagaagttcctatactttctagagaataggaacttcataacttcgtat
aatgtatgctatacgaagttatgggttactttaatttggttgctgactaattgagatgcatgctt
tgcatacttctgcctgctggggagcectggggactttceccacacctggttgectgactaattgagatyg
catgctttgcatacttctgcctgcectggggagecctggggactttccacaccectgggtcgacggga
ctttccecggggcggggcacgtggtgcacgggacttteccgtgcacgtgcacgggactttcececgggact
ttccgggactttcececgtgecaccacgtggggactttcegtgcacgggacttteccggggeggggcacyg
tggtgcacgggactttccecgtgcacgtgcacgggactttccgggacttteccgggacttteccgtgea
ccacgtggggactttccgtgcacgggactttceccggggecggggcacgtggtgcacgggactttecg
tgcacgtgcacgggactttccgggactttcecgggactttcegtgcaccacgtggggactttecgt
gcacgtcgaggtgagccccacgttctgcecttcactctceccccatectecccececectececccacccccaa
ttttgtatttatttattttttaattattttgtgcagcgatgggggcggggggggggggggcgcgce
gccaggcggggeggggeggggcgaggggceggggcggggcgaggcggaaaggtgecggeggcagceca
atcagagcggcgcgctccgaaagttteccttttatggcgaggecggecggecggecggecggecctataaa
aagcgaagcgcgcggcecgggcegcectgecttcectecctectgtgagtttggtaagtcgacgggecgggce
ctgggccgggtceccgggceccecgggtecgttggatcecccactacagecccgatactcaagcecttgacgaatt
cgagtatccaaggtagtggactagtgtgacgctgctgacccectttectttcececttcectgcaggttgg
tgtacagtagcttccaaattgattaattcgagcgaacgcgtcgeccaccatgaactecttcectecac
aagcgccttcecggtceccagttgeccecttctecectgggectgetectggtgttgectgetgectteectyg
ccccagtcecttcacactcgaagatttegttggggactggcgacagacagceccggctacaacctggac
caagtccttgaacagggaggtgtgtccagtttgtttcagaatctecggggtgtccgtaactcececgat
ccaaaggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatcececgtatg
aaggtctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggat
gatcatcactttaaggtgatcctgcactatggcacactggtaatcgacggggttacgccgaacat
gatcgactatttcggacggccgtatgaaggcatcgececgtgttcgacggcaaaaagatcactgtaa
cagggaccctgtggaacggcaacaaaattatcgacgagcgcctgatcaacccecgacggectcececctg
ctgttccgagtaaccatcaacggagtgaccggctggcggetgtgcgaacgecattcectggeggectag
cgctactaacttcagcctgctgaagcaggctggagacgtggaggagaaccctggacctggaagcg
gagagggcagaggaagtctgctaacatgcggtgacgtcgaggagaatcctggacctggatccgga
atggtgagcaagggcgaggagctgttcaccggggtggtgcccatcecctggtcgagetggacggcecga
cgtaaacggccacaadgttcagcgtgtccggcgagggcgagggcgatgceccacctacggcaagectga
ccctgaagttcatctgcaccaccggcaagctgcecceccgtgeecctggeccaccctegtgaccacecectg
acctacggcgtgcagtgcttcagccecgctacccegaccacatgaagcagcacgacttcttcaagtce
cgccatgcccgaaggctacgtccaggagcecgcaccatcttecttcaaggacgacggcaactacaaga
ccecgcecgcecgaggtgaagttcecgagggcecgacaccctggtgaaccgcatecgagectgaagggcatcecgac
ttcaaggaggacggcaacatcctggggcacaagctggagtacaactacaacagccacaacgtcta
tatcatggccgacaagcagaagaacggcatcaaggtgaacttcaagatccgccacaacatcgagg
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acggcagcgtgcagctcgccgaccactaccagcagaacacccccecatcggecgacggceccegtgetyg
ctgcccgacaaccactacctgagcacccagtceccgecectgagcaaagaccccaacgagaagcgega
tcacatggtcctgctggagttcgtgaccgeccgecgggatcactctecggcatggacgagetgtaca
agtaaaatcaacctctggattacaaaatttgtgaaagattgactggtattcttaactatgttgct
ccttttacgctatgtggatacgctgcectttaatgecctttgtatcatgectattgetteccegtatgge
tttcattttctectecttgtataaatcctggttgectgtctectttatgaggagttgtggececgttyg
tcaggcaacgtggcgtggtgtgcactgtgtttgctgacgcaacccecccactggttggggcattgec
accacctgtcagctccectttcececgggactttcecgectttcececectecectattgeccacggecggaactecat
cgccgcectgcecttgeccgectgectggacaggggceteggectgttgggcactgacaattecegtggtgt
tgtcggggaaatcatcgtcctttecttggetgectcecgectgtgttgecacctggattectgegeggyg
acgtccttctgctacgtcceccttcecggeccecctcaatceccageggaccttecttecececgeggectgetgec
ggctctgcggcctcttceccecgegtecttegecttegecctcagacgagtcggatctecectttgggecyg
cctceccecececgegcetegetttecttgetgtceccaatttctattaaaggttectttgttececctaagtcecaa
ctactaaactgggggatattatgaagggccttgagcatctggattctgcctaataaaaaacattt
attttcattgcaagctcgctttcttgectgtccaatttctattaaaggttecctttgtteccctaagt
ccaactactaaactgggggatattatgaagggccttgagcatctggattctgectaataaaaaac
atttattttcattgcaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaasaaaaaaaaaaaaaaaaaaaaaaaaasaaaaaaaaaaaaaaaaaaaaaaaactcggaa
ggacatggtgtggaaagtccccaggctceccagcaggcagaagtatgcaaagcatgcatctcaat
tagtcagcaaccaggtgtggaaagtccccaggctcecccagcaggcagaagtatgcaaagcatgcea
tctcaattagtcagcaaccaaattaaagtaacccataacttcgtatagcatacattatacgaagt
tatgaagttcctattctctagaaagtataggaacttctagtcacctatttcagcatactacgecgce
gtagtatgctgaaataggtttatcagcacacaatagtccattatacgcgecgtataatggcaattyg
tgtgctgattgggttactttaatttggatccgtcgaccgatgcecccttgagagecttcaacccagt
cagctccttccecggtgggcegeggggcatgactatcgtecgecgecacttatgactgtecttectttatcea
tgcaactcgtaggacaggtgccggcagcgctcecttecegecttecctecgectcactgactegectgegetce
ggtcgttcggctgcggcgageggtatcagcectcactcaaaggcggtaatacggttatccacagaat
caggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaag
gccgcegttgetggegtttttecataggctceccgecceccecectgacgagcatcacaaaaatcgacgete
aagtcagaggtggcgaaacccgacaggactataaagataccaggcgtttccecceccecctggaagcecteccece
tcgtgcgcectcectectgttecgacccectgecgettaccggatacctgtececgectttecteecttecggga
agcgtggcgctttcectcatagctcacgctgtaggtatctcagttecggtgtaggtcecgttcecgectceccaa
gctgggctgtgtgcacgaaccccecceccegttcagececcgaccgcetgegecttateccggtaactategte
ttgagtccaacccggtaagacacgacttatcgccactggcagcagccactggtaacaggattage
agagcgaggtatgtaggcggtgctacagagttcttgaagtggtggcctaactacggctacactag
aagaacagtatttggtatctgcgctctgctgaagccagttaccttcggaaaaagagttggtaget
cttgatccggcaaacaaaccaccgctggtageggtggtttttttgtttgcaagcagcagattacg
cgcagaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctgacgctcagtggaa
cgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatccttt
taaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttac
caatgcttaatcagtgaggcacctatctcagcgatctgtctatttecgttcatccatagttgectyg
actccccgtegtgtagataactacgatacgggagggcttaccatctggeccccagtgcectgcaatga
taccgcgagacccacgctcaccggctceccagatttatcagcaataaaccagccagccggaagggcec
gagcgcagaagtggtcctgcaactttatccgectceccateccagtctattaattgttgeccgggaage
tagagtaagtagttcgccagttaatagtttgcgcaacgttgttgccattgctacaggcatcgtgg
tgtcacgctcgtecgtttggtatggcttcattcagctcececggttecccaacgatcaaggecgagttaca
tgatccccecatgttgtgcaaaaaagecggttagcectcececttecggtectececgategttgtcagaagtaa
gttggccgcagtgttatcactcatggttatggcagcactgcataattctcttactgtcatgeccat
ccgtaagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgegg
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cgaccgagttgctcttgceccecggecgtcaatacgggataataccgcgccacatagcagaactttaaa
agtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgctgttgagat
ccagttcgatgtaacccactcgtgcacccaactgatcttcagcatcttttactttcaccagegtt
tctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatyg
ttgaatactcatactcttcctttttcaatattattgaagcatttatcagggttattgtctcatga
gcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgegcacatttcecccecga
aaagtgccacctgacgcgccctgtagecggcecgecattaagecgeggegggtgtggtggttacgegecag
cgtgaccgctacacttgccagcgecctagegeccgetectttegetttettececttectttecteg
ccacgttcgccggcectttecceccgtcaagctctaaatcgggggcectcecectttagggtteccgatttagt
gctttacggcacctcgaccccaaaaaacttgattagggtgatggttcacgtagtgggccatecgecce
ctgatagacggtttttcgcecctttgacgttggagtccacgttctttaatagtggactcttgttcece
aaactggaacaacactcaaccctatctcecggtctattcttttgatttataagggattttgecgatt
tcggcctattggttaaaaaatgagctgatttaacaaaaatttaacgcgaattttaacaaaatatt
aacgcttacaatttgccattcgccattcaggctgcgcaactgttgggaagggcgatcggtgeggyg
cctcecttecgectattacgccagceccaagctaccatgataagtaagtaatattaaggtacgtggaggt
tttacttgctttaaaaaacctcccacacctceccececctgaacctgaaacataaaatgaatgcaattg
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*

cccgggaggtaccgagctcecttacgcecgtgctagaattaaagtaacccaatcagcacacaattgceca
ttatacgcgcgtataatggactattgtgtgctgataaacctatttcagcatactacgecgegtagt
atgctgaaataggtgactagaagttcctatactttctagagaataggaacttcataacttcgtat
aatgtatgctatacgaagttatgggttactttaatttggttgctgactaattgagatgcatgctt
tgcatacttctgcctgctggggagcectggggactttceccacacctggttgectgactaattgagatyg
catgctttgcatacttctgcctgectggggagectggggactttccacaccectgggtecgactggg
actttccactagacatgacacagcaatctgatatgcttgcgtgagaagaggattcatatcectggyg
actttccacagattttaccggaagttgttagatgcttgecgtgagaagatctaacatgacacagca
atccttagtgggactttccaagtatgtggggcggggagtatacatgacacagcaattgatcatta
ccggaagtttataggtgggactttccagacctatgcttgecgtgagaagaaaggtctgggactttce
cagtcgaggtgagccccacgttctgcecttcactctececccatcteccecceccecectececcaccecccaatt
ttgtatttatttattttttaattattttgtgcagcgatgggggcggggggggggggggcgcgcgce
caggcggggcggggcggggcgaggggcggggeggggecgaggcggaaaggtgecggecggcagcecaat
cagagcggcgcgctceccgaaagtttcececttttatggcgaggecggcggeggecggecggecctataaaaa
gcgaagcgcgcggcgggcegctgecttetececctectgtgagtttggtaagtecgacgggeccgggect
gggccgggtceccgggecgggtegttggatcecccactacageccgatactcaagettgacgaattceg
agtatccaaggtagtggactagtgtgacgctgctgacccctttectttecececttectgcaggttggtyg
tacagtagcttccaaattgattaattcgagcgaacgcgtcgceccaccatgaactcecttctceccacaa
gcgecttcecggtceccagttgecttcectcececctgggectgectecectggtgttgectgetgectteectgee
ccagtcttcacactcgaagatttcecgttggggactggcgacagacagccggctacaacctggacca
agtccttgaacagggaggtgtgtccagtttgtttcagaatctcggggtgtcecgtaactcecegatcece
aaaggattgtcctgagcggtgaaaatgggctgaagatcgacatccatgtcatcatccecgtatgaa
ggtctgagcggcgaccaaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatga
tcatcactttaaggtgatcctgcactatggcacactggtaatcgacggggttacgccgaacatga
tcgactatttcggacggccgtatgaaggcatecgeccgtgttcgacggcaaaaagatcactgtaaca
gggaccctgtggaacggcaacaaaattatcgacgagcgcectgatcaacccecgacggctcecectget
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gttccgagtaaccatcaacggagtgaccggctggcecggectgtgcgaacgcattctggecggectageg
ctactaacttcagcctgctgaagcaggctggagacgtggaggagaaccctggacctggaagcecgga
gagggcagaggaagtctgctaacatgcggtgacgtcgaggagaatcctggacctggatccggaat
ggtgagcaagggcgaggagctgttcaccggggtggtgcccatcectggtcgagectggacggecgacy
taaacggccacaagttcagcgtgtcecggcgagggcgagggecgatgccacctacggcaagcetgacce
ctgaagttcatctgcaccaccggcaagctgcceccecgtgceccctggeccaccctegtgaccaccecctgac
ctacggcgtgcagtgcttcagccgctaccceccgaccacatgaagcagcacgacttcecttcaagtecg
ccatgcccecgaaggctacgtccaggagcgcaccatecttcttcaaggacgacggcaactacaagacc
cgcgccgaggtgaagttcgagggcgacaccctggtgaaccgcatcgagectgaagggcatcgactt
caaggaggacggcaacatcctggggcacaagctggagtacaactacaacagccacaacgtctata
tcatggccgacaagcagaagaacggcatcaaggtgaacttcaagatccgccacaacatcgaggac
ggcagcgtgcagctcgccecgaccactaccagcagaacacccecceccatecggecgacggeccegtgetget
gcccgacaaccactacctgagcacccagtceccgecctgagcaaagaccccaacgagaagcecgegate
acatggtcctgctggagttcgtgaccgceccgecgggatcactcectecggecatggacgagectgtacaag
taaaatcaacctctggattacaaaatttgtgaaagattgactggtattcttaactatgttgctcc
ttttacgctatgtggatacgctgctttaatgcctttgtatcatgctattgecttececegtatggett
tcattttctcctecttgtataaatcectggttgetgtctectttatgaggagttgtggeccegttgte
aggcaacgtggcgtggtgtgcactgtgtttgctgacgcaacccecccactggttggggcattgcecac
cacctgtcagctccttteccgggactttcecgetttcecceccecctecctattgecacggeggaactcateg
ccgcctgceccecttgeccecgectgectggacaggggctecggetgttgggcactgacaattececgtggtgttg
tcggggaaatcatcgtcctttcecttggctgectcegectgtgttgeccacctggattctgegegggac
gtccttctgctacgtcectteggceccecctcaatccageggaccttectteccegeggectgetgecgyg
ctctgcggcectcecttceccecgegtcecttegecttegecctcagacgagtecggatctecectttgggecgece
tccececgegetegetttettgetgteccaatttectattaaaggttecctttgttcectaagtceccaact
actaaactgggggatattatgaagggccttgagcatctggattctgcecctaataaaaaacatttat
tttcattgcaagctcgctttcttgctgtccaatttctattaaaggttecctttgtteccctaagtece
aactactaaactgggggatattatgaagggccttgagcatctggattctgcctaataaaaaacat
ttattttcattgcaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaaaaaaaasaasaaaaaaaaaaaaaaaaaaaaaaaaactcggaagg
acatggtgtggaaagtccccaggctceccccagcaggcagaagtatgcaaagcatgecatctcaatta
gtcagcaaccaggtgtggaaagtccccaggctceccccagcaggcagaagtatgcaaagcatgecate
tcaattagtcagcaaccaaattaaagtaacccataacttcgtatagcatacattatacgaagtta
tgaagttcctattctctagaaagtataggaacttctagtcacctatttcagcatactacgecgegt
agtatgctgaaataggtttatcagcacacaatagtccattatacgcgcgtataatggcaattgtyg
tgctgattgggttactttaatttggatccgtcgaccgatgececcttgagagecttcaacccagtca
gcteccttcececggtgggcecgcecggggcatgactatcecgtecgecgcacttatgactgtecttectttatcatyg
caactcgtaggacaggtgccggcagcecgctecttceccecgettcectegectcactgactegectgegetegg
tcgttcggctgcggecgagecggtatcagctcactcaaaggcecggtaatacggttatccacagaatca
ggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggce
cgcgttgctggegtttttccataggectccecgececcecceccectgacgagcatcacaaaaatcgacgctcecaa
gtcagaggtggcgaaacccgacaggactataaagataccaggecgtttcccectggaagectcecte
gtgcgctctcecctgttcecgaccctgecgecttaccggatacctgteccgectttcteccttegggaag
cgtggcgctttctcatagctcacgctgtaggtatctcagttecggtgtaggtecgttecgetceccaage
tgggctgtgtgcacgaaccccceccecgttcageccecgacecgctgegecttateccggtaactategtett
gagtccaacccggtaagacacgacttatcgccactggcagcageccactggtaacaggattagcag
agcgaggtatgtaggcggtgctacagagttcttgaagtggtggcctaactacggctacactagaa
gaacagtatttggtatctgcgctctgctgaagccagttaccttcggaaaaagagttggtagectct
tgatccggcaaacaaaccaccgctggtageggtggtttttttgtttgcaagcagcagattacgecg
cagaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctgacgctcagtggaacyg
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aaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatcctttta
aattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttacca
atgcttaatcagtgaggcacctatctcagcgatctgtctatttcgttcatccatagttgectgac
tccecegtegtgtagataactacgatacgggagggcttaccatctggeccccagtgectgcaatgata
ccgcgagacccacgctcacecggctccagatttatcagcaataaaccagccagecggaagggecga
gcgcagaagtggtcctgcaactttatccgcecteccatccagtctattaattgttgecgggaageta
gagtaagtagttcgccagttaatagtttgcgcaacgttgttgccattgctacaggcatecgtggtyg
tcacgctcgtcecgtttggtatggcttcattcagctceggttceccaacgatcaaggcgagttacatyg
atcccccatgttgtgcaaaaaagcggttagectectteggtecteccgategttgtcagaagtaagt
tggccgcagtgttatcactcatggttatggcagcactgcataattctcttactgtcatgceccatcecce
gtaagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggecg
accgagttgctcttgcccggcgtcaatacgggataataccgegceccacatagcagaactttaaaag
tgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgectgttgagatcce
agttcgatgtaacccactcgtgcacccaactgatcttcagcatcttttactttcaccagegtttce
tgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgtt
gaatactcatactcttcctttttcaatattattgaagcatttatcagggttattgtctcatgage
ggatacatatttgaatgtatttagaaaaataaacaaataggggttccgcecgcacatttccceccgaaa
agtgccacctgacgcgccctgtagecggegcattaagecgecggegggtgtggtggttacgegecageg
tgaccgctacacttgccagcgceccctagecgeccecgcectectttegetttetteecttectttetegece
acgttcgceccggctttcecccececgtcaagectctaaatcgggggctecectttagggttececgatttagtge
tttacggcacctcgaccccaaaaaacttgattagggtgatggttcacgtagtgggeccatcgecct
gatagacggtttttcgccecctttgacgttggagtccacgttctttaatagtggactcttgttccaa
actggaacaacactcaaccctatctcecggtctattcttttgatttataagggattttgecgatttce
ggcctattggttaaaaaatgagctgatttaacaaaaatttaacgcgaattttaacaaaatattaa
cgcttacaatttgccattcgccattcaggctgcecgcaactgttgggaagggcgatcggtgecgggec
tcttcgctattacgccagcceccaagctaccatgataagtaagtaatattaaggtacgtggaggttt
tacttgctttaaaaaacctcccacacctcecccectgaacctgaaacataaaatgaatgcaattgtt
gttgttaacttgtttattgcagcttataatggttacaaataaagcaatagcatcacaaatttcac
aaataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatcttatyg
gtactgtaactgagctaacataa

SEQ ID NO:45 4-6-pGL2-SS*-CMV enhancer-EF1-UTR 1-SecNLuc-2A-eGFP-WPRE-
3’UTR(108 to 120 polyA)-SS*

cccgggaggtaccgagctcecttacgcecgtgctagaattaaagtaacccaatcagcacacaattgceca
ttatacgcgcgtataatggactattgtgtgctgataaacctatttcagcatactacgecgegtagt
atgctgaaataggtgactagaagttcctatactttctagagaataggaacttcataacttcgtat
aatgtatgctatacgaagttatgggttactttaatttggttgctgactaattgagatgcatgctt
tgcatacttctgcctgctggggagcectggggactttceccacacctggttgectgactaattgagatyg
catgctttgcatacttctgcctgcectggggagecctggggactttccacaccectgggtcgacgaca
ttgattattgactagttattaatagtaatcaattacggggtcattagttcatagcccatatatgg
agttccgecgttacataacttacggtaaatggccecgectggetgaccgcccaacgaccocccgecca
ttgacgtcaataatgacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatg
ggtggagtatttacggtaaactgcccacttggcagtacatcaagtgtatcatatgccaagtacge
ccectattgacgtcaatgacggtaaatggceccecgectggcattatgeccagtacatgaccttatgg
gactttcctacttggcagtacatctacgtattagtcatcgctattaccatggggcagagcgcaca
tcgcccacagtcecccecgagaagttggggggaggggtecggcaattgaacecggtgectagagaaggtg

gcgcggggtaaactgggaaagtgatgtcgtgtactggctceccgectttttecccgagggtgggggayg
aaccgtatataagtgcagtagtcgccgtgaacgttcectttttcgcaacgggtttgecgeccagaaca
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cagctgccttctcecectectgtgagtttggtaagtcgacgggeccgggectgggecgggteccgggec
gggtcgttggatccccactacagcccgatactcaagecttgacgaattcgagtatccaaggtagtyg
gactagtgtgacgctgctgacccctttctttcecttectgcaggttggtgtacagtagcttccaaa
ttgattaattcgagcgaacgcgtcgccaccatgaactccttctccacaagegecttecggtceccagt
tgccttcteccecctgggectgectectggtgttgectgetgecttececctgecccagtecttcacacteg
aagatttcgttggggactggcgacagacagccggctacaacctggaccaagtecttgaacaggga
ggtgtgtccagtttgtttcagaatctcggggtgtcecgtaactcecgatccaaaggattgtecectgag
cggtgaaaatgggctgaagatcgacatccatgtcatcatccecgtatgaaggtctgagecggcgacce
aaatgggccagatcgaaaaaatttttaaggtggtgtaccctgtggatgatcatcactttaaggtyg
atcctgcactatggcacactggtaatcgacggggttacgccgaacatgatcgactatttcggacyg
gccgtatgaaggcatcgceccecgtgttcgacggcaaaaagatcactgtaacagggaccctgtggaacy
gcaacaaaattatcgacgagcgcctgatcaaccccgacggcteccectgetgttccgagtaaccate
aacggagtgaccggctggcggctgtgcgaacgcattctggeggctagecgectactaacttcagect
gctgaagcaggctggagacgtggaggagaaccctggacctggaagcggagagggcagaggaagtce
tgctaacatgcggtgacgtcgaggagaatcctggacctggatccggaatggtgagcaagggcgag
gagctgttcaccggggtggtgcccatcecctggtcgagectggacggecgacgtaaacggccacaagtt
cagcgtgtccggcgagggcgagggcgatgceccacctacggcaagctgaccctgaagttcatctgea
ccaccggcaagctgcccgtgceccctggceccaccecctegtgaccacccectgacctacggegtgcagtge
ttcagccgctaccceccecgaccacatgaagcagcacgacttcttcaagtcecgeccatgeccgaaggceta
cgtccaggagcgcaccatcttcttcaaggacgacggcaactacaagacccgcecgceccgaggtgaagt
tcgagggcgacaccctggtgaaccgcatcgagctgaagggcatcgacttcaaggaggacggcaac
atcctggggcacaagctggagtacaactacaacagccacaacgtctatatcatggccgacaagca
gaagaacggcatcaaggtgaacttcaagatccgccacaacatcgaggacggcagcecgtgecagetecg
ccgaccactaccagcagaacacccccecatcggecgacggecceccegtgetgetgececgacaaccactac
ctgagcacccagtccgccecctgagcaaagaccceccaacgagaagcgcecgatcacatggtectgetgga
gttcgtgaccgccgecgggatcactctecggcatggacgagctgtacaagtaaaatcaacctcectgg
attacaaaatttgtgaaagattgactggtattcttaactatgttgctccttttacgctatgtgga
tacgctgctttaatgcctttgtatcatgctattgecttceccgtatggetttcattttctectectt
gtataaatcctggttgctgtctctttatgaggagttgtggceccgttgtcaggcaacgtggegtgyg
tgtgcactgtgtttgctgacgcaacccccactggttggggcattgccaccacctgtcagetectt
tccgggactttcecgecttteccectecctattgecacggecggaactcatecgecgectgecttgeeccyg
ctgctggacaggggctcggctgttgggcactgacaattccgtggtgttgtcggggaaatcategt
cctttecttggectgectcecgectgtgttgeccacctggattectgegegggacgtececttectgetacgte
ccttcecggceccectcaatccagecggaccttecttececcgeggectgetgeceggetectgeggectecttece
gcgtcecttcecgecttcecgecctcagacgagteggatctecectttgggecgectececegegetegettt
cttgctgtccaatttctattaaaggttcctttgttcecctaagtccaactactaaactgggggata
ttatgaagggccttgagcatctggattctgcctaataaaaaacatttattttcattgcaagectcg
ctttcttgctgtccaatttctattaaaggttecctttgttccctaagteccaactactaaactgggg
gatattatgaagggccttgagcatctggattctgecctaataaaaaacatttattttcattgcaaa
aaaaaaasaaaaaaaaaaaaaaaaaaaaaasaasaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
daaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaactcggaaggacatggtgtggaaagt
ccccaggctceccccagcaggcagaagtatgcaaagcatgecatctcaattagtcagcaaccaggtgt
ggaaagtccccaggctceccecccagcaggcagaagtatgcaaagcatgcatctcaattagtcagcaac
caaattaaagtaacccataacttcgtatagcatacattatacgaagttatgaagttcctattctce
tagaaagtataggaacttctagtcacctatttcagcatactacgcgcgtagtatgctgaaatagg
tttatcagcacacaatagtccattatacgcgcgtataatggcaattgtgtgctgattgggttact
ttaatttggatccgtcgaccgatgcecttgagageccttcaacccagtcagetecttececggtggge
gcggggcatgactatcgtcgecgcacttatgactgtecttcectttatcatgcaactecgtaggacagyg
tgccggcagcecgectcecttcecegettcectegetcactgactcecgetgegeteggtegttecggetgeggeg
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agcggtatcagctcactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaa
agaacatgtgagcaaaaggccagcaaaadggccaggaaccgtaaaaaggccgegttgcectggegttt
ttccataggctccgceccceccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaa
cccgacaggactataaagataccaggcgtttcecccecectggaagcectecctegtgegetectectgtte
cgaccctgceccgettaccggatacctgtcececgectttcectececttecgggaagecgtggegetttcteat
agctcacgctgtaggtatctcagttcggtgtaggtcgttcgectceccaagetgggectgtgtgecacga
accccceccecgttcageccecgaccgcetgegecttatececggtaactatecgtettgagtccaaccecggtaa
gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggce
ggtgctacagagttcttgaagtggtggcctaactacggctacactagaagaacagtatttggtat
ctgcgctctgctgaagccagttaccttcggaaaaagagttggtagectecttgatccggcaaacaaa
ccaccgctggtagecggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatcect
caagaagatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagg
gattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagtt
ttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgag
gcacctatctcagcgatctgtctatttcgttcatccatagttgcctgacteccecegtegtgtagat
aactacgatacgggagggcttaccatctggccceccagtgctgcaatgataccgecgagacccacgcet
caccggctccagatttatcagcaataaaccagccagccggaagggccgagcegecagaagtggtecet
gcaactttatccgcctccatccagtctattaattgttgeccgggaagctagagtaagtagttegece
agttaatagtttgcgcaacgttgttgccattgctacaggcatcgtggtgtcacgectecgtegtttyg
gtatggcttcattcagctccggttcccaacgatcaaggecgagttacatgatccecccatgttgtge
aaaaaagcggttagctccttcecggtectceccgategttgtcagaagtaagttggecgcagtgttatce
actcatggttatggcagcactgcataattctcttactgtcatgccatcecgtaagatgecttttctyg
tgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgctcttge
ccggcgtcaatacgggataataccgcgccacatagcagaactttaaaagtgctcatcattggaaa
acgttcttcggggcgaaaactctcaaggatcttaccgectgttgagatccagttcgatgtaaccca
ctcgtgcacccaactgatcttcagcatcttttactttcaccagecgtttctgggtgagcaaaaaca
ggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttgaatactcatactctt
cctttttcaatattattgaagcatttatcagggttattgtctcatgagecggatacatatttgaat
gtatttagaaaaataaacaaataggggttccgcgcacatttcceccgaaaagtgeccacctgacgeg
ccectgtagecggegcecattaagcecgecggegggtgtggtggttacgegcagegtgaccgectacacttge
cagcgccctagecgcecccgetectttegetttecttececcttectttcectegeccacgttecgecggettte
ccegtcaagcectctaaatcecgggggectececctttagggtteccgatttagtgetttacggecacctegac
cccaaaaaacttgattagggtgatggttcacgtagtgggccatcgeccctgatagacggtttttcg
ccectttgacgttggagtceccacgttctttaatagtggactcecttgttccaaactggaacaacactca
accctatctcecggtcectattcttttgatttataagggattttgeccgatttecggectattggttaaaa
aatgagctgatttaacaaaaatttaacgcgaattttaacaaaatattaacgcttacaatttgcca
ttcgccattcaggctgcgcaactgttgggaagggcecgatcggtgecgggectettegetattacgece
agcccaagctaccatgataagtaagtaatattaaggtacgtggaggttttacttgctttaaaaaa
cctcccacacctceccecceccectgaacctgaaacataaaatgaatgcaattgttgttgttaacttgttta
ttgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaagcatttttt
tcactgcattctagttgtggtttgtccaaactcatcaatgtatcttatggtactgtaactgaget
aacataa

SEQ ID NO:46 3 copies of Enhancer-1

gggactttccggggcggggcacgtggtgcacgggactttceccgtgcacgtgcacgggactttceccecgyg
gactttccgggactttcecgtgcaccacgtggggacttteccgtgcacgggactttcecggggegggyg

cacgtggtgcacgggactttccgtgcacgtgcacgggactttccgggactttcecgggactttecg
tgcaccacgtggggactttccgtgcacgggactttccggggecggggcacgtggtgcacgggactt
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tcecgtgcacgtgcacgggactttceccgggactttcecgggactttcecegtgcaccacgtggggacttt
ccgtgceac

SEQ ID NO:47 chimeric intron

ggagtcgctgcgttgccttcgecccecegtgeccecgectcecegegecgecectecgegecgececgececggetet
gactgaccgcgttactcccacaggtgagecgggcecgggacggcecceccttctectececgggetgtaattageg
cttggtttaatgacggctcgtttcttttctgtggctgecgtgaaagececttaaagggcteccgggagggce
cctttgtgcgggggggagcggctcggggggtgcgtgegtgtgtgtgtgegtggggagecgecgegtge
ggctccecgcecgcectgceccecggceggetgtgagegcetgegggegeggegeggggectttgtgegeteegecagtyg
tgcgcgaggggagcgcggccgggggcggtgceccceccgeggtgeggggggggctgcgaggggaacaaagy
ctgcgtgcggggtgtgtgcecgtgggggggtgagcagggggtgtgggecgeggeggtecgggcetgtaacce
cceccectgecacccececcecctececcecgagttgetgagecacggeccggettecgggtgeggggectecegtacgggyg
cgtggcgcggggctcgeegtgecgggeggggggtggeggcaggtgggggtgeccgggeggggcggyage
cgcctcgggccggggagggetcgggggaggggcgcggcggeccccggagegecggeggcetgtcgagyg
cgcggcgagccgcagceccattgecttttatggtaatecgtgecgagagggcgcagggacttectttgtee
caaatctgtgcggagccgaaatctgggaggcgceccgcecgcacccececctectagegggecgeggggcgaage
ggtgcggcgccggcaggaaggaaatgggecggggagggccttecgtgegtegecgegeecgeecgtececcecet
tctcecectetecagectecggggetgteccgecggggggacggetgecttecgggggggacggggcagggcey
gggttcggcttctggcecgtgtgaccggeggctctagagecctctgctaaccatgttcatgecttettet
ttttcctacag

[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.
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WHAT IS CLAIMED IS:

An expression vector comprising:

(@)
(b)

(©)

a backbone sequence,

a sequence comprising:

(i)
(it)

(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)

(it)

(1i1)

(iv)

v)

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

(viil)) 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-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-TevIll, PI-Tlil,
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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11.

12.

13.

14.

15.

16.

17.

18.
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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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22.

23.

24.

25.

26.

27.

28.

29.
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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 S'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-S5.

The expression vector of claim 19, wherein the S'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 [3-

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 CMYV 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-S5.

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 PY 54 pal site, the N15 telRL site, the loxP 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-Seclll, I-
ScelV, I-SceV, I-SceVI, I-SceVII, I-Ssp68031, I-Tevl, I-Tevll, I-TevIll, PI-Tlil, PI-THlI,
I-Tsp0611, or I-Vdil1411.

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’
1) 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,

(1)  a CMYV enhancer located 5' to a promoter in the expression cassette,
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(ii1)  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

(vil) aDTS 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 S'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 S'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 1s 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.



98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

-155-

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.



