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DNA PLASMIDS WITH IMPROVED
EXPRESSION

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application 1s a continuation of U.S Pat.
Application No. 17/112.918, filed Dec. 4, 2020, which 1s a
reissue of U.S. Pat. Application No. 15/375,215, filed Dec.
12, 2016, now U.S. Pat. 10,144,935, 1ssued Dec. 4, 2018,
which 1s a division of U.S. Pat. Application No. 14/
422,865, filed Feb. 20, 2015, now U.S. Pat. 9,550,998,
1ssued Jan. 24, 2017, which 1s a 371 U.S. National Phase
Application of International Application Number PCT/
US2013/000068, filed Mar. 14, 2013 which claims the ben-
efit of U.S. Provisional Application No. 61/743,219, filed
Aug. 29, 2012 entitled “DNA Plasmids With Improved
Expression”. The entire disclosures of each of the above-
1dentified applications are incorporated heremn by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] This invention was supported mn part with govern-
ment support under Grant No. R44GMO080768, awarded by
the National Institutes of Health. The government has cer-
tain rights 1 this mvention.

INCORPORATION-BY- REFERENCE OF A
SEQUENCE LISTING

[0003] The sequence listing contained 1n the file “85535-
372741 Sequence Listing.xml”, created on Dec. 14, 2022,
file s1ze 85,575 bytes, 1s mcorporated by reference 1n 1ts
entirety herein.

FIELD OF THE INVENTION

[0004] The present imnvention relates to a family of eukar-
yotic expression plasmids usetul for gene therapy, obtaining
improved genetic immunization, natural interferon produc-
tion, and more particularly, for improving the expression of
plasmid encoded antigens, therapeutic proteins and RINAs.
[0005] The present invention also relates to the production
of covalently closed circular (ccc) recombinant DNA mole-
cules such as plasmids, cosmids, bacterial artificial chromo-
somes (BACs), bacteriophages, viral vectors and hybrids
thereof, and more particularly to strain modifications that
improve production yield of said DNA molecules 1in fermen-
tation culture.

[0006] Such recombinant DNA molecules are useful m
biotechnology, transgenic organisms, gene therapy, thera-
peutic vaccination, agriculture and DNA vaccines.

BACKGROUND OF THE INVENTION

[0007] E. coli plasmids have long been an important
source of recombinant DNA molecules used by researchers
and by industry. Today, plasmid DNA 1s becoming increas-
ingly important as the next generation of biotechnology pro-
ducts (e.g., gene medicines and DNA vaccines) make their
way mto clinical trials, and eventually mto the pharmaceu-
tical marketplace. Plasmid DNA vaccines may find applica-
tion as preventive vaccines for viral, bactenal, or parasitic
diseases; immunizing agents for the preparation of hyper
immune globulin products; therapeutic vaccines for infec-
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fious diseases; or as cancer vaccines. Plasmids are also uti-
lized in gene therapy or gene replacement applications,
wherein the desired gene product 1s expressed from the plas-
mid after administration to the patient.

[0008] Therapeutic plasmids often contain a pMBI,
ColEl or pBR322 derived replication origin. Common
high copy number denivatives have mutations affecting
copy number regulation, such as ROP (Repressor of primer
gene) deletion, with a second site mutation that increases
copy number (e.g. pMBI1 pUC G to A point mutation, or
ColEl pMMI1). Higher temperature (42° C.) can be
employed to mnduce selective plasmud amplification with
pUC and pMMI replication origins.

[0009] U.S. Pat. No. 7,943,377 (Cames, A E and Wil-
hams, J A, 2011) disclose methods for fed-batch termenta-
tion, 1n which plasmid-contaming E. coli cells were grown
at a reduced temperature during part of the fed-batch phase,
during which growth rate was restricted, followed by a tem-
perature upshiit and continued growth at elevated tempera-
ture 1n order to accumulate plasmid; the temperature shift at
restricted growth rate improved yield and purity of plasmmd.
Other fermentation processes for plasmd production are
described 1n Carnes A. E. 2005 BioProcess Intl; 3:36-44,
which 1s incorporated herein by reference 1n 1ts entirety.
[0010] The art teaches that one of the limaitations of appli-
cation of plasmud therapies and plasmid vaccines 1s regula-
tory agency (e.g. Food and Drug Administration, EMEC)
safety concerns regarding 1) plasmid transfer and replica-
tion 1 endogenous bacterial flora, or 2) plasmd encoded
selection marker expression m human cells, or endogenous
bacterial flora. Additionally, regulatory agency guidances
recommend removal of all non essential sequences 1n a vec-
tor. Plasmids contamning a pMB1, ColE1 or pBR322 derived
replication origin can replicate promiscuously m E. cofi
hosts. This presents a safety concern that a plasmid thera-
peutic gene or antigen will be transferred and replicated to a
patient’s endogenous flora. Ideally, a therapeutic or vaccine
plasmid would be replication incompetent 1 endogenous E.
coli strams. This requires replacement of the pMB1, ColEl
or pBR322 derived replication onigin with a conditional
replication origin that requires a specialized cell line for pro-
pagation. As well, regulatory agencies such as the EMEA
and FDA are concerned with utilization of antibiotic resis-
tance or alternative protemn markers m gene therapy and
oene vaccine vectors, due to concerns that the gene (antibio-
tic resistance marker or protemn marker) may be expressed 1n
a patients cells. Ideally, plasmid therapies and plasmid vac-
cines would be 1) replication mncompetent in endogenous £,
coli strains, 2) would not encode a protein based selection
marker and 3) be minimalized to eliminate all non essential
sequences.

[0011] The art further teaches that one of the limitations of
application of plasmid therapies and vaccines 1s that antigen
expression 18 generally very low. Vector modifications that
improve antigen expression (€.g. codon optimization of the
gene, mclusion of an mtron, use of the strong constitutive
CMYV or CAGG promoters versus weaker or cell line speci-
fic promoter) are highly correlative with improved 1n vivo
expression and, where applicable, mmmune responses
(reviewed i Manoj S, Babiuk LA, van Drunen Little-van
den Hurk S. 2004 Crit Rev Clin Lab Sci 41: 1-39). A hybnd
CMYV promoter (CMV/R), which increased antigen expres-
sion, also improved cellular immune responses to HIV DNA
vaccines m mice and nonhuman primates (Barouch D H,
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Yang 7 Y, Kong W P, Korioth-Schmitz B, Sumida S M,
Truitt D M, Kishko M G, Arthur J C, Miura A, Mascola J
R, Letvin N L, Nabel G J. 2005 J Virol. 79: 8828-8834). A
plasmid contaiming the woodchuck hepatitis virus posttran-
scriptional regulatory element (a 600 bp element that
increases stability and extranuclear transport of RNA result-
ing 1n enhanced levels of mRNA {for translation) enhanced
antigen expression and protective mmmunity to influenza
hemagglutinin (HA) 1 mice (Garg S, Oran A E, Hon H,
Jacob J. 2004 J Immunol. 173: 550-558). These studies
teach that improvement in expression beyond that of current
CMYV based vectors may generally improve immunogeni-
city and, 1n the case of gene therapeutics, etlicacy.

SUMMARY OF THE INVENTION

[0012] The present invention relates to a family of mini-
malized eukaryotic expression plasmds that are replication
incompetent m endogenous flora and have dramatically
improved 1n vivo expression. These vectors are useful for
gene therapy, genetic immunization and or interferon
therapy.

[0013] The present invention also relates generally to
methods of increasing production yield of covalently closed
super-coiled plasmid DNA.

[0014] Improved vectors that utilize novel replication ori-
omns that unexpectedly improve antigen expression are
disclosed.

[0015] One object of the invention 1s to provide improved
expression plasmid vectors. Yet another object of the mven-
tion 1s to provide methods for improving plasmid copy
number.

[0016] According to one object of the mnvention, a method
of increasmg expression from an expression plasmid vector
comprises modifying the plasmid DNA to replace the
pMBI1, ColEl or pBR322 denived replication origin and
selectable marker with an alternative replication origin
selected from the group consisting of an minimal pUC ori-
o, a R6K gamma replication origin, a ColE2-P9 replica-
tion origin, and a ColE2-P9 related replication origin and an
RNA selectable marker; transtforming the modified plasmid
DNA mto a bacterial cell line rendered competent for trans-
formation; and 1solating the resultant transformed bacterial
cells. The resultant plasmid surprisingly has higher 1n vivo
expression levels than the parent pMB1, ColE1 or pBR322
dertved replication origin expression plasmid vector.

[0017] According to one object of the mvention, a compo-
sition for construction of a cukaryotic expression vector
comprises an R6K origin with at least 90% sequence 1den-
tity to the sequence set forth as SEQ ID NO: 1, and a RNA
selectable marker, wherein said R6K origin 1s operably
limked to said RNA selectable marker and a cukaryotic
region. According to another object of the mvention, said
R6K origmm-RNA selectable marker improves said vector
expression m vivo compared to a corresponding vector con-
taiming a pMB1, ColEl or pBR322 derived replication ori-
om. According to still another object of the mvention, said
vector has at least 95% sequence i1dentity to a sequence
selected from the group consisting of: SEQ ID NO: 2,
SEQ ID NO: 3, SEQ ID NO: 41.

[0018] According to one object of the mvention, a compo-
sition for construction of a eukaryotic expression vector
comprises a ColE2-P9 origin with at least 90% sequence
1dentity to the sequence set forth as SEQ ID NO: 4, 5, 6,
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or 7, and a a RNA selectable marker, wherein said ColE2-
P9 origin—a RNA selectable marker 1s operably linked to a
eukaryotic region. According to another object of the mnven-
tion, said ColE2-P9 origin-RNA selectable marker improves
said vector expression 1 vivo compared to a corresponding
vector containing a pMB1, ColE1 or pPBR322 derived repli-
cation origin. According to still another object of the imnven-
tion, said vector has at least 95% sequence 1dentity to a
sequence selected from the group consisting of: SEQ ID

NO: 8, SEQ ID NO: 9. According to still another object of
the mvention, a primosomal assembly site (ss1A) 1s option-
ally mcorporated mto the vector adjacent to the ColE2-P9
origin.

[0019] According to another object of the mvention, pro-
duction cell lines are disclosed that improve plasmid yield 1in
shake flask and or fermentation culture with said R6K
gamma replication origin, ColE2-P9 replication origin, or
ColE2-P9 related replication origin plasmid vectors of the
current mnvention.

[0020] According to another object of the mvention, pro-
duction cell lines providing heat inducible induction of R6K
gamma replication origin, ColE2-P9 replication origin, or
ColE2-P9 related replication origmm plasmid vectors for
DNA production are disclosed. These cell lines contain
one or more copies of the corresponding R6K gamma repli-
cation origin, ColE2-P9 replication origin, or ColE2-P9
related replication protein mtegrated into the genome and
expressed from the group consisting of: the heat mducible
P; promoter (SEQ ID NO: 10), the heat mnducible P; pro-
moter incorporating the OL1-G deletion (SEQ ID NO: 11),
the heat inducible P; promoter mmcorporating the OL1-G to
T substitution (SEQ ID NO: 12).

[0021] According to another object of the invention,
mutant R6K replication proteins that improve heat mnducible
induction of R6K gamma replication origin vectors are dis-
closed. These cell lines contain one or more copies of the
mutant R6K gamma replication origin replication protein
integrated mto the genome and expressed from the group
consisting of: the heat inducible P; promoter (SEQ ID NO:
10), the heat inducible P; promoter incorporating the OLI -
G deletion (SEQ ID NO: 11), the heat inducible P; promoter
incorporating the OL1-G to T substitution (SEQ ID NO: 12).
The mutant R6K gamma replication origin replication pro-
temn are selected from the group consisting of: P42L.-P113S
(SEQ ID NO: 13), P42L-P106L-F107S (SEQ ID NO: 14).

[0022] According to another object of the invention, a
mutant ColE2-P9 replication protein that improve heat indu-
cible mmduction of ColE2-P9 replication origin vectors 18 dis-
closed. These cell lines contain one or more copies of the
mutant ColE2-P9 replication origin replication protein inte-
grated into the genome and expressed from the group con-
sisting of: the heat inducible P; promoter (SEQ ID NO: 10),
the heat inducible P; promoter mcorporating the OL1-G
deletion (SEQ ID NO: 11), the heat inducible P; promoter
incorporating the OL1-G to T substitution (SEQ ID NO: 12).
The mutant ColE2-P9 replication origin replication protein
1s ColE2-P9 Rep mut G194D (SEQ ID NO: 16).

[0023] Further objects and advantages of the invention
will become apparent from a consideration of the drawings
and ensuing description.
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BRIEF DESCRIPTION OF THE FIGURES

[0024] FIG. 1 depicts the NTC8685 pUC origin expres-

s10n vector;

[0025] FIG. 2 depicts the NTC9685C ColE2 origm
expression vector;

[0026] FIG. 3 depicts the NTC9683R R6K origin expres-
s10n vector;

[0027] FIG. 4 depicts the NTC9385C ColE2 origin
expression vector;

[0028] FIG. S depicts the NTC9383R R6K origin expres-
s10n vector;

[0029] FIG. 6 depicts the pINT pR pLL R6K Rep p1 P42L-
P106L- F107S (P3-) integration vector;

[0030] FIG. 7 depicts SEQ ID NO: 44, which includes the
P; promoter with OL1 mutations OL1-G and OLI1-G to T;
[0031] FIG. 8 depacts the pINT pR pL. ColE2 Rep protein
integration vector;

[0032] FIG. 9 shows Nanoplasmid expression i vitro
after lipofectamine transfection of HEK?293 cell line;
[0033] FIG. 10 shows Nanoplasmud expression i vivo
after intramuscular mnjection with EP;

[0034] FIG. 11 depicts a ColE2 origin Nanoplasmid

shRNA expression vector; and
[0035] FIG. 12 depacts an IncB RNAI based RNA select-

able marker.

[0036] Table 1: P; promoter with OL1 mutations OL1-G
and OL1-G to T mmprove plasmid yields in HyperGRO
fermentation

[0037] Table 2: NTC9385R-EGFP LB media shake flask
production yields in R6K production strains

[0038] Table 3: NTC9385C-Luc plasmid performance
different processes and production cell lines

[0039] Table 4: ColE2 Onigin EGFP vector production mn
NTC701131 ColE2 production cell line

[0040] Table 5: NTC9382C, NTC9385C, NTCI9382R,
NTCO9385R, NTC9682C, NTC9685C, NTC9682R, and
NTC9685R vectors

[0041] Table 6: gWIZ and NTC9385C Nanoplasmid
expression compared to NTC8685

[0042] Table 7: SR vector expression 1n vitro and 1n vivo
[0043] Table 8: RNA Pol III Nanoplasmid vector
expression

[0044] Table 9: High level expression 1s obtained with
pMB1 RNAI or RNA-OUT antisense RINA vectors

[0045] SEQ ID NO: 1: R6K gamma Origin

[0046] SEQ ID NO: 2: NTC9385R vector backbone
[0047] SEQ ID NO: 3: NTC9685R vector backbone
[0048] SEQ ID NO: 4: ColE2 Origin (+7)

[0049] SEQ ID NO: 5: ColE2 Origin (+7, CpG free)
[0050] SEQ ID NO: 6: ColE2 Origin (Min)

[0051] SEQ ID NO: 7: ColE2 Origin (+16)

[0052] SEQ ID NO: 8: NTC9385C vector backbone
[0053] SEQ ID NO: 9: NTC9685C vector backbonge
[0054] SEQ ID NO: 10: P; Promoter (-35 to -10)

[0055] SEQ ID NO: 11: P; Promoter OL1-G (-35 to -10)
[0056] SEQ ID NO: 12: P, Promoter OL1-G to 1(-35 to
-10)
[0057]
[00358]
F107S
[00359]

\DOOH]CJ\M-IE-MM

SEQ ID NO: 13: R6K Rep protein P42L-P113S
SEQ ID NO: 14: R6K Rep protein P42L.-P106L-

SEQ ID NO: 15: ColE2 Rep protein (wild type)
[0060] SEQ ID NO: 16: ColE2 Rep protemn mut (G194D)
[0061] SEQ ID NO: 17: pINT pR pLL R6K Rep p1P42L-
P106L- F107S (P3-)
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[0062] SEQ ID NO: 18: pINT pR pL ColE2 Rep protein
mut (G194D)

[0063] SEQ ID NO: 19: NTC9385R and NTC9685R Bac-
terial region. [Nhel site-trpA terminator-R6K Origin-RINA -
OUT- Kpnl site]

[0064] SEQ ID NO: 20: NTC9385C and NTC9685C Bac-
terital region. [Nhel site-ssiA-ColE2 Ornigin (+7)-RNA-
OUT-Kpnl site
[0065] SEQ ID NO: 21: NTC9385C and NTC9685C CpG
free ss1A [from plasmid R6K]

[0066] SEQ ID NO: 22: CpG free R6K origin

[0067] SEQ ID NO: 23: RNA-OUT selectable marker
from NTC9385C, NTC9685C, NTC9385R, and NTC9685R
[0068] SEQ ID NO: 24: RNA-OUT Sense strand RNA
from NTC9385C, NTC9685C, NTC9385R, NTCI9683R,
and NTC9385Ra

[0069] SEQ ID NO: 25: TPA secretion sequence

[0070] SEQ ID NO: 26: PCR primer 15061101

[0071] SEQ ID NO: 27: PCR primer 15061102

[0072] SEQ ID NO: 28: ColE2 core replication origin
[0073] SEQ ID NO: 29: +7(CpG free)-ss1A ColE2 origin
[0074] SEQ ID NO: 30: HTLV-IR-Rabbit B globin hybrid
mntron

[0075] SEQ ID NO: 31: pMBI1 RNAI antisense repressor
RINA (origin antisense partner of RNAII)

[0076] SEQ ID NO: 32: pMB1 RNAI selectable Marker,
RINNAI RNA (Sense strand)

[0077] SEQ ID NO: 33: IncB RNAI antisense repressor
RINNA (IncB plasmid origin RNAII antisense partner)

[0078] SEQ ID NO: 34: IncB RNAI selectable Marker.
Dralll-Kpnl restriction fragment

[0079] SEQ ID NO: 35: IncB RNAII-SacB. Pstl-Maml
restriction fragment

[0080] SEQ ID NO: 36: CpG free RNA-OUT selection
marker—iflanked by Kpnl and BglII-EcoRI sites

[0081] SEQ ID NO: 37: CpG free R6K gamma—RNA-
OUT bacterial region (CpG free R6K orngin-CpG free
RINA-OUT selection marker)—flanked by EcoRI-Sphl and
Bglll-EcoRI sites

[0082] SEQ ID NO: 38: CpG free ColE2 bacterial region
(CpG free ssiA-CpG free ColE2 origin-CpG free RNA-
OUT selection marker)-tlanked by EcoRI-Sphl and Bglll-
EcoRI sites

[0083] SEQ ID NO: 39: NT(C9385Ra-02 vector backbone
[0084] SEQ ID NO: 40: NTC9385Ra-01 vector backbone
[0085] SEQ ID NO: 41: NTC9385R-BE vector backbone
[0086] SEQ ID NO: 42: P,,;,, mmimal pUC replication
origin

[0087] SEQ ID NO: 43: pUC (0.85) Bactenal region
[Nhel site—trpA  terminator-P,,,;,, pUC replication origin
(minimal)- RNA-OUT-Kpnl site]

[0088] SEQ ID NO: 44: artificial sequence including a P,
promoter

DEFINITION OF TERMS

[0089] A,os5: Absorbance at 405 nanometers
[0090] AF: Antibiotic-free
[0091] APC: Antigen Processing Cell, for example, lan-

oerhans cells, plasmacytoid or conventional dendritic cells

[0092] Approximately: As used herein, the term “approxi-
mately” or “about,” as applied to one or more values of
interest, refers to a value that 1s the same or similar to a

stated reference value
[0093] BAC: Bacterial artificial chromosome
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[0094] Bacterial region: Region of a plasmid vector
required for propagation and selection 1n the bacterial host

[0095] BE: Boundary element: Eukaryotic sequence that
that blocks the interaction between enhancers and promo-
ters. Also referred to as insulator element. An example 1s
the AT-rich unique region upstream of the CMYV enhancer
Spel site that can function as an insulator/boundary element
(Angulo A, Kerry D, Huang H, Borst E M, Razmsky A, Wu
J et al. 2000 J Virol 74: 2826-2839)

[0096] bp: basepairs

[0097] ccc: Covalently Closed Circular

[0098] cl: Lambda repressor

[0099] cITs857: Lambda repressor turther incorporating a
C to T (Ala to Thr) mutation that confers temperature sensi-
tivity. cITs857 1s a tunctional repressor at 28-30° C., but 1s
mostly mactive at 37-42° C. Also called cI857

[0100] Cm£~: Chloramphenicol resistance

[0101] cmv: Cytomegalovirus

[0102] CMYV promoter boundary element: Al-rich region
of the human cytomegalovirus (CMV) genome between the
ULI127 open reading frame and the major immediate-early
(MIE) enhancer. Also referred to as unique region (Angulo
et al. Supra, 2000)

[0103] ColE2-P9 replication origin: a region which 1s spe-
cifically recognized by the plasmid-specitied Rep protein to
initiate DNA replication. Includes but not limited to ColE2-
P9 replication origin sequences disclosed in SEQ ID NO: 4
ColE2 Origin (+7), SEQ ID NO: 5: ColE2 Origin (+7, CpG
tfree), SEQ ID NO: 6: ColE2 Origin (Min) and SEQ ID NO:
7: ColE2 Origin (+16) and replication functional mutations
as disclosed 1n Yagura et al 2006, J Bacteriol 188:999-1010
included herein by reference

[0104] ColE2 related replication origin: The ColE2-P9
origin 18 highly conserved across the ColE2-related plasmid
tamily. Fifteen ColE2 related plasmid members imcluding
ColE3 are compared in Euraga et al 1994, J Bacteriol.
176:7233 and 53 ColE2 related plasmid members including
ColE3 are compared in Yagura et al Supra, 2006. These
sequences are mncluded herein by reference

[0105] ColE2-P9 plasmud: a circular duplex DNA mole-
cule of about 7 kb that 1s maintained at about 10 to 15 copies
per host chromosome. The plasmid encodes an mitiator pro-
tein (Rep proten), which 1s the only plasmid-specified trans-
acting factor essential for ColE2-PY9 plasmid replication
ColE2-P9 replication origin RNA-OUT bactenal region:
Contams a ColE2-P9 replication origin for propagation
and the RNA-OUT selection marker. Optionally includes a
PAS, for example, the R6K plasmid CpG free ss1A primo-
somal assembly site (SEQ ID NO: 21) or alternative @ X174
type or ABC type primosomal assembly sites, such as those
disclosed 1n Nomura et al 1991 Gene 108:15

[0106] ColE2 plasmid: NTC9385C and NTC9685C vec-
tors disclosed herein, as well as modifications and alterna-
tive vectors contamning a ColE2-P9 replication origin deliv-
ery methods: Methods to deliver gene vectors [e.g.
poly(lactide-co-glycolide) (PLGA), ISCOMSs, liposomes,
niosomes, virosomes, chitosan, and other biodegradable
polymers, electroporation, piezoelectric permeabilization,
sonoporation, ultrasound, corona plasma, plasma facilitated
delivery, tissue tolerable plasma, laser microporation, shock
wave energy, magnetic fields, contactless magneto-permea-
bilization, gene gun, microneedles, naked DNA 1njection,
hydrodynamic delivery, high pressure taill vein injection,
needle free biojector, liposomes, microparticles, micro-
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spheres, nanoparticles, virosomes, bacterial ghosts, bactena,
attenuated bacteria, etc] as known 1n the art and mcluded
herein by reference

[0107] DNA replicon: A genetic element that can replicate
under 1ts own control; examples include plasmds, cosmids,
bacterial artificial chromosomes (BACs), bacteriophages,
viral vectors and hybrids thereot

[0108] L. coli: Escherichia coli, a gram negative bacteria

[0109] EGFP: Enhanced green fluorescent protein
[0110] EP: Electroporation

[0111] Eukaryotic expression vector: A vector for expres-
sion of mRNA, protein antigens, protem therapeutics,
shRNA, RNA or microRNA genes 1n a target organism
[0112] Eukaryotic region: The region of a plasmid that
encodes eukaryotic sequences and/or sequences required
for plasmid function in the target organism. This includes
the region of a plasmid vector required for expression of
one or more transgenes in the target organism including
RINA Pol II enhancers, promoters, transgenes and polyA
sequences. A eukaryotic region may express protein or
RINA genes usmg one or more RNA Pol II promoters, or
express RNA genes using one or more RNA Pol I1I promo-
ters or encode both RNA Pol II and RNA Pol III expressed
genes. Additional functional eukaryotic region sequences
include RNA Pol I or RNA Pol III promoters, RNA Pol 1
or RNA Pol III expressed transgenes or RNASs, transcrip-
tional terminators, S/MARs, boundary elements, etc

[0113] FU: Fluorescence units

[0114] g: Gram, kg for kilogram

[0115] Hzr(s): Hour(s)

[0116] HTLV-I R: HTLV-I R 5" untranslated region
(UTR). Sequences and compositions were disclosed 1 Wil-
lhams, J A 2008 World Patent Application W02008153733
and 1ncluded herein by reference

[0117] IM: Intramuscular

[0118] 1mmmune response: Antigen reactive cellular (e.g.
antigen reactive T cells) or antibody (e.g. antigen reactive
Ig(5) responses

[0119] IncB RNAI: plastmd pMU720 origmm encoded
RNAI (SEQ ID NO: 33) that represses RNA II regulated
targets (Wilson IW, Siemering K R, Praszkier J, Pittard A
J. 1997. ] Bacteriol 179:742)

[0120] kan: Kanamycin

[0121] kanR: Kanamycin Resistance gene

[0122] Kd: Kilodalton

[0123] kozak sequence: Optimized sequence of consensus
DNA sequence gccRecATG (R=G or A) mmmediately
upstream of an ATG start codon that ensures efficient tranla-
tion mitiation. A Sail site (GTCGAC) mmmediately
upstream of the ATG start codon (GTCGACATG) 1s an
eftective Kozak sequence Minicircle: Covalently closed cir-
cular plasmid derivatives in which the bacterial region has
been removed from the parent plasmid by m vivo or 1n vitro
intramolecular (c1s-) site specific recombination or m vitro
restriction digestion/ligation

[0124] mSEAP: Murine secreted alkaline phosphatase
Nanoplasmid vector: Vector combining an RNA selection
marker with a R6K or ColE2 related replication origin. For
example, NTC9385C, NTC9685C, NTC9385R,
NTC9685R, NTCO9385R-BE, NTC9385Ra-01 and
NTC9385Ra-02 vectors described herein and modifications
thereof

[0125] NTC7382 promoter: A chimeric promoter com-
prising the CMV enhancer-CMV promoter-HTLV R-syn-
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thetic rabbit B globin 3" intron acceptor-exon 2-SRF protein
binding site-kozak sequence, with or without an upstream
SV40 enhancer. The creation and application of this chi-
meric promoter 15 disclosed in Williams J A Supra, 2008
and included herem by reference

[0126] NTC8385: NTC8385 and NTC8685 plasmids are
antibiotic-free vectors that contain a short RNA (RNA-
OUT) selection marker 1in place of the antibiotic resistance
marker (kanR) The creation and application of these RNA-
OUT based antibiotic-free vectors are disclosed 1n Williams,

J A Supra, 2008 and included herein by reference
[0127] NTC8685: NTC8685 (FIG. 1) 1s an antibiotic-free

vector that contamms a short RNA (RNA-OUT) selection
marker 1 place of the antibiotic resistance marker (kanR)
The creation and application of NTC8685 1s disclosed
Williams, J A 2010 U.S. Pat. Application 20100184158
and included herem by reference

[0128] OLI1: Lambda repressor binding site in the P; pro-
moter (FIG. 7). Repressor binding to OL1 1s altered by
mutations mm OL1, such as OL1-G (FIG. 7; this 1s a smgle
base deletion that also reduces the distance between the P;
promoter -35 and -10 boxes from optimal 17 bp to 16 bp)
and OL1-G to T (FIG. 7; this 1s a G to T substitution that
maintains the distance between the P; promoter -35 and -10

boxes at the optimal 17 bp; this 1s the V2 mutation described

by Bailone A and Galibert F, 1980. Nucleic Acids Research
8:2147)

[0129] ODgoo: optical density at 600 nm

[0130] PAS: Primosomal assembly site. Priming of DNA
synthesis on a single stranded DNA ss1 site. ©X174 type
PAS: DNA hairpin sequence that binds priA, which, mn
turn, recruits the remaining protemns to form the preprimo-
some [pr1B, dnal, recruits dnaB (delivered by dnaC)],
which then also recruits primase (dnaG), which then, finally,
makes a short RNA substrate for DNA polymerase [. ABC
type PAS: DNA hairpin binds dnaA, recruits dnaB (deliv-
ered by dnaC) which then also recruits primase (dnaG),
which then, finally, makes a short RNA substrate for DNA
polymerase I. See Masai et al, 1990 J Biol Chem 265:15134.
For example, the R6K plasmid CpG free ssiA primosomal
assembly site (SEQ ID NO: 21) or alternative QX174 type
or ABC type primosomal assembly sites, such as those dis-
closed 1n Nomura et al Supra, 1991

[0131] PAS-BH: Primosomal assembly site on the heavy

(leading) strand
[0132] PAS-BH region: pBR322 origin region between

ROP and PAS-BL (approximately pBR322 2067-2351)
[0133] PAS-BL: Primosomal assembly site on the light

(lagging) strand

[0134] PBS: Phosphate buffered Saline

[0135] PCR: Polymerase Chain Reaction

[0136] pDNA: Plasmud DNA

[0137] pINT pR pL vector: The pINT pR pL 1ntegration
expression vector 1s disclosed mn Luke et al 2011 Mol Bio-
technol 47:43 and mcluded herein by reference. The target
gene to be expressed 1s cloned downstream of the pLl pro-
moter (FIG. 7). The vector encodes the temperature mduci-
ble cI857 repressor, allowing heat mmducible target gene
expression. P; promoter: Lambda promoter left (FIG. 7).
P; 1s a strong promoter that 1s repressed by the ¢l repressor
binding to OL1, OL2 and OL3 repressor binding sites. The
temperature sensitive cI8357 repressor allows control of gene
expression by heat induction smce at 30° C. the cI857
repressor 1s functional and 1t represses gene expression,
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but at 37-42° C. the repressor 1s 1nactivated so expression
of the gene ensues

[0138] Plasmid: An extra chromosomal DNA molecule
separate from the chromosomal DNA which 1s capable of

replicating independently tfrom the chromosomal DNA
[0139] pMBI1 RNAIL pMBI1 plasmud origin encoded

RNAI that represses RINAII regulated targets (SEQ ID
NO: 31; SEQ ID NO: 32) that represses RNAII regulated
targets such as those described 1n Grabherr R, Platfenzeller
I. 2006 U.S. Pat. Application US20060063232 and Cranen-
burgh R M. 2009; U.S. Pat. No. 7,611,883

[0140] P,,;,,: Minimal 678 bp pUC replication origin SEQ
ID NO: 42 and functional variants with base substitutions

and/or base deletions. Vectors described herein mcorporat-
ing P,,; mclude NTC8385-Min and NTC8885MP-U6

[0141] Pol: Polymerase
[0142] polyA: Polyadenylation signal or site. Polyadeny-

lation 1s the addition of a poly(A) tail to an RNA molecule.
The poly-adenylation signal 1s the sequence motil recog-
nzed by the RNA cleavage complex. Most human polyade-
nylation sites contain an AAUAAA motit and conserved
sequences 5" and 3' to 1t. Commonly utilized polyA sites
are derived from the rabbit B globin (NTC8685; FIG. 1),
bovine growth hormone (gWIZ; pVAXI), SV40 early, or
5V40 late polyA signals pUC replication origm: pBR322-
derived replication origin, with G to A transition that
Increases copy number at elevated temperature and deletion
of the ROP negative regulator

[0143] pUC plasmid: Plasmid containing the pUC origin
[0144] R6K  plasmud:  NTC9385R, NTC9685R,
NTCO9385Ra-O1 and RINA9385Ra-O2 vectors disclosed

herein, as well as modifications, and alternative R6K vectors
known 1n the art including but not limited to pCOR vectors
(Geneell), pCpG- free vectors (Invivogen), and CpG free
Umniversity of Oxtord vectors mcluding pGM169

[0145] RO6K replication origin: a region which 1s specifi-
cally recognized by the plasmid-specified Rep protein to
mitiate DNA replication. Includes but not limited to R6K
replication origin sequence disclosed as SEQ ID NO: 1:
R6K Origin, and CpG free versions (SEQ ID NO: 22) as
disclosed 1n Drocourt et al U.S. Pat. No. 7.244.609 and
incorporated herein by reference

[0146] RO6K replication origin-RNA-OUT  bactenal
region: Contains a R6K replication origin for propagation
and the RNA-OUT selection marker

[0147] Rep: Replication

[0148] Rep protein dependent plasmid: A plasmmd 1n
which replication 1s dependent on a replication (Rep) pro-
tein provided 1in Trans. For example, R6K replication origin,
ColE2-P9 replication origin and ColE2 related replication
origin plasmids in which the Rep protein 1s expressed trom
the host strain genome. Numerous additional Rep protein
dependent plasmids are known 1n the art, many of which

are summarized m del Solar et al 1998 Microbiol. Mol.

Biol. Rev 62:434-464 which 1s included herem by reference
[0149] RNA-IN: Imsertion sequence 10 (IS10) encoded

RNA-IN, an RNA complementary and antisense to RINA-
OUT. When RNA-IN 1s cloned m the untranslated leader
of a mRNA, annealing of RNA-IN to RNA-OUT reduces
translation of the gene encoded downstream of RNA-IN

[0150] RNA-IN regulated selection marker: A genomi-
cally expressed RNA-IN regulated selectable marker. In
the presence of plasmid borne RNA-OUT, expression of a
protem encoded downstream of RNA-IN 1s repressed. An
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RINA-IN regulated selection marker 1s configured such that
RINA-IN regulates either 1) a protein that 1s lethal or toxic to
said cell per se or by generating a toxic substance (e.g.
SacB), or 2) a repressor protemn that 1s lethal or toxic to
said bactenal cell by repressing the transcription of a gene
that 1s essential for growth of said cell (e.g. murA essential
oene regulated by RNA-IN tetR repressor gene). For exam-
ple, genomically expressed RNA-IN-SacB cell lines for
RNA-OUT plasmd propagation are disclosed in Williams,
J A Supra, 2008 (SEQ ID NO: 23) and included herein by
reference. Alternative selection markers described 1n the art
may be substituted for SacB

[0151] RNA-OUT: Insertion sequence 10 (IS 10) encoded
RNA-OUT (SEQ ID NO: 24), an antisense RNA that hybri-
dizes to, and reduces translation of, the transposon gene
expressed downstream of RNA-IN. The sequence of the
core RNA- OUT sequence (SEQ ID NO: 24) and comple-
mentary RINA- IN SacB genomically expressed RINA-IN-
SacB cell lines can be modified to mcorporate alternative
functional RNA-IN/RNA-OUT binding pairs such as those
disclosed i Mutalik et al. 2012 Nat Chem Biol 8:447,
including, but not limited to, the RNA-OUT AO8/RNA-IN
S49 pair, the RNA-OUT AO8/RNA-IN S08 pair, and CpG
free modifications of RNA-OUT A0S that modity the CG n
the RNA-OUT 5" TT CGCT sequence to a non-CpG
sequence

[0152] RNA-OUT Seclectable marker: An RNA-OUT
selectable marker DNA fragment including E. coli tran-
scription promoter and terminator sequences tlanking an
RNA-OUT RNA. An RNA-OUT selectable marker, utiliz-
ing the RNA-OUT promoter and terminator sequences, that
1s flanked by Dralll and Kpnl restriction enzyme sites, and
designer genomically expressed RNA-IN-SacB cell lines for
RNA-OUT plasmid propagation, are disclosed i Williams,
J A Supra, 2008 (SEQ ID NO: 23) and included herein by
reference. The RNA-OUT promoter and terminator
sequences flanking the RNA-OUT RNA may be replaced
with heterologous promoter and terminator sequences. For
example, the RNA-OUT promoter may be substituted with a
CpG free promoter known 1n the art, for example the I-
EC2K promoter or the P% % or P% 6/6 promoters disclosed
in Willilams, J A Supra, 2008 and included herem by
reference

[0153] RNA selectable marker: also RNA selection matr-
ker. An RNA selectable marker 1s a plasmid borne expressed
non translated RNA that regulates a chromosomally
expressed target gene to afford selection. This may be a
plasmid borne nonsense suppressing tRNA that regulates a
nonsense suppressible selectable chromosomal target as
described by Crouzet J and Soubrier F 2005 U.S. Pat. No.
6,977,174 included herein by reference. This may also be a
plasmid borne antisense repressor RNA, a non limiting list
included herein by reference includes RNA-OUT that
represses RNA-IN regulated targets, pMB1 plasmid origin
encoded RNALI that represses RNAII regulated targets (SEQ
ID NO: 31; SEQ ID NO: 32; Grabherr and, Plaffenzeller
Supra, 2006; Cranenbuigh R M. Supra, 2009), IncB plasmid
pMU720 origin encoded RNALI that represses RNA 1I regu-
lated targets (SEQ ID NO: 33; SEQ ID NO: 34; Wilson ¢t al
Supra, 1997), ParB locus Sok of plasmid R1 that represses
Hok regulated targets, Flm locus FImB of F plasmid that
represses ImA regulated targets (Morsey M A, 1999 U.S.
Pat. No. 5,922.583). An RNA selectable marker may be
another natural antisense repressor RNAs known 1n the art

Aug. 3, 2023

such as those described 1n Wagner E G H, Altuvia S, Romby
P. 2002. Adv Genef 46:361 and Franch T, and Gerdes K.
2000. Current Opin Microbiol 3:159. An RNA selectable
marker may also be an engineered repressor RNAs such as
synthetic small RNAs expressed SgrS, MicC or MicF scat-
tolds as described in Na D, Yoo S M, Chung H, Park H, Park
JH, Lee S Y. 2013. Nat Biotechnol 31:170

[0154] ROP: Repressor of primer

[0155] sacB: Structural gene encoding Bacillus subftilis
levansucrase. Expression of sacB 1n gram negative bacteria

1s toxic 1 the presence of sucrose
[0156] SEAP: Secreted alkaline phosphatase
[0157] shRNA: Short hairpin RNA

[0158] SR: Spacer region. As used herein, spacer region 18
the region linking the 5" and 3 ends of the eukaryotic region
sequences. The eukaryotic region 5" and 3’ ends are typically
separated by the replication origin and selection marker. In
simple single RNA Pol II transcription vectors this will be
between the RNA Pol II promoter region (5 to a promoter,
enhancer, boundary element, S/MAR) and the RNA Pol 11
polyA region (3’ to a polyA sequence, eukaryotic transcrip-
tional terminator sequence, boundary element, S/MAR). For
example, m NTC9385R (FIG. 5) the spacer region 1s region
between Nhel site at 1663 and Kpnl site at 460. In dual RNA
Pol II transcription vectors, the eukaryotic sequences sepa-
rated by the spacer will depend on the orientation of the two
transcription elements. For example, with divergent or con-
vergent RNA Pol II transcription units, the spacer region
may separate two polyA sequences or two enhancers respec-
tively. In RNA Pol II, RNA Pol III dual expression vectors,
the spacer region may separate an RNA Pol II enhancer and
a RNA Pol III promoter. The spacer region may encode bac-
terial or eukaryotic selectable markers, bacterial transcrip-
tion termunators, cukaryotic transcription terminators,
boundary elements, S'MARs, RNA Pol I or RNA Pol III
expressed sequences or other functionalities

[0159] ss1: Single stranded mitiation sequences

[0160] SV40 enhancer: Region containing the 72 bp and
optionally the 21 bp repeats

[0161] target antigen: Immunogenic protein or peptide
epitope, or combination of proteins and epitopes, against
which an immune response can be mounted. Target antigens
may by derived from a pathogen for infectious disease appli-
cations, or derived from a host organism for applications
such as cancer, allergy, or autoimmune diseases. Target anti-
oens are well defined 1n the art. Some examples are dis-
closed mm Williams, Supra, 2008 and are included heremn by
reference TE bufter: A solution contamning approximately
10 mM Tris pH 8 and 1 mM EDTA

[0162] Transcription terminator: Bacterial: A DNA
sequence that marks the end of a gene or operon for tran-
scription. This may be an intrinsic transcription terminator
or a Rho-dependent transcriptional terminator. For an intrin-
si¢ terminator, such as the trpA terminator, a hairpin struc-
ture forms within the transcript that disrupts the mRNA-
DNA-RNA polymerase ternary complex. Alternatively,
Rho-dependent transcriptional terminators require Rho fac-
tor, an RNA helicase protein complex, to disrupt the nascent
mRNA-DNA-RNA polymerase ternary complex. Eukaryo-
tic: PolyA sites are not ‘terminators’, mstead internal clea-
vage at PolyA sites leaves an uncapped 5" end on the 3'UTR
RNA for nuclease digestion. Nuclease catches up to RNA
Pol II and causes termination. Termination can be promoted
within a short region of the poly A site by mtroduction of
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RNA Pol II pause sites (eukaryotic transcription termina-
tor). Pausing of RNA Pol II allows the nuclease introduced
into the 3" UTR mRNA after PolyA cleavage to catch up to
RNA Pol II at the pause site. A nonlimiting list of eukaryotic
transcription terminators know 1 the art mclude the C2x4
terminator (Ashfield R, Patel A J, Bossone S A, Brown H,
Campbell R D, Marcu K B, Proudtoot N J. 1994. EMBO J
13:5656) and the gastrin terminator (Sato K, Ito R, Back K
H, Agarwal K, 1986. Mol. Cell. Biol. 6:1032). Terminator
clement may stabilize mRNA by enhancing proper 3'-end
processing of mRNA (Kim D, Kim J D, Back K, Yoon Y,
Yoon J. 2003. Biotechnol Prog 19:1620)

[0163] Transgene: Target antigen or protein or RNA gene
that 1s cloned 1nto a vector

[0164] ts: Temperature sensitive

[0165] ug: microgram

[0166] ul: microliter

[0167] UTR: Untranslated region of a mRNA (5 or 3" to

the coding region)
[0168] VARNA: Adenoviral wvirus associated RNA,
including VAR-NAI (VAI or VA1) and or VARNAII (VA

or VA2) from any Adenovirus serotype, for example, sero-
type 2, serotype 5 or hybnids thereof

[0169] VARNAI: Adenoviral virus associated RNAI also
referred to as VAI, or VAI from any Adenovirus serotype,
for example, serotype 2, serotype 5 or hybrids thereof
[0170] Vector: A gene delivery vehicle, including viral
(¢.g. alphavirus, poxvirus, lentivirus, retrovirus, adenovirus,
adenovirus related virus, etc) and nonviral (e.g. plasmid,
midge, transcriptionally active PCR fragment, minicircles,
bacteriophage, etc) vectors. These are well known 1n the
art and are included herein by reference

[0171] Vector backbone: Fukaryotic region and bacterial
region of a vector, without the transgene or target antigen
coding region

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0172] The mvention relates generally to plasmid DNA
compositions and methods to improve plasmid expression
and plasmid production. The mnvention can be practiced to
1mprove expression of vectors such as eukaryotic expression
plasmds useful for gene therapy, genetic immunization and
or mterferon therapy. The mvention can be practiced to
improve the copy number of vectors such as eukaryotic
expression plasmids useful for gene therapy, genetic immu-
nization and or interferon therapy. It 1s to be understood that
all references cited herein are incorporated by reference n
their entirety.

[0173] According to one preferred embodiment, the pre-
sent mvention provides for method of increasing mn vivo
expression of transgene from covalently closed super-coiled
plassmid DNA, which comprises modifying the plasmid
DNA to replace the pMBI1, ColE1 or pBR322 derived repli-
cation origin and selectable marker with a replication origin
selected from the group consisting of an P,,;,, mimnimal pUC
replication origin, ColE2-P9 replication origin, ColE2
related replication origin, and ROK replication origin and a
RINA selectable marker; transforming the modified plasmid
DNA 1nto a Rep protein producing bacterial cell line ren-
dered competent for transformation; and 1solating the resul-
tant transformed bactenal cells. The modified plasmid pro-

Aug. 3, 2023

duced trom these cells has increased transgene expression 1n
the target organism.

[0174] In one preferred embodiment, the spacer region
encoded pMBI1, ColEl or pBR322 derived replication ori-
oin 18 replaced with a CpG free ColE2 origin. In another
preferred embodiment, a primosome assembly site 18 mcor-
porated mto a ColE2 plasmid DNA backbone to improve
plasmid copy number. In yet another preferred embodiment,
the pMBI1, ColEl or pBR322 derived replication origin 1s

replaced with a CpG free R6K origin.
[0175] The methods of plasmid modification of the pre-

sent mvention have been surprisingly found to improve
plasmid expression 1n the target organism. Increased expres-
sion vectors may find application to improve the magmtude
of DNA vaccination mediated antigen reactive B or T cell
responses for preventative or therapeutic vaccination,
increase RNA and or protein transgene levels to improve
oene replacement therapy or gene knockdown therapy,
increase plasmid based expression levels of DNA vector
expressed therapeutic antibodies that neutralize infectious
diseases such as influenza, EHV, malana, hepatitis C virus,
tuberculosis, etc.

[0176] Plasmid encoded transgene expression in the target
organ-1sm 1s preferably increased by employing specific
constructs or compositions mcorporated 1 a vector. Accord-
ing to one preferred embodiment, the present mvention pro-
vides a composition for construction of a vector, comprising
a ColE2 origin with at least 90% sequence 1dentity to the
sequences set forth as SEQ ID NO: 4, SEQ ID NO: 5,
SEQ ID NO: 6, SEQ ID NO: 7, and a RNA selectable mar-
ker and a eukaryotic region, wherein the ColE2 origin 1s
operably linked to the RNA selectable marker and eukaryo-
tic region. It has been surprisingly found that this ColE2
origin-RINA selectable marker improves plasmid encoded
transgene expression 1n the target organism. According to
another preferred embodiment, the resultant vector of the
mvention has at least 95% sequence 1dentity to a sequence
selected from the group consisting of: SEQ ID NO: &, SEQ

ID NO: 9.
[0177] According to another preferred embodiment, the

present mvention provides a composition for construction
of a vector, comprising an R6K origin with at least 90%
sequence 1dentity to the sequences set forth as SEQ ID
NO: 1, SEQ ID NO: 22, and a RNA selectable marker and
a cukaryotic region, wherein the R6K origin 1s operably
linked to the RNA selectable marker and eukaryotic region.
It has been surprisingly found that this R6K origin-RNA
selectable marker improves plasmid encoded transgene
expression 1n the target organism. According to another pre-
ferred embodiment, the resultant vector of the invention has
at least 95% sequence 1dentity to a sequence selected from
the group consisting of: SEQ ID NO: 2, SEQ ID NO: 3, SEQ
ID NO: 39, SEQ ID NO: 40, SEQ ID NO: 41.

[0178] As used herein, the term “sequence 1dentity” refers
to the degree of 1dentity between any given query sequence,
c.g., SEQ ID NO: 2, and a subject sequence. A subject
sequence may, for example, have at least 90 percent, at
least 95 percent, or at Ieast 99 percent sequence 1dentity to
a given query sequence. To determine percent sequence
identity, a query sequence (e.g., a nucleic acid sequence) 18
aligned to one or more subject sequences using any suitable
sequence alignment program that 1s well known 1 the art,
for mstance, the computer program ClustalW (version 1.83,
default parameters), which allows alignments of nucleic
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acid sequences to be carried out across their entire length
(global alignment). Chema et al., 2003 Nucleic Acids Res.,
31:3497-500. In a preterred method, the sequence alignment
program (e.g., ClustalW) calculates the best match between
a query and one or more subject sequences, and aligns them
so that 1dentities, similarities, and differences can be deter-
mined Gaps of one or more nucleotides can be mserted 1nto
a query sequence, a subject sequence, or both, to maximize
sequence alignments. For fast pair-wise alignments of
nucleic acid sequences, suitable default parameters can be
selected that are appropriate for the particular alignment
program. The output 1s a sequence alignment that reflects
the relationship between sequences. To further determine
percent 1dentity of a subject nucleic acid sequence to a
query sequence, the sequences are aligned using the align-
ment program, the number of 1dentical matches 1n the align-
ment 15 divided by the length of the query sequence, and the
result 18 multiplied by 100. It 1s noted that the percent 1den-
tity value can be rounded to the nearest tenth. For example,
78.11, 78.12, 78.13, and 78.14 are rounded down to 78.1,
while 78.15, 78.16, 78.17, 78.18, and 78.19 are rounded up

to 78.2.
[0179] According to another preferred embodiment, the

present mvention provides methods and compositions for
production of a Rep protein dependent plasmid vector. Pro-
duction cell lines providing improved heat mnducible P; pro-
moter expression ol a Rep protein mtegrated mto the gen-
ome and expressed from the heat inducible P; promoter
incorporating the OL1-G deletion (SEQ ID NO: 11), or the
heat mducible P; promoter mcorporating the OL1-G to T
substitution (SEQ ID NO: 12). It has been surprisingly
tound that these promoter modifications improves Rep pro-
tein dependent plasmid vector copy number 1n shake flask
and fermentation cultures.

[0180] Turning now to the drawings, FIG. 1. shows an
annotated map of the antibiotic free NTC8685 pUC origin
expression vector with the locations of the pUC origin, PAS-
BH primosomal assembly site, SV40 enhancer and other
key elements mndicated. The replication origin (PAS-BH
and pUC ornigin) 1s from the Agel (230) site to the Dral
(1548) site (1318 bp total). The antibiotic free RNA-OUT
selection marker 1s between the Dralll (1548) and Kpnl
(1695) sites (147 bp total). The spacer region encoded bac-
terial region (replication and selection) of this vector 1s 1465
bp.

[0181] FIG. 2 shows an annotated map of the antibiotic-
free NTC9685C ColE2 origin expression vector with the
locations of the primosomal assembly site, ColE2 Replica-
tion origin (Replication origin) and other key elements mndi-
cated. The spacer region encoded bacterial region (replica-
tion and selection) of this vector 1s 281 bp [Nhelsite-ss1A-
ColE2 Origin (+7)-RNA-OUT-Kpnl site] (SEQ ID NO: 20).
[0182] FIG. 3 shows an annotated map of the antibiotic-
free NTC9685R R6K origin expression vector with the loca-
tions of the primosomal assembly site, R6K Replication ori-
oin (R6K mini-origin) and other key elements indicated.
The spacer region encoded bacterial region (replication
and selection) of this vector 1s 466 bp [Nhelsite-trpA terma-
nator-R6K Origin-RNA-OUT-Kpnl site] (SEQ ID NO: 19).
[0183] FIG. 4 shows an annotated map of the antibiotic-
free NTC9385C ColE2 origin expression vector with the
locations of the primosomal assembly site, ColE2 Replica-
tion origin (Replication origin) and other key elements mndi-
cated. The spacer region encoded bacterial region (replica-
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tion and selection) of this vector 1s 281 bp [Nhelsite-ss1A-
ColE2 Origin (+7)-RNA-OUT-Kpnl site] (SEQ ID NO: 20).
This vector ditfers from NTC9685C 1n that the VA1 RNA
and SV40 enhancer are not present.

[0184] FIG. S shows an annotated map of the antibiotic-
free NTC9385R R6K origin expression vector with the loca-
tions of the primosomal assembly site, R6K Replication ori-
oin (R6K mini-origin) and other key elements indicated.
The spacer region encoded bacterial region (replication
and selection) of this vector 18 466 bp [ Nhelsite-trpA termi-
nator-R6K Origin-RNA-OUT-Kpnl site] (SEQ ID NO: 19).
This vector ditfers from NTC9685R 1n that the VA1 RNA
and SV40 enhancer are not present.

[0185] FIG. 6 shows an annotated map of the pINT pR pL
R6K Rep p1 P42L-P106L-F107S (P3-) mtegration vector;
key features such as the ¢1857 1s repressor, P; promoter,
R6K Rep protein, HK022 phage attachment site for site spe-
cific integration into the E. cofi genome, R6K replication
origin and spectinomycin/streptomycin resistance marker
(SpecR StrepR) are shown.

[0186] FIG. 7 show an annotated sequence of the P; pro-
moter with locations of the P; promoter OL1, OL2 and OL3
repressor binding sites, -10 and -35 promoter elements for
P;1 and P;2 promoters. The OL1 mutations OL1-G and
OL1-G to T alterations are shown.

[0187] FIG. 8 shows an annotated map of the pINT pR pL
ColE2 Rep protem mtegration vector; key teatures such as
the ¢1857 1s repressor, P; promoter, ColE2 Rep protein,
HKO022 phage attachment site for site specific mtegration
into the F. coli genome, R6K replication origin and specti-
nomyci/ streptomycin resistance marker (SpecR StrepR)
are shown.

[0188] FIG. 9 shows Nanoplasmid expression in vitro
after lipotectamine transiection of HEK293 cell line of var-
1ous EGFP transgene encoding vectors.

[0189] FIG. 10 shows Nanoplasmid expression i vivo
after intramuscular mnjection with EP of various muSEAP

transgene encoding vectors.
[0190] FIG. 11 shows a ColE2 origin Nanoplasmid

shRNA expression vector. In this vector, a 22 bp shRNA 1s
expressed from the RNA Polymerase III H1 promoter, with
a TTTTIT termmator. The bacterial region 1s the
NTC9385C and NTC9685C Bacterial region (SEQ ID NO:
20).

[0191] FIG. 12 shows an IncB RNAI based RNA selection
marker. A) Genomically expressed target of IncB RNAI
RINA selection marker (SEQ ID NO: 35). Plasmid expressed
RINAI binding to the pseudoknot i the complementary gen-
omically expressed RNAII target prevents translation of the
downstream SacB gene, conferring sucrose resistance. The
RINAI -10 and -35 promoter elements are mutated to prevent

RNATI expression. B) Structure of plasmid expressed IncB

RINAI RNA selection marker (SEQ ID NO: 34) encoding
the IncB RINAI antisense repressor (SEQ ID NO: 33).
[0192] The invention also relates to compositions and
methods for producing high expression level plasmids. The
present invention provides sequences that, when mtroduced
into a vector backbone, increase plasmid expression.

[0193] The surprising observation that a ColE2 replication
origin-RINA selection marker or R6K replication origin-
RNA selection marker can be utilized as a plasmid expres-
sion enhancer 1s disclosed.

[0194] As described heremn, plasmmd expression 1s
increased by replacement of the pMBI1, ColEl or pPBR322
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dertved origin-selection marker bacterial region with an
R6K origin-RINA selection marker 1n the plasmid backbone.
In yet another preferred embodiment, the R6K origin 1s CpG
free. In yet another preferred embodiment, the R6K origin 1s
included with an RNA-OUT selection marker. In yet another
preferred embodiment, the R6K origin 1s included with an
pMB 1 RNAI selection marker. In yet another preferred
embodiment, the R6K origin 1s mcluded with an IncB
RINAI selection marker.

[0195] In yet another preferred embodiment, plasmid
expression 1s Increased by replacement of the pMBI,
ColEl orpBR322 denved origin-selection marker bacterial
region with a ColE2 origin-RNA selection marker in the
plasmid backbone. In yet another preferred embodiment,
the ColE2 origin 1s CpG free. In yet another preterred embo-
diment, the ColE2 onigm 1s included with an RNA-OUT
selection marker. In yet another preferred embodiment, the
ColE2 origin 1s included with an pMB 1 RNAI selection
marker. In yet another preferred embodiment, the ColE2 ori-
o1n 1s 1included with an IncB RNAI selection marker. In yet
another preferred embodiment, the ColE2 origin 1s mcluded
with a primosome assembly site.

[0196] In yet another preferred embodiment, plasmid
expression 1s 1ncreased by replacement of the pMBI,
ColEl or pBR322 derived origin-selection marker with a
P,..;, mmimal pUC, ColE2 or a R6K origm 1n the plasmd
backbone spacer region and an RNA selection marker 1n an
intron. In yet another preferred embodiment, the R6K or
ColE2 onigin 1s CpG free. In yet another preferred embodi-
ment, the RNA selection marker 1s the RNA-OUT selection
marker. In yet another preferred embodiment, the RNA
selection marker 1s the pMB1 RNAI selection marker. In
yet another preferred embodiment, the RNA selection mar-
ker 1s the IncB RNALI selection marker.

EXAMPLES

[0197] The methods of the invention are further illustrated
by the following examples. These are provided by way of
illustration and are not mtended mn any way to limit the
scope of the mvention.

Example 1: Heat Inducible R6K Replication Origin
Plasmid Production

Fermentation

[0198] Fermentations were performed usmg proprietary
fed-batch media (NTC3019, HyperGRO media) in New
Brunswick BioFlo 110 bioreactors as described (Carnes
and Williams, Supra, 2011). The seed cultures were started
from glycerol stocks or colonies and streaked onto LB med-
1um agar plates contamning 6% sucrose. The plates were
orown at 30-32° C.; cells were resuspended i media, and
used to provide approximately 0.1% moculums for the fer-
mentations that contained 0.5% sucrose to select for RINA-

OUT plasmuds.
[0199] Antibiotic-free RNA-OUT plasmid fermentations

were performed in E. cofi strain XLIBlue [recAl endAl
oyrA96 thi-1 hsdR17 supE44 relAl lac [F' proAB
laclgZAM15TnlO (Tef] (Stratagene, La Jolla, Calif.)] or
GTI115 [F—mcrA  A(mrr-hsdRMS-merBC) @801
ac/AMI15 AlacX74 recAl rspl. (StrA) endAl Adcm
uldA(AMlIul)::pir-116 ~ AsbcC-sbeD  (Invivogen,  San
Diego)| stramns containing chromosomally integrated
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pCAH63-CAT RNA-IN-SacB (P% 6/6) at the phage lambda
integration site as disclosed mn Williams, J A Supra, 2008.
SacB (Bacillus subtilis levansucrase) 1s a counterselectable
marker which 1s lethal to E. cofli cells in the presence of
sucrose. Translation of SacB from the RNA-IN-SacB tran-
script 18 1nhibited by plasmid encoded RNA-OUT. This
facilitates plasmd selection 1n the presence of sucrose, by
inhibition of SacB mediated lethality.

Analytical Methods

[0200] Culture samples were taken at key points and at
regular mtervals during all fermentations. Samples were
analyzed immediately for biomass (ODggg) and for plasmd
yield. Plasmid yield was determined by quantification of
plasmid obtained from Qiagen Spin Miniprep Kit prepara-
tions as described (Carnes and Williams, Supra, 2011).
Briefly, cells were alkaline lysed, clarified, plasmid was col-
umn purified, and eluted prior to quantification. Agarose gel
electrophoresis analysis (AGE) was performed on 0.8-1%
Tris/acetate/ EDTA (TAE) gels as described 1n Carnes and

Williams J A, Supra, 2011.

R6K Background

[0201] The RO6K gamma plasmid replication origin
requires a smgle plasmid replication protein 1t that binds as
a monomer to multiple repeated ‘i1teron’ sites (seven core
repeats containing TGAGNG consensus) and as a dimer to
repressive sites [TGAGNG (dimer repress) as well as to 1ter-
ons with reduced affinity]. Various host factors are used

including IHFE, DnaA, and primosomal assembly proteins
DnaB, DnaC, DnaG (Abhyankar et al 2003 J Biol Chem

278: 45476-45484). The R6K core origin contains binding
sites for DnaA and IHF that aftfect plasmid replication (,
IHF and DnaA 1nteract to mitiate replication).

[0202] Dafferent versions of the R6K gamma replication
origin have been utilized m various eukaryotic expression
vectors, for example pCOR vectors (Soubrier et al 1999,
Gene Therapy 6:1482) and a CpG free version 1n pCpGilree
vectors (Invivogen, San Diego Calit.), and pGM169 (Uni-
versity of Oxtord). Incorporation of the R6K replication ori-
o1n does not improve expression levels compared to an opti-
mized pUC origin vector (Soubrier et al Supra, 1999).
However, use of a conditional replication origin such as
R6K gamma that requires a specialized cell line for propa-
gation adds a safety margin since the vector will not repli-
cate 1 transterred to a patients endogenous tlora.

[0203] A highly mimmmalized R6K gamma derived repli-
cation origin that contains core sequences required for repli-
cation (including the DnaA box and stb 1-3 sites; Wu et al,
1995. J Bacteriol. 177 6338-6345), but with the upstream w
dimer repressor binding sites and downstream 7 promoter
deleted (by removing one copy of the iterons, as with
pCpG; see map below) was designed (SEQ ID NO: 1) and
NTC96835R and NTC9385R expression vectors mcorporat-
ing 1t constructed (see Example 3).

[0204] Typical R6K production strains imncorporate the w
protein derivative PIR116 that contains a P106L substitution
that increases copy number (by reducing m dimerization; n
monomers activate while m dimers repress). Fermentation
results with pCOR (Soubrier et al., Supra, 1999) and pCpG
plasmids (Hebel H L, Ca1 Y, Davies L A, Hyde S C, Pringle
I A, Gill D R. 2008. Mol Ther 16: SI 10) were low, around
100 mg/L 1n PIR116 cell lines.
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[0205] As expected, fermentation yields of the R6K
expression vector NTCI9685R-EGFP 1n R6K plasmid pro-
duction cell line NTC641642 (GT115-SacB; GT115 modi-
fied for RNA-OUT AF wvector selection by msertion of
pCAHG63-CAT RNA-IN-SacB (P% 6/6) into the genome.
The GTI115 genome encoded endogenous n gene P3 promo-
ter constitutively expresses R6K replication protein @ con-
taiming the pir-116 mutation; Metcalf et al, 1994; Gene 138;
1-7) were low (Table 1). Mutagenesis of the pir-116 replica-
tion protein and selection for increased copy number has
been used to make new production stramns. For example,
the TEX2pird42 strain contains a combination of P10O6L
and P42L. The P42L mutation interferes with DNA looping
replication repression. The TEX2pird2 cell line improved
copy number and fermentation yields with pCOR plasmids
with reported yields of 205 mg/L (Soubrier F. 2004. World
Patent Application W0O2004033664). Methods to improve
R6K origin yields are needed.

[0206] Other combinations of @ copy number mutants
have been shown to mmprove copy number. This mcludes
‘P42L and P113S’ and ‘P42L, P106L and F107S’ (Abhyan-
kar et al 2004. J Biol Chem 279:6711-6719).

[0207] Two cell lines using the endogenous & gene P3 pro-
moter to express 1 mutants ‘P42L and P113S’ (SEQ ID NO:
13) INTC640722 cell ine) and ‘P42L, P106L and F107S’
(SEQ ID NO: 14) were constructed and tested for copy num-
ber improvement with NTC9685R-EGFP. Two additional
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cell lines using the P; promoter 1n addition to the endogen-

ous 7 gene P3 promoter to express m mutants ‘P42L and
P113S” (NTC641981 cell line) and ‘P42L, PI106L and

F107S” (NTC641053 cell line) were made and tested for
copy number improvement with NTC9685R-EGFP. R6K
production cell lines were made 1 XL1-Blue SacB (XLI-
Blue attA:P% 6/6-RNAIN-SacB, CmR).

[0208] These cell lines were constructed as follows. The
R6K replication proteins m were cloned into the pINT pR pL
integration vectors as described m Luke et al Supra, 2011 40
and included herein by reference. Constructed R6K Rep
protemn vectors were imtegrated into the genome at the
HKO022 phage attachment site as described mm Luke et al,
Supra, 2011. Briefly the pINT pINT pR pL. R6K Rep vectors
were amplified by PCR to delete the R6K replication origin,
45 ligated to form a circle, and integrated mto the HK022
attachment site using the pAHO69 helper plasmid as
described.

[0209] The results (Table 1) demonstrated that constitutive
expression of ‘P42L. and P113S’ or ‘P42L, P106L and
F107S’ resulted m much higher levels of NTC9685R-
EGFP than the NTC641642 encoded P106L Rep protein.
However, constitutive expression from P3 resulted m low
overall biomass and plasmid multimenzation with P42L,
P106L and F107S (RF306, RF314), due to high plasmd
levels and resultant metabolic burden during the growth
phase

TABLE 1

2.6 kb NTC9685R-EGFP R6K Nanoplasmid fermentation yields in R6K rep cell lines

Growth

phase
temp

Ferm # Cell line Rep Gene Promoter (C.)

RF310 NTC641642 P106L Const P3 37

RF323 NTC641642 P106L Const P3 37

RF305 NTC640722 P421.-P1138  Const P3 30

RF321 NTC641981 P43L-P113§ p§, PL & 32

P3

RF346 NTC641053 P42L-P186L- P8, PL & 30
P1078 P3

RF314 NTC641083 P42L-P106L- pRPL & P3 32
P1075

RF351 NTC661135 P42L-P166L- pS8, PL only 32
F1078

RF326 NTC661138-MLT P421.-P106L- pR PL OL1 32
F107S G

RF358 NTC711055 P42L-P106L- pS§, PL OL1 32
F1078 G

RF339 NTC711231 P42L-P106L- p8 PL OLI 30
P1038§ G to 7

Induced

Growth phase Final Plasmid
spec temp Induced Final plasmud multimeri-
yield« (C)) spec yield ODgoo  vield (mg/L) zation
1.1 NA, 37 1.2 43 53
ND NA, 37 0.9 54 49 Monomer
3.4 37 3.0 96 345 Monomer
4.4-5.0 43 3.8 93 259 Monomer?
3.1 37 6.6 56 567 Monomer
2.6-4.7 472 3.1 79 558 Monomer
04 47 1.4% 858 128 Monomer
0.64 472 6.7 51 548 Monomer
1 47 5.9 118 690 Monomer
1.8 472 5.8 52 695 Monomer

NTC640321 - NTC5402-P421L.-P10L-F1078

NTCMO722 - NTCR402-P421.-P1338

NTC541083 - NTC9332-pK pL. P421L.-P302%
NTC641642 -Gt15-S32B (c1843) pl136-P106L
NTC641981 - NTC6402 p8 PL P42L.-P1338

NTC64135 - NTC34208-p8 pL P42L-P106L-P302S(P3-)
NTC661135-ML1 - NTC64208-p8 pL (pL-3) P42L-P105L-P1078 (P3-)

NTC661134 - NTC6423-pK PL P421.-P3138 (P3-)
NTC513848 - NTC54168-p8 pL (OL1-G) P42L-P108L-P1078 (P3-)
NTC311231 - NTC84208-p8 pL (OL1-G to 7) P42L-P108L-P1G7S (P3-)
ND - Not discontinued

NA - Not applicable

“Specific Yield - ms plassmd LODGO

bSome smx ground
NTC6402 - XLL181x,SwB

NTC34208 - XLL1Ble SwB, dwx
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[0210] Heat inducible versions were then made by dele-
tion of the P3 promoter to determmne 1f P; promoter
mediated replication protein induction 1n a temperature
shift improved R6K plasmid production yields and quality
by reduction of plasmid copy number and metabolic burden
during the reduced temperature growth phase. A stran
encoding a deletion of the P3 promoter expressing P42L,
P106L. and F107S (NTC661135, mcorporating a smgle
copy of the pINT pR pL R6K Rep p1 P42L-P106L-F107S
(P3-) mntegration vector; FIG. 6, SEQ ID NO: 17) con-
structed as described above dramatically reduced copy num-
ber during the reduced temperature growth phase with copy
number induction after temperature upshift (Table 1;
REF351). However, the yield (128 mg/L.) was overall lower
than with the P3 promoter (567, 538 mg/L).

[0211] However, excellent results were obtained after fer-
mentation with a second NTC661135 cell line (RF326) m
which plasmid copy number was increased 10 fold by tem-
perature shifting, resulting 1 excellent final plasmd yields
of 545 mg/L.. PCR amplification and sequencing of the
P42L., P106L and FI107S expression cassette from the
RE326 cell line (NTC661135-MUT) and the RF351 cell
lme (NTC661135) demonstrated that NTC661135-MUT
contained a mutation 1n the OL1 lambda repressor binding
site 1n the P; promoter (FIG. 7; OL1-G this 1s a single base
deletion that also reduces the distance between the P, 1 pro-
moter -35 and -10 boxes from optimal 17 bp to 16 bp).
[0212] This mutation was 1introduced nto the pINT pR pL
R6K Rep p1 P42L-P106L-F107S (P3-) integration vector by
PCR mutagenesis and a sequence verilied clone incorporat-
ing the OLI-G mutation mtegrated mto the genome
(NTC711055) as described above. Fermentation evaluation
of this cell line with the NTC9685R-EGFP plasmid (Table
1; RF358) dem-onstrated similar dramatic 6 fold heat mdu-
cible plasmid copy number induction, resulting in excellent
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[0215] Cell lines incorporating the pINT pR pLL R6K Rep
p1 P42L-P106L-F107S (P3-) mtegration vector contaiming
either the wildtype P; promoter (NTC661135, SEQ ID
NO: 10), the OLI-G mutation (NTC711055, SEQ ID NO:
11) or the OLI-G to T mutation (NTC711231, SEQ ID
NO: 12) were transformed with the NTC9385R-EGFP plas-
mid and yields i shake flask determined (Table 2). The
results demonstrated the OL1-G and OLI-G to T mutations
dramatically improve temperature inducible R6K plasmid
yields 1n shake flask culture. Improved yield with two dii-
terent R6K plasmids (NTC9385R, Table 2; NTC9685R,
Table 1) m either LB shake flask media or HyperGRO fer-
mentation media demonstrates improved temperature indu-
cible R6K plasmid 1s generic, and 1s not plasmid or growth
media specific. Thus the mvention can be utilized with a
plurality of R6K origin vectors, 1n various plasmid growth
media described 1n the art and various temperature induction
profiles.

[0216] Likewise the pINT pR pLL R6K Rep plasmids can
be integrated 1nto alternative E. coli strains to create produc-
tion hosts. Any strain that 1s acceptable for plasmid produc-
tion, such as JM108, BL21, DHS5, DHI1, DH5a, GT115,
GTI116, DH10B, EC 100, can be converted to a high yield
temperature inducible R6K plasmid production host by inte-
oration of a pINT pR pL. R6K Rep plasmid mnto the genome.
The pR pL R6K Rep expression cassette may alternatively
be removed from the pINT vector backbone and directly
integrated into the chromosome, for example, using Red

(Gam recombination cloning (for example, using the meth-
ods described 1n Datsenko and Wanner 2000 Proc Natl Acad

Sci USA 97:6640-6645). The pR pL. R6K Rep expression
cassette may alternatively be transterred to a different vector
backbone, such as integration vectors that target different
phage attachment sites, for example, those described by

Haldimann and Warmer 2001, J Bacteriol 183:6384-6393.

TABLE 2
NTCO9385R-EGFP LB media shake flask production yields in R6K production strains

Rep Gene 30° C. Spec 32° C. Spec 37° C. Spec
Cell Line Rep Gene Promoter yield? yield? yield?
NTC661135 P42L.-P106L-F107S Pr P; 1.2 2.1 0.6
NTC711055 P42L-P106L-F107S P, P; (OLI-G) 0.5 1.3 9.1
NTC711231 P42L-P106L-F107S P, P; (OL1-G 1.3 7.0 93

to T)
aSpecific yield = mg plasmd/L/OD gq

final plasmid yields of 690 mg/L. [0217] These results are surprising since the art teaches

[0213] Repressor binding to OL1 1s altered by mutations
in OL1, such as OL1-G (FIG. 7; SEQ IDNO:11) and V2

(OL1-G to T; FIG. 7; SEQ ID NO: 12; this 1s a G to T sub-
stitution that maintains the distance between the P; promo-
ter -35 and -10 boxes at the optimal 17 bp; this 1s the V2
mutation described by Bailone and Galibert, Supra, 1980).

[0214] The OLI-G to T (V2) mutation was itroduced into
the pINT pR pL R6K Rep p1 P42L-P106L-F107S (P3-) mte-
oration vector by PCR mutagenesis and a sequence verified
clone mcorporating the OLI-G mutation integrated mto the

genome as described above to create NTC711231. Fermen-
tation evaluation of this cell line with the NTC9685R-EGEP

plasmid (Table 1; RF359) demonstrated, similar to OL1G, a
dramatic 5 fold heat mducible plasmid copy number mduc-
tion, resulting 1 excellent final plasmud yields of 695 mg/L..

that P; promoter mutations 1n the OL1 binding site such as
V2 (OL1-G to T) are constitutively active due to an 1mnability
of the lambda repressor to stop expression from the P; pro-
moter (Bailone and Galibert, Supra, 1980). While not limlit-
ing the application of the mvention, 1t 1s possible that the
lambda repressor 1s able to repress the P, promoter through
binding to the OL2 and OL3 sites (FIG. 7) when the P,
promoter 18 integrated mn the genome; the lambda repressor
may not be able to bind multiple copies of the mutated P,
promoter as 1n a phage mfection.

[0218] The application of two mdependent OL 1 mutations
(OL1-G and OL1-G to T) to create cell lines for high yield
R6K plasmd production demonstrates the general utility of
P; promoters incorporating OL1 mutations to improve heat
inducible chromosomal expression of a target protem. Any
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OL1 mutation 1s contemplated for use 1n the current mven-
tion. New OL1 mutations can be defined by standard meth-
ods known 1n the art, for example error prone mutagenesis
of the OL1 region, with subsequent selection of benetficial
OL1 mutations by screening for heat mnducible taiget proten
production. The taiget protein can be a Rep protein as
described herein, or a fluorescent marker, or any target pro-
tein or RNA. Thus application of P; promoters incorporat-
ing OL1 mutations 1s contemplated generally as a platform
for improved heat inducible chromosomal expression of any
recombmant protein or RNA. This can be applied to
improve heat mmducible chromosomal expression of any
recombmant protein or RNA using either shake flask
(Table 2) or fermentation (Table 1) culture.

[0219] These cell lines may also be used to produce alter-
native R6K plasmids, such as CpGiree vectors, pCOR vec-
tors, pGM169, etc. P; promoter vectors with the OL1 muta-
tions may be used to improve expression of alternative taiget

proteins or mRNAs from the genome.
[0220] These cell lines may also be used to produce alter-

native Rep protein dependent plasmds, such as ColE2-P9
replication origin plasmids (Examples 2 and 3), ColE2
related replication origin plasmids, etc. Numerous addi-
tional Rep protein dependent plasmids known in the art
may also be produced using the cell lines of the mvention.
Many Rep protemn dependent plasmmids are described 1n del
Solar et al Supra, 1998 which 1s mcluded herein by
reference.

[0221] Heat mnducible target protein production may be
turther improved, by further mutating OL1 -G and OL1-G
to T or an alternative OL1 mutation to incorporate a muta-
tion m the P;-10 GATACT sequence to make 1t more closely
match the consensus TATAAT (-35 1s already consensus

TTGACA (FIG. 7).
[0222] Alternative temperature sensitive (ts) lambda

repressors (cl) may be substituted for the cI'Ts857 mutation
utilized 1n the pINT vectors. Multiple alternative ts lambda
repressors have been defined (for example, see Lieb M.
1979 J Virol 32:162 mcorporated herein by reference) or
new ts lambda repressors may be 1solated by screeming for
temperature sensitive ¢l function.

[0223] Alternative integration methods rather than the
described pINT pR pL integration vectors may be utilized
such as mtegration of the pR pL expression cassette into the
oenome at defined sites using Red Gam recombination clon-
ing (for example, using the methods described i Datsenko

and Wanner Supra, 2000).

Example 2: ColE2-P9 Replication Origin Plasmd
Production

[0224] Simular to plasmid R6K, the ColE2 replication ori-
oin 18 separate from the replication protein, so the ColE2
replication origin theoretically may be utilized to construct
Rep protein dependent plasmids. Here application of the
ColE2 replication origin, using ColE2-P9 as an example,
to produce ColE2 Rep protein dependent plasmids 1s
demonstrated (Example 3).

ColE2 Background

[0225] 'The ColE2 replication origin (for example, ColE2-
P9) 1s highly conserved across the ColE2-related plasmid
family (15 members are compared i Hiraga et al Supra,
1994, and 33 ColE2 related plasmid members including
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ColE3 are compared 1n Yagura et al Supra, 2006, both reter-
ences are included herein by reference). Plasmids contain-
ing this origin are normally 10 copies/cell (low copy #). For
application 1n gene therapy or DNA vaccination vectors, the
copy number of ColE2 replication origin vectors needs to be
improved dramatically.

[0226] Expression of the ColE2-P9 replication (Rep) pro-
temn 1s regulated by antisense RNA (RNAI). Copy number
mutations have been 1dentified that interfere with this regu-
lation and raise the copy number to 40/cell (Takechi et al
1994 Mol Gen Genet 244:49-56). pINT pR pL. ColE2 Rep
Protein Cell Line NTC641711:

[0227] The ColE2 Rep protein (SEQ ID NO: 15) was
expressed using the heat inducible pINT pR pL vector as
described m Example 1. The ColE2 RNAI region was
removed and replaced with an optimal kozak-ATG region.
This modification deletes the RNAI -10 promoter box. The
Rep mternal RNAI -35 box (Yasueda et al 1994 Mol Gen
Genet 244 41-48) was mutagenized (from (opposite strand)
TTGAAG to CTGAAG) to lower the consensus. A high
copy mutation 1 the Rep coding region (C139T; Nagase et
al 2008 Plasmid 59:36-44) was also incorporated.

[0228] These changes do not alter the Rep protemn amino
acid sequence (SEQ ID NO: 15).

[0229] The ColE2 Rep gene was PCR amplified from
CGSC Strain #8203 with following primers 15061101 :

(SEQ ID NO : 26) ggaacgggatccagaaggagatatacatatgag
tgccgtacttecagegettcaggga

15061102 -

(SEQ ID NO : 27) ggaacggaattcttatcattttgcgagatctygg
atcacat

[0230] The 920 bp PCR product was digested with
BamHI/ EcoRI and cloned mto BamHI/EcoRI digested
pINT pR pLL BamHI/EcoRI (3766, polylinker). Recombi-
nant clones were selected by restriction digestion and
sequence vertfied. The map of the resultant pINT pR pL
CoE2 Rep imntegration vector 1s shown 1 FIG. 8. The inte-
oration plasmid was mtegrated into NTC54208 (XL1Blue-
sacB [dem-]) to create cell line NTC641711 as described
in Example 1.

[0231] A kanR ColE2-P9 replication origin fluorescent
reporter plasmid (pDNAVACCUItra5-C2-P%.,4/6-T7RBS
EGFP) was constructed to select for copy number improv-
ing mutations. The 1067 bp pUC replication origin was
removed from the kanR pDNAVACCUItra5-P%.,4/6-
T7RBS EGFP vector (the pPDNAVACCUItra5-EGFP vector
disclosed 1 Williams J A, 2006 World patent application
WO06078979, modified to express the EGFP reporter n
E. coli utilizing the weak constitutive P%.,4/6 promoter dis-
closed 1n Lissemore J L., Jankowski J T, Thomas C B, Mas-
cott1 D P, deFlaseth P L. 2000. Biotechniques 28: 82-89 and
included herein by reference) by Nhel-Dralll digestion, and
replaced with a 132 bp ColE2-P9 replication origin (+7-
ss1A; see below). Recombinant clones were recovered 1n
cell Iime NTC641711 and the ColE2 origin confirmed by
restriction digestion and sequence venification. This demon-
strates that the ColE2-P9 Rep protein cell line NTC641711




US 2023/0242924 Al
13

can be used to select and propagate ColE2 replication origin
containing plasmids. ColE2 Rep Protein Mutagenesis,
Selection of Copy Number Increasing Mutants

Background

[0232] The ColE2 Rep protein binds as a monomer to the
ColE2 replication origin. However, Rep protein exists
mostly as a dimer 1n solution; Rep dimerization will It
the amount of active monomeric Rep which 1s hypothesized
will maintain ColE2 plasmid at a low copy number (Flan M,
Aoki K, Yagura M, Itoh T. 2007. Biochem Biophys Res
Commun 353:306). Copy number autoregulation by Rep
protein dimerization 1S a common copy number control
mechanism. Significantly, R6K Rep protein mutations such
as P106L (PIR116) utilized mn Example 1 that mterfere with
dimer formation dramatically increase copy number
(Abhyankar et al Supra, 2004). It was hypothesized that
ColE2 plasmid copy number can also be increased with a
dimerization deficient Rep mutation.

Mutagenesis

[0233] ColE2 Rep protein functional domains have been
mapped and a region responsible for dimerization defined
(FIG. 8). The dimerization region was mutagenized using
the Gen-eMorph II Random Mutagenesis Kit (Stratagene)
as described (Lanza A M, Alper El S. 2011. Methods
Molecular Biology, Vol. 765, Strain Engineering: Methods
and Protocols, Ed. J. A. Williams, Flumana Press Inc.,
Totowa, N.J. pp 253-274). The Rep gene was error prone
PCR amplified from the pINT pR pL ColE2 Rep vector
with the kit enzyme. The mutagenized dimerization domain
(359 bp BstBlI/EcoRI fragment; FIG. 8) was cloned back
into the pINT pR pL. ColE2 Rep vector replacing the non
mutagenized 359 bp BstBl/EcoRI fragment. An integrated
pINT pR pL ColE2 Rep library was then made by mass
genome mtegration without purification of the mutagemzed
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lines were verified to have improved pDNAVACCUItra5-
C2-P5/ 6,4/6-T7TRBS EGFP plasmid copy number m liquid
culture demonstrating mcreased tluorescence corresponds to
increased copy number.

[0235] The lambda repressor-P;-ColE2 Rep regions
from genomic DNA from these two cell lines were ampli-
fied by PCR and sequenced to determine the basis for
improvement. One colony had a mutation 1n the lambda
repressor which presumably reduces the activity of the
repressor leading to Rep protem overexpression. This
demonstrates that alternations to the wvector backbone
that mncrease P; promoter activity improve ColE2 plasmid
copy number. Thus ColE2 copy number, like R6K plas-
mids, will be mmproved by making a cell line with the
ColE2 Rep protein (or Rep protemn copy number improv-
ing mutations) expressed from pINT pR pL vectors mncor-
porating the lambda repressor binding site OL1 mutations
(OL1-G and OL1-G to T) identified in Example 1.
[0236] The second colony had a mutation in the Rep pro-
tein (G194D; SEQ ID NO: 16). This mutation was mtro-
duced back mto the pINT pR pL. ColE2 Rep vector to create
the pINT pR pL ColE2 Rep protein mutant (G194D) (SEQ
ID NO: 18). The mtegration plasmmd was mtegrated into
NTC54208 (XLIBlue-sacB [dem-]) to create cell line
NTC701131 as described in Example 1. ColE2 plasmid pro-
duction yields were improved mn the ColE2 Rep protein
mutant cell line NTC701131, compared to the parental
ColE2 Rep protein cell line NTC641711 i both shake
flask and fermentation culture (Table 3). This demonstrates
that the ColE2 Rep protein, like the R6K Rep protein, can be
mutagenized to create copy number improving variants.
[0237] Combining the ColE2 Rep protemn G194D mutant
with pINT pR pL vector incorporating the lambda repressor
binding site OL1 OL1 -G to T mutation identified 1n Exam-
ple 1 further 1ncreased copy number (cell line

NTC710351=NTC54208-pR pL (OL1-G to T) ColE2 rep
(G194D) and fermentation production yields (Example 3).

TABLE 3

NTC938SC-Luc plasmid performance in different processes and production cell lines?

ColB2 Plasimd LB shake flask (37 C.)

Plasmid + Shake flask (37 C)) ¢ HyperGRO fermentation

production cell line  ODygqyq mg/L Spec yield? OD¢oo mg/L Spec vield? ODgoo  mg/L Spec yield?
NTCo641711 3.4 1.4 0.4 13.0 12.3 0.93 148 61 0.4
NTC701131 34 3.1 0.9 16.6 17.9 1.1 113 110 1.0
Rep mutant 140 142 1.0

aAll plasmd preparations at harvest were high quality monomers.

bSpecific yield = mg plasmid/L/ODggq
cPlasmid + media from Thomson Instruments Company

plasmid pool into NTC54208 containing the pAF169 imte-
oration plasmid. The integrated Rep library was transtformed
with the kanR pDNAVACCUItra5-C2-P%.4/6-T7RBS
EGFP fluorescent ColE2 reporter plasmid and transtormants
plated on LB+kanamycin agar plates and grown at 37° C.
This EGFEFP reporter plasmid allows 1) visual selection of
plasmid copy number improvement using a Dark Reader
for agar plate illumination; and 2) quantitative copy number
evaluation (fluorescence 1s linear with copy number) n
liquad culture using a fluorometer (BioTek FLx800 micro-
plate fluorescence reader).

[0234] Two colonies were 1solated from 30,000 screened
cells with significantly higher colony fluorescence. Both cell

[0238] Additional rounds of mutagenesis of the wild
type Rep protein, or mutagenesis of mutant Rep protein
such as G194D may be performed to further improve
copy number. The entire Rep protein or subiragments
can be mutagenized (e.g. BamHI-EcoRIl fragment for
entire Rep protem; FIG. 8). The i1deal mutant will be
similar to the R6K Rep protein mutants ‘P42L and
PI113S’ and °‘P42L, P106L and F107S’ (Example 1)
with higher copy number at 37-42° C. (1.e. higher
levels of replication inducing monomeric Rep protein
are produced from the heat inducible Pp P; promoters)
to facilitate adaptation mnto NTC’s inducible fermenta-
tion plasmd production process as m Example 1.
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ColE2 Origin Vectors

[0239] The following vectors contaming the minimal
ColE2-P9 ongm (Yagura and Itoh 2006 Biochem Biophys
Res Commun 345:872-877) and various origin region mod-
ifications were constructed.

+7-ss1A

[0240] This combines the ColE2 origin (+7) (SEQ ID NO:
4) with ssiAtrom plasmid R6K (SEQ ID NO: 21). Thus ssiA
vectors contain, 1 addition to the ColE2-P9 origin, a down-
stream primosome assembly site. Like most plasmid origins,
the ColE2 origin contains a primosomal assembly site about
100 bp downstream of the origin (Nomura et al Supra,
1991). This site primes lagging strand DNA replication
(Masa1 et al 1990 J Biol Chem265:15124-15133) which
may mmprove plasmid copy number or plasmid quality.
The ColE2 PAS (ss1A) 1s similar to PAS-BF1 (ColE] ss1A=-
PAS-BL Marians et al 1982 J Biol Chem 257:5656-5662)
and both sites (and PAS-BH) are CpG nich OX174 type
PAS. A CpG free PAS (ssiAfrom R6K; Nomura et al
Supra, 1991; SEQ ID NO: 21) that acts as a dnaA, dnaB
dnaC (ABC) primosome on a dnaA box hairpin sequence
(Masai1 et al 1990 J Biol Chem 265:15134-15144) was
selected for inclusion m the +7-ss1A vectors. Alternative
ABC or OX174 type PAS sequences are functionally
equivalent to ss1A from R6K. and may be substituted for

ss1A 1n these ColE2 replication origin vectors.
[0241] +7-ss1A vectors were constructed by replacing the

pUC origin Nhel-Dralll region (FIG. 1) with a Nhel-Dral
compatible synthetic ss1A-+7 ColE2 origin restriction frag-
ment (FIG. 2, FIG. 4). Plasmmds were transformed 1nto
ColE2 plasmid production NTC641711. The correct ColE2
vectors were 1dentified by restriction digestion and sequence
verified.

+7 (No ss1A)

[0242] Thais deletes the ss1A sequence from +7-ss1A while
retaining the ColE2 origm (+7) (SEQ ID NO: 4). The ssiA
sequence was removed by Nhel-Miftel digestion, the sites
blunted with Klenow and the vector religated to delete the
64 bp ss1iA region. Plasmids were transformed 1nto ColE2
plasmid production host NTC641711. The correct ColE2
vector was 1dentified by restriction digestion and sequence
verified.

+7 CpG-ss1A

[0243] This combines the ColE2 replication origin (+7
CpG) (SEQ ID NO: 5) with ss1A tfrom plasmid R6K (SEQ
ID NO: 21). The single CpG 1n the ColE2 replication origin
(Table 4) was removed from the vector by site directed
mutagenesis. Plasmids were transformed mto ColE2 plas-
mid production host NTC641711. The correct ColE2 vector
was 1dentified by restriction digestion and sequence verified.
+16-ss1A:

[0244] This combines the ColE2 replication origin (+16)
(SEQ 30 ID NO:7) with ss1iA from plastmid R6K (SEQ ID
NO: 21). A 16 bp region of homology downstream of the
ColE2-P9 replication onigin 1s conserved with the ColE3
replication origin. This 16 bp region was added to the vector

by site directed mutagenesis. Plasmids were transformed
into ColE2 plasmid production host NTC641711. The cor-
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rect ColE2 vector was 1dentified by restriction digestion and
sequence verified.

Min-ss1A

[0245] This combines the ColE2 Min replication origin
(SEQ ID NO:6) with ssiA from plasmid R6K (SEQ ID
NO: 21). This 1s the mimimal 32 bp ColE2 sequence sutfi-
cient for replication defined by Yasueda et al 1989 Mol Gen
Genet 215:209) (SEQ ID NO: 28), extended by an addi-
tional 6 bp (Table 4). This vector was created by site direc-
ted mutagenesis of the +7-ss1A clone. Plasmids were trans-
formed mto ColE2 plasmid production host NTC641711.
The correct ColE2 vector was 1dentified by restriction diges-
tion and sequence verified.

[0246] The series of plasmids were transformed mto
ColE2 plasmid production host NTC701131 (Rep mutant).
The resultant cell lines were then used determine plasmid
copy number and quality (Table 4). Two different backbones
were evaluated with the +7-ss1A and +16-ss1A ColE2 repli-
cation origins to determine the effect of plasmid sequence
alterations.

[0247] The results demonstrate that the four replication
origin vanants containing the ssiA sequence [+7-ss1A;
+16-ss1A; +7 (CpG free) ss1iA; Min-ssiA| are functional 1n
NTC701131, replicating to a similar copy number (0.73-1
X). All plasmids were high quality monomer. This demon-
strates that any of these minimal ColE2 origin variants can
function as a plasmid replication origin to produce high
quality plasmad.

[0248] Yagura et al Supra, 2006 have demonstrated that
the Min ColE2 Replication origin (SEQ ID NO: 28, which
1s reverse complement of residues 7-38, mn FIG. 1 of Yagura
et al Supra, 2006) can be further deleted without eliminating
replication function. Yagura et al, Supra, 2006, demon-
strated that the core sequence 1s residues 8-35, with residues
5-36 are required for full activity. The +7 ColE2 Replication
origin (SEQ ID NO: 4; which 1s the reverse complement of
residues 0-44 m FIG. 1 of Yagura et al Supra, 2006) could
therefore be reduced to span residues 8-35 or 5-36 of FIG. 1
of Yagura et al Supra, 2006. Such vectors should replicate
similarly to the disclosed vectors. As well, a number of base
changes can be made within the core ColE2 origimn 8-34
region that do not affect ColE2 replication (see changes to
residues that retain function 1 Table 2 1n Yagura et al Supra,
2000).

[0249] A surprising observation that 1s contrary to the
teachings of Yagura et al Supra, 2006 1s that the +7(CpG
free)-ss1A ColE2 origin 1s fully functional. This origin con-
taimns a change of a G to C 1n residue 36 (FIG. 1 Yagura et al
Supra, 2006). This change 1s predicted to reduce origin
activity (Relative transformation frequency 5 fold reduced
with 36 G-C to C-G; Table 2 1n Yagura et al Supra, 2006).
This may be due to the different context in the +7(CpG
free)-ss1A ColE2 origin, or the longer origin fragment (0-
44). Regardless, the 121 bp +7(CpG free)-ss1A ColE2 origin
(SEQ ID NO 29) or +7(CpG free) ColE2 ornigm (SEQ ID
NO 5) are smaller CpG free replication origin alternatives
to the 260 bp CpG free R6K replication origins (SEQ ID
NO: 22). CpG free ColE2 origins may be utilized to con-
struct CpG free plasmid vectors, or to retrofit the replication
origin 1n existing vectors with a CpG free alternative repli-
cation origin. Combmations of a CpG free ColE2 or R6K
replication origin with a CpG free RNA-OUT selection mar-
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ker may be utilized to construct antibiotic free CpG free
plasmid vectors, or to retrofit the selection marker-replica-
tion origin region 1n existing vectors with an antibiotic free-
CpG free alternative selection marker-replication origin.

[0250] The ss1A sequence was not necessary for plasmid
replication, although removal of sstA m +7 (no ssiA)
reduced copy number to 55% of +7 (ss1A). Thus inclusion
of a primosomal assembly site 1s beneficial to ColE2 plas-

mid COpy
nu_mber.[tEXt missing or illegible when fll&d]

Example 3: NTC9382C, NTC9385C, NTC9382R,
NTCO9385R, NTCI9682C, NTCI9685C, NTCI9682R,,
and NTC9685R Vectors

[0251] A series of AF eukaryotic expression vectors 1ncor-
porating these novel ColE2-P9 derived vector origins were
made. To replace the pUC origin, the +7 (ss1A) ColE2 origin
from Example 2 was selected as well as the R6K origin
(SEQ ID NO: 1) from Example 1. The features of these vec-
tors (NTCO9382C, NTC9385C, NTCO9382R, NTCI9385R,
NTCI682C, NTC9685C, NTC9682R, and NTC9685R) are
summarized 1 Table 3.

[0252] NTC9682C, NTCI9685C (FIG. 2), NTCI9682R,
NTC9685R (FIG. 3) are antibiotic-free RNA-OUT ColE2
origin (C) or R6K origin (R) versions of the pUC origin
NTC8682, NTC8685 (FIG. 1) equivalents disclosed 1 Wil-
liams J A, Supra, 2010. These vectors contain the SV40
enhancer upstream of the CMYV enhancer, and Adenoviral
serotype 5 VA RNAI regulatory RNA (VARNALI.

[0253] NTC9382C, NTCO9385C (FIG. 4), NTC9382R,
NTCI9385R (FIG. §) are versions without the SV40 enhan-
cer or VARNALI sequences.

[0254] NTCO682C, NTCI9682R, NTC9382C, and
NTC9382R all express the secreted transgene product as
TPA fusion proteins while NTC9685C, NTC9685R,
NTCI9385C, and NTCY9385R all express the native trans-
oene product from a vector encoded ATG start codon.
[0255] 'The remainder of the vector sequences 18 1dentical
between the ditferent vectors, with the exception that the
two R vectors NTC9682R and NTC9382R (FIG. 3, FIG.
§) contain the trpA bacterial terminator, which 1s absent 1n
the two C vectors NTC9682C and NTC9382C (FIG. 2, FIG.
4).

[0256] An R6K gamma origin vector was constructed by
swappimng 1 the R6K gamma origin (SEQ ID NO: 1) mn a
Notl-Dralll R6K origin synthetic gene for the correspond-
ing Notl-Dralll pUC origin region m NTC8685. The
NTC9682R, NTC9685R NTC9382R, NTC9385R vectors

were made by standard restriction digestion mediated frag-
ment swaps. The ColE2 origin vectors were constructed 1n a
similar fashion, by swapping 1n the +7 ssiA ColE2 origin 1n
a Nhel-Dralll synthetic gene for the corresponding Nhel-
Dralll pUC origin region. The NTC9682C, NTC9685C,
NTC9382C, NTC9385C vectors were made by standard
restriction digestion mediated fragment swaps. The 466 bp
Bacterial region [Nhel site-trpA terminator-R6K Origin-
RNA-OUT-Kpnl site] for NTC9385R and NTC9685R 1s
shown m SEQ ID NO: 19. The 281 bp Bacterial region
[Nhel site-ss1iA-ColE2 Ornigin (+7)-RNA-OUT-Kpnl site]
for NTC9385C and NTC9685C 1s shown 1 SEQ ID NO:

20.
[0257] High fermentation yields in HyperGRO media are
obtained with these vectors. For example 695 mg/ml. with
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NTC9685R-EGFP m R6K production cell line NTC711231
(Table 1) and 672 mg/L. with NTC9385C-EGFEFP 1 ColE2
production cell line NTC710351.

[0258] These are just a few possible nonlimiting vector
configurations. Many alternative vector configurations
incorporating the novel R6K or ColE2 origin vector modifi-
cations may also be made, including but not limited to vec-
tors with alternative selection markers, alternative promo-
ters, alternative terminators, and different orientations of
the various vector-encoded elements or alternative R6K or
ColE2 origins as described m Examples 1 and 2.

TABLE 5

NTCO382C, NTCO9385C, NTCO9382R, NTCO9385R, NTC9652C,
NTC9685C, NTCO9682KR, and NTC9685R vectors

VA RNAI  SV40 Transgene
Vector Ornigin presence enhancer targeting
NTC93R2C ColE2-P9 No No Secretion
(TPA)
NTC9382R R6K No No Secretion
(TPA)
NTCo682C ColE2-P9  Yes Yes Secretion
(TPA)
NTCO9682R R6K Yes Yes Secretion
(TPA)
NTC9385C ColE2-P9 No No Native
(SEQ ID NO: §) R6K No No Native
NTC9385R
(SEQ ID NO: 2} ColE2-P9 Yes Yes Native
NTC9685C
(SEQ ID NO: 9) R6K Yes Yes Native
NTC9685R

(SEQ ID NO: 3)

An example strategy for cloning mto these vectors 1s out-
lined below.

GTCGACATG——-—————— Gene of 1nterest—----Stop codon
@
—————— AGATCT
@

@ indicates text missing or 1llegible when filled

[0259] For the NTC9385C, NTC9685C, NTC93835R, and
NTC9685R vectors, the ATG start codon (double under-
lined) 1s immediately preceded by a unique Sall site. The
Sall site 1s an effective Kozak sequence for translational
mitiation. In NTC9382C, NTC9682C, NTC9382R, and
NTC9682R, the Sall site 1s downstream 1n frame with the
optimized TPA secretion sequence (SEQ ID NO: 25). The
TEA ATG start codon 1s double underlined and the Sall site
single underlied.

SEQ ID NQO: 25:
atggatgcaatgaagagagggctctgctgtgtgectgectgectgtgtggag
cagtctt cgtttcgcccagcecggtaccggatccecgtcgac

TPA secretlon sequence

[0260] For precise cloning, genes are copied by PCR
amplification from clones, cDNA, or genomic DNA using
primers with Sail (5" end) and BglII (3" end) sites. Alterna-
tively, genes are synthesized chemically to be compatible
with the umique Sall/BglII cloning sites 1n these vectors.
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[0261] For NTCO9385C, NTC9685C, NTC9385R, and
NTC9685R, the start codon ATG may immediately follow
the Sall site (GTCGACATG) since the Sall site 1s a high
function Kozak sequence. For all vectors one or two stop
codons (preferably TAA or TGA) may be included after
the open reading frame, prior to the Bglll site. A PCR pro-
duct or synthetic gene designed for NTC93835C,
NTC9685C, NTCO9385R, and NTCY9685R 1s compatible
with, and can also be cloned 1nto, the NTC9382C,

NTC9682C, NTC9382R, and NTC9682R vectors.
[0262] EGIFP and muSEAP transgene  versions

NTCO9385C, NTC9685C, NTCI9385R, and NTC9685R
were constructed by standard restriction fragment swaps.
The muSEAP gene 1s secreted using 1ts endogenous secre-
tion signal, while EGFP 1s cell associated. Expression levels
in vitro were determined using EGFP, while expression
levels 1 vivo were determined using muSEAP Expression
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Webster mice (6 to 8 weeks old) followed by Ichor TriGnid
electroporation. SEAP levels 1in serum were determined
using the Phospha-light SEAP Reporter Gene Assay System
from Applied Biosystems (Foster City, Calif.) according to
the manufacturer’s mstructions. The results are summarized
in FIG. 10 and Table 6.

[0266] The NTC9385C, NTC9685C, NTC9385R, and
NTC9685R vectors had similar expression to the parent
NTC8685 vector in vitro, and higher expression than the
oWIZ comparator (FIG. 9). Thus substitution of the R6K
or ColE2 replication origin for the pUC origin was not detri-
mental for eukaryotic cell expression. However, surpris-
ingly, i vivo expression was dramatically improved com-
pared to NTC8685 or gWIZ with the ColE2 and R6K origin
vectors (FIG. 10). For example the NTC9385C vector was
unexpectedly improved 1.5 to 3.8x that of NTC8385 (Table
6) or NTC8685 (not shown) after IM delivery with EP

TABLE 6

oWIZ and NTC9385C Nanoplasmid expression compared to NTC8685

% NTC8685

Yo NTCE685 % NTCE685 expression T % NTCR685

expression T expression T =28 days expression T
Plasmid % NTCB685 expression 1n vitro? =7 day BALB/c? =7 days ND4?% BALB/c? =28 days ND42%
oWIZ 58 59 57 21 57
NTCS8385 NA NA 101 NA 101
NTC9385C 92 377 349 150 233
Minicirclec NA 89 NA 40 NA

¢ 100 ng/well BGFP transgene vectors transfected with hipofectamine into HEK293 cells

b murine SEAP (muSEAP) transgene vectors in §-10 week old BALB/c ND4 Swiss Webster female mice. 5 nug dose
with EP mtramuscular into one anterior muscle followded by Labor TriGnd electroporation. 25 ulL dose for ND4

mice, 30 uL. dose gor BALB/c.

¢ Mimicircle equivalent to NTC9385C or NTC9385R, with Nbel-Kpal region containing the replication origin and
RNA-OUT selection marker (bacteral region) removed from NTC8385-muSEAP by Spel/Nbel digestion, gel
purification of the enkaryotic region 1n vitro ligation and superceiling with DNA gyrase. The Spel site 1s the same site
used to truncate the CMV promoter to make NTC8685 and the NTC9385C muSEAP vector so the minicircle
cukaryotic region 1s the same as NTC9385C-muSEAP, the difference being the C2 and RNA-OUT region mcluding

the Kpal site 1s deleted 1in the minicircle. NA = Not assayed

levels were compared to the NTC8685 parent vector, the

oWIZ vector, and a mimicircle comparator.
[0263] Adherent HEK293 (human embryonic kidney),

A549 (human lung carcinoma), cell lines were obtained
from the Amencan Type Culture Collection (Manassas,
Va., USA). Cell lines were propagated 1n Dulbecco’s mod-
ified Eagle’s medium/F12 contamning 10% fetal bovine
serum and split (0.25% trypsin-EDTA) using Invitrogen
(Carlsbad, Calif., USA) reagents and conventional meth-
odologies. For trans-fections, cells were plated on 24-well
tissue culture dishes, plasmids were transiected mto cell
lmmes using Lipo-fectamine 2000 following the manufac-
turer’s mstructions (Invitrogen).

[0264] Total cellular lysates for EGFP determination were
prepared by resuspending cells m cell lysis butfer (BD Bios-
ciences Pharmingen, San Diego, Calif., USA), lysing cells
by mcubating for 30 min at 37° C., followed by a Ireeze-
thaw cycle at -80° C. Lysed cells were clarified by centrifu-
gation and the supernatants assayed for EGFP by FLLX800
microplate fluorescence reader (Bio-Tek, Winooski, Vt.,
USA). The results are summarized in FIG. 9 and Table 6.
[0265] Groups of five mice were mjected with plasmid
DNA 1 an IACUC-approved study. Five micrograms of
muSEAP plasmid i 25 or 50 uL. of phosphate-butfered sal-
ine (PBS) was mjected mtramuscularly (IM) mto a tibialis
cranialis muscles of female BALB/c mice or ND4 Swiss

[0267] This improved 1n vivo expression was not speciiic
to the CMYV promoter. Versions of NTC8685-muSEAP and
NTC9385C-muSEAP were constructed 1n which the murine
creatine kinase (MCK) promoter (3 copies of the MCK
Enhancer upstream of the MCK promoter and 50 bp of the
MCK exon 1 leader sequence; Wang B, L1 J, Fu F H, Chen
C, Zhu X, Zhou L, hang X, Xiao X. 2008. Gene Ther
15:1489) was substituted for the CMV promoter. The
swaps replaced the entire CMYV enhancer CMV promoter-
exon | leader (NTC8685: from a Xbal site immediately
after the SV40 enhancer to a Sacll site in the CMV derived
exon 1 leader sequence FIG. 1; NTC9385C: from the Kpnl
site to a Sacll site 1n the CMV dernived exon 1 leader
sequence FIG. 4) with the MCK enhancer, MCK promo-
ter-exon 1 leader retaiming the HTLV-I R portion of exon
1. Punfied plastmd DNA from the resultant vectors,
NTC8685-MCK-muSEAP (4847 bp) and NTC9385C-
MCK-muSEAP (3203 bp), was mjected IM 1nto one anterior
tibialis muscle of 8-10 week old BALB/¢ female mice (5
mice/group), 5 ug dose 1n S0 L., followed by Ichor TriGnd
clectroporation as described m Table 6. SEAP levels
serum was determined on day 28 (1=28) post delivery.
The NTC9385C-MCK-muSEAP vector (98.4+55.8) had
4.5x higher average expression than NTC8685-muSEAP
(22.0£10.9). All 5 NTC9385C-MCK-muSEAP 1njected
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mice had higher muSEAP levels than any of the NTC8685-
muSEAP mice. This demonstrates that improved 1in vivo
expression with the Nanoplasmid vectors of the mvention

1S not specific to the CMV promoter.
[0268] While the basis for expression improvement 1s

unknown, 1t 1s not simply due to the size difference between
the parent pUC origin vectors and the modified R6K origin-
RNA selection marker or ColE2 origin-RNA selection mar-
ker vectors of the invention, since expression was not
improved with a minicircle comparator vector that contains
no bacterial region (Table 6). This demonstrates improved
vivo expression with the R6K origin-RNA selection marker
or ColE2 onigin-RNA selection marker vectors 1s not the
result of simple elimination of a threshold amount of bacter-
1al region sequences.

[0269] Reduction of the vector spacer region size as
described herem by replacement of the spacer region repli-
cation origin and selection marker with the R6K, ColE2 ori-
o1in-RNA selection marker vectors of the invention will also
increase the duration of m vivo expression since expression
duration 1s improved with plasmid vectors 1n which the bac-
terial region 1s removed (mnicircle) or replaced with a
spacer region of up to at least 500 bp (Lu J, Zhang F, Xu
S, Fire AZ,Kay M A. 2012. Mol Ther. 20:2111-9). Thus the
replicative manicircle vectors of the invention also have
additional utility for applications requiring extended dura-
tion expression, such as: liver gene therapy using hydrody-
namic delivery with transgenes such as a-1 antitrypsin
(AAT) tor AAT deficiency, Coagulation Factor VIII for
Hemophilia A Therapy or Coagulation Factor IX for Hemo-
philia B Therapy etc: lung gene therapy with transgenes
such as Cystic fibrosis transmembrane conductance regula-
tor 30 (CFTR) for cystic fibrosis etc; muscle gene therapy
with transgenes such as the GNE gene for Hereditary inclu-
sion body myopathies (HIBM), or dystrophin or dystrophin
minigenes for duchenne muscular dystrophy (DMD).

Example 4: Spacer Region and Intron Modified
Nanoplasmid Vectors

[0270] NTC8685 (SR=1465 bp) has much lower expres-
ston than NTC9383R (SR=466 bp) and NTC9385C
(SR=281 bp). A mmimal pUC origin vector was constructed
with an 866 bp spacer region (NTC8385-Min; contains
Pml,, mmimal pUC origin-RNA-OUT). These vectors
were tested for expression in vitro (lipofectamine 2000
delivery) and 1n vivo after intradermal electroporation deliv-
ery. As with Intramuscular injection (Example 3), the results
(Table 7) demonstrated ColE2 and R6K origin vector dra-
matically improved 1n vivo expression after itradermal
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delivery compared to NTC8685. For example the

NTCO9385C vector was unexpectedly improved 2.7 to 3.1x
compared to NTC8685 while the NTC9385R vector was

unexpectedly improved 5.3 to 6.3x that of NTC8685
(Table 7). The 866 bp mimimal pUC origin vector also
improved expression to 1.4-1.9x that of NTC8685. This
demonstrates mmproved 1 vivo expression with the
NTC9385C and NTC9385KR vectors 1s not limited to muscle
tissue, and 1s observed also after intradermal delivery. Inclu-
sion of the C2x4 eukaryotic transcription terminator 1 the
NTC9385C vector further improved 1 vivo expression to
2.9 to 4.1x compared to NTC8685. This demonstrates
improved m vivo expression with Nanoplasmid vectors
may be obtamed with alternative/additional sequences

flanking the bacterial region.
[0271] A NTCO9383R derivative was made m which the

RNA-OUT antibiotic free marker was transferred to the
intron (NTC9385Ra-02 SEQ ID NO: 39; RNA-OUT SEQ
ID NO:23) mserted nto the unique Hpal site in the mtron
(SEQ ID NO: 30). This vector encodes the R6K replication
origin 1n the spacer region (SR=306 bp). To determine spli-
cing accuracy NTC9385Ra-02-EGFP was transfected mto
the A549 cell Iine and cytoplasmic RNA 1solated. The
RNAwas reverse transcribed using an EGFP specific primer,
and PCR amplified using Exon 1 and Exon 2 specific pri-
mers. The resultant PCR product (a single band) was deter-
mined by 5 sequencing to be the correct spliced exonl
-exon2 fragment. This demonstrated that mtronic RNA-
OUT 1s accurately removed by splicing and does not inter-
fere with splicing accuracy. NTC9385Ra-02-EGEFP also
demonstrated 1mproved 1n vivo expression compared to
NTC8685 (Table to 7: 1.6-3.5x). This demonstrates that
Nanoplasmid vectors with improved expression of the cur-
rent mvention may encode the RNA selection marker 1n the
intron rather than the spacer region.

[0272] The mmproved expression level after imtradermal
delivery demonstrates the application of Nanoplasmid vec-
tors of the mvention for cutancous gene therapy applica-
tions, for example, for wound healing, bums, diabetic foot
ulcer, or critical limb 1schemua therapies using growth fac-
tors such as hypoxia mmducible factor, hypoxia inducible fac-
tor la, keratinocyte growth factor, vascular endothelial
orowth factor (VEGF), fibroblast growth tfactor-1 (FGF-1,
or acidic FGF), FGF-2 (also known as basic FGF), FGF-4,
placental growth factor (P1GF), angiotensin-1 (Ang-1),
hepatic growth factor (HGF), Developmentally Regulated
Endothehal Locus 25 (Del-1), stromal cell derived factor-1
(SDF-1), etc.

TABLE 7

SR vector expression 1n vitro and in vivo

muSEAP Vector? SR SR (bp) Intron¢ AS549 (A,os)?
NTC8685 [-Val- 1465 HR- 0.240 = 0.029 (1.0x)
BH-
A@—}
NTCS8385-Min@ AD_, 866 HR- 3 0.495 + 0.027 (1.0x)
NTCO385R (SEQ ID T «R- 466 HR- 0.604 + 0.04 (1.0x)
NTCO385C (SEQ ID  «C- 281 HR-P3 0.267 £ 0.053 (1.1x)
NO: 8) AD_,

HEK-293 ID + EPe (pg/ ID + EPD (pg/ 1D+ EPe (pg/mlL)

(Asgs)? mL) T = 4 mL) T =7 T =14

3.002 + 0.188 19+12 6.7+4.1 (1.0x) 5.0+3.9 (1.0x)
(1.0x} (1.0x)

2713 + 0.177 37 +27 124 +8.1(1.0x) 7.1+52(1.0x)
(1.0x) (1.0x)

3036 +0169 13.0+74(10 355+31.1(1.0 299+234(1.0
(1.0x) X) X) X)

2720 £ 0238 58+30(3.1 208+96(3.1x) 13.5+98 (2.7x)
(0.9x) X)
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TABLE 7-continued

SR vector expression 1n vitro and 1n vivo

HEK-293  ID + EPe (pg/ ID + EP® (pg/ ID + EP¢ (pg/mlL)
muSEAP Vector? SR SR (bp) Intron¢ A549 (As0s)? (Asos5)? mL) T =4 mL) T =7 T =14
NTC9385C (2x4 (- 281 HR- B 0214 + 0.017 (0.89x) 2472 £0197 56+23(29 27.7+203 (4.1 16.0+14.3 (3.2x)

AD_ (0.82x) X) X)
NTC9385R a-02 (SEQ T<R 306 HR-«AF- f 0.524 + 0.071 (2.2%) 3.065+ 0220  36+28  234+165(35 7.8+80(1.6%)
D NO: 39) (1.0x) (1.9x) x)
(D
216
@
10
(D

@ indicates text missing or illegible when filed

Example 5: RNA Pol III Nanoplasmid Vectors

[0273] An example Nanoplasmid vector for RNA Pol I
directed expression of RNA 1s shown in FIG. 11. This vector
contains the human H1 RNA Pol III promoter, but an alter-
native promoter such as the murine U6 promoter can be sub-
stituted. This example vector expresses a 22 bp shRNA tar-
oget RNA, but alternative RNAs may be expressed, including
shorter or longer shRNAs, microRNAs, aptamer RNAs,
hairpin RNAs, etc. This example vector 1s very small, with
a monomer size of 442 bp. Small si1ze 15 advantageous, since
vectors <1.2 kb are highly resistant to shear forces used with

gene therapy delivery formulation (Catanese et al 2012.
Gene Ther 19:94-100).
[0274] RNA Pol III Nanoplasmid vectors were made by

standard restriction digestion mediated fragment swaps to
combine either U6 or HI RNA Pol III promoter-target
RNA-TTTTTT terminator (Eukaryotic region) with either
the 466 bp Bacterial region [Nhel site-trpA terminator-
R6K Orngin-RNA-OUT-Kpnl site; SEQ ID NO: 19] for
NTC9385R-U6 and NTC9385RE-U6 vectors (Table 8) or
the 281 bp Bactenal region [Nhel site-ss1iA-ColE2 Origin
(+7)-RNA-OUT-Kpnl site; SEQ ID NO: 20] f{for
NTC9385C-U6 and NTC9385CE-U6 vectors (Table ).
Versions were modified to express from the U6 promoter
¢cRNAIS, a single stranded RNA the expression of which
can be quantified by Reverse transcriptase dependent R1T-
PCR. Vector performance (U6 promoter mediated eRNAI1S

RNA expression) was determined 1n total RNA extracted
from HEK293 at either 25 or 48 hrs after lipofectamine
2000 mediated transtection as described (Luke J, Stmon G
G, Soderholm J, Errett J S, August J T, Gale M Jr, Flodgson
C P, Wilhams T A. 2011. J Virol. 85:1370). These results
(Table 9) demonstrate Nanoplasmid RNA Pol III vectors
direct dramatically improved RNA expression relative to a

plasmud RNA Pol III vector (NTC7485-U6-eRNAIS)
comparator.

[0275] Random 22 bp shRNA (KP2FI11) versions of
NTCO9385CE-U6 (903 bp NTC9385CE-U6-KP2F11
shRNA propagated in ColE2 rep cell line NTC710351)
and NTCO9385R-U6 (855 bp NTC9385R-U6-KP2F11
shRNA propagated i R6K rep cell line NTC711231) were
fermented 1 FlyperGRO media as described in Example 1
except fermentation and cultures for inoculations were
orown at 37° C. throughout. Final yields were 149 mg/L
(NTCO385CE-U6-KP2F11) and 216 mg/LL. (NTC93835R-
U6- KP2F11 shRNA). This demonstrates that Nanoplasmid
vectors for RNA Pol III expression (and RNA Pol II; Exam-
ple 3) have superior manufacturing simplicity and yield
com-pared to shRNA expressing minicircle vectors (Zhao
et al 2011. Gene Ther 18:220-224). For example, optimal
manu-facture of minicircle vectors yields only 5 mg of mini-
circle per liter culture (Kay M A, He C Y, Chen 7 Y. 2010.
Nat 5 Biotechnol 28:1287-1289).

TABLE 8

RNA Pol III Nanoplasmid vector expression

Vector Pol II Enhancer Size (bp)
NTC9385R-EGEP None NA
(negative control)

NTCR885MP-U6- SV40 1578¢
cRNA1S

NTC9385RE-U6- SV40 1178
eRNA1S

NTC9385R-Ub- None 0454
eRNA1S

NTC9385CE-Uob- SV40 993
eRNA1S

NTC9385C-Ub- None 760¢
eRNA1S

NTC7485-U6- SV40 2978
eRNA1S

Transfection 2: RINA 1solated
25 hr post transfection

Transfection 1: RNA 1solated
48 hr post transfection

HEK pg
HEK pg RNA/ RNA/100 ng
100 ng mRNA¢« HEK Std? mRNA¢« HEK Std?
0.0 +£90.0 0%
62.2 £ 5.9 (1.3x) 69%
119.1 £13.9 (2.5x) 98%
123.7 = 8.0 (2.6x) 82%
1190 £13.9 (2.5x) 83%
131.1£10.5(2.7x) 70% 573+ 26 127%
(5.0x)
480 £ 1.3 (Ix 100% 11.5+£1.5 100% (control})
control) (100% (1x)
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TABLE S-continued
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RNA Pol III Nanoplasmid vector expression

Transfection 1: RNA 1sclated
48 hr post transfection

Transfection 2: RNA 1solated
25 hr post transtection

Vector Pol II Enhancer S1ze (bp)

HEK pg RNA/
100 ng mRNA“

HEK pg
RNA/100 ng
HEK Std? mRNA¢? HEK Std?
control)

pg eRNA1S target/100 ng total RNA 1solated post-transiection.

bStandarized mU6 expression compared to NTC7485-U6 shRNA eRNA18 vector (C) =

(bp)/2978 x 100%
‘Pmin minimal pUC origin (SEQ

) NO: 42) and RNA-OUT (bactenial region = SEQ

test vector average pg RNA X test vector size

) NO: 43) with SV40) is 1035 bp

dR6K origin and RNA-OUT (bactenial region = SEQ ID NO: 19}. HI promoter version {with shRNA} 1s 635 bp

¢C2 origin and RNA-OUT (bacteria region = SEQ ID NO: 20).

Example 6: Alternative RNA Selection Marker
Nanoplasmid Vectors

[0276] Expression of Nanoplasmid vectors encoding
RNA-OUT 1n the mtron (both orientations of RNA-OUT
SEQ ID NO: 23 nserted mnto the unique Hpal site 1n the
intron SEQ ID NO: 30; NTC9385Ra-01 dual and
NTC9385Ra-02 dual) demonstrated robust expression with
RNA-OUT 1n either orientation 1n the mtron (Table 9). Con-
sistent with this, smmilarly high levels of expression are
obtamned with NTC9385Ra-01 (SEQ ID NO: 40) and
NTC9385Ra-02 (SEQ ID NO: 39) which have opposite
orientations of imntromic RNA-OUT marker and the R6K ori-
oin m the spacer region. Nanoplasmmd variants with the
pMBI antisense RNA RNAI (SEQ ID NO: 31) with promo-
ter and termnator region (RNAI selectable marker: SEQ ID
NO: 32 flanked by Dralll-Kpnl restriction sites for cloning
as described previously for RNA-OUT) substituted for
RNA-OUT were constructed and tested for expression to
determine 1f alternative selection markers may be utilized
in place of RNA-OUT. The results (Table 9) demonstrate
alternative RINA selection markers may be substituted for
RNA-OUT. Substitution of 60 RNAI for RNA-OUT 1n the
vector backbone (NTC9385Ra- RNAI-O1) or m the intron
in  either  onentation  (NTC9385R-RNAI-O1  and
NTCI9385R-RNAI-O2) did not reduce expression relative
to the corresponding RNA-OUT construct. To determine
splicing accuracy, NTC9385R-RNAI-OI-EGFP and
NTCO9385R-RNAI-O2-EGFP were transiected into the
A549 cell ine and cytoplasmic RNA 1solated from trans-
fected HEK293 and A549 cells using the protein and RNA
1solation system (PARIS kit, Ambion, Austin Tex.) and
quantified by A,go. Samples were DNase treated (DNA-
free DNase; Ambion, Austin Tex.) prior to reverse transcrip-
tion using the Agpath-ID One step RT-PCR kit (Ambion,
Austin Tex.) with a EGFP transgene specific complemen-
tary strand primer. Intron splicing was determined by PCR
amplification of the reverse transcribed cytoplasmic RNA
with the exon 1 and exon 2 specific primers. The resultant
PCR product (a simngle band 1n each case) was determined by
sequencing to be the correct spliced exonl-exon2 fragment.

HI promoter version (with shRINA) 1s 442 bp (FIG. 11)

This demonstrated that, like mtronic RNA-OUT, intronic
RNAT n either orientation 1s accurately removed by splicing
and does not interfere with splicing accuracy. This demon-
strates that alternative RNA based selection markers could
be substituted for RNA-OUT 1n the spacer region or the
intron and that pMB 1 RNAI 1s a preferred RNA based
selection marker.

[0277] The RNALI transcription unmit (SEQ ID NO: 32) may
be substituted for the RNA-OUT selection marker (SEQ ID
NO: 23) 1n any of the constructs described i Examples 1-6.
Alternatively, the 108 bp RNAI antisense repressor RNA
(SEQ ID NO: 31) may be substituted for the 70 bp RINA-
OUT antisense repressor RNA (SEQ ID NO: 24) retaining
the flanking RNA-OUT transcription control sequences 1n
any ol the constructs described mm Examples 1-6. RNAI
regulated vectors may be grown in RNAII-SacB regulated
cell lines further expressing, as required, ROK, ColE2-P9, or
ColE2 related rep protemn. RNAII-SacB regulated cell lines
may be made replacing the RNA-IN sequence 1n pCAHG3-
CAT RNA-IN-SacB (P% 6/6) with a RNAII taiget sequence
as described 1n Williams, J A Supra, 2008 mcluded herein
by reterence. Alternatively, RNAI regulated vectors may be
orown 1n any of the RNAII regulated chromosomal selec-
tron marker cell lines disclosed 1n Grabherr and, Plaffenzel-
ler Supra, 2006; Cranenburgh Supra, 2009. These cell lines
would be modified for expression, as required, of R6K,
ColE2-P9, or ColE2 related rep protein.

[0278] Another preferred RNA based selection marker,
IncB plasmid RNAI (SEQ ID NO: 33; SEQ ID NO: 34), 1s
shown 1n FIG. 12. A cell line for antibiotic free sucrose
selection of IncB RNAI expressing plasmid vectors 1s cre-
ated by modi-fication of the genomically expressed RNA-
IN-SacB cell lines for RNA-OUT plasmid propagation dis-
closed in Williams, J A Supra, 2008 by replacement of the
68 bp RNA-IN regulator in a PstI-Maml restriction frag-
ment with a 362 bp Pstl-Maml IncB RNAII regulator
(SEQ ID NO: 35). Alternatively, RNA-OUT may be substi-
tuted with one of the many RINA based selection markers
know 1n the art.

TABLE 9

High level expression 1s explained with pMBI RNAT or RNA-OUT universe RNA vectors

Vector Spacer

(EGEFP) region4 SR (bp) Intron¢

NTC8685 T-VAI-BH- 1465 HR- B«
P-AF-SV40

NTC8385 T-P,,;-AF- 866 HR- f¢

0.85 kb)4 BB

A549 FU? (T = 48 hr mean + HEK?293 FU? (T = 48 hr mean +
SD) SD)

8546 = 1163 (1.0x) 62068 = 1760 (1.0x)

0364 + 966 (1.10x) 31482 + 1822 (0.51x)
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TABLE 9-continued

High level expression 1s explained with pMBI RNAI or RNA-OUT universe RNA vectors

Vector Spacer

(EGEFP) region4 SR (bp) Intron¢
NTC9385C «C - AF— 281 HR- j3¢
(SEQ ID

NO: 8)

NTC9385R <R - AF— 466 HR- p=
(SEQ ID

NO: 2)

NTC9385R- <R 306 HR < AF - B
n-02 (SEQ

[D NO: 39)

NTC9385R- <R -AF— 466 HR-AF— f3
a-01 dual

NTC9385R- <R -AF— 466 HR-<—AF- B
a-02 dual

NTC93853R- <«RRNAI— 488 HR-AF— [3
a-RNAI-O1

NTC9385R- <«R-AF— 466 HR<— RNAI - B
RNAI-O1

NTC9385R- <R -AF — 466 HR - RNAI — B
RNAI-O2

A549 FU? (T = 48 hr mean + HEK?293 FU? (T = 48 hr mean +
SD) SD)

860 = 382 (1.04x) 3.3356 +£1489 (0.54x)

16237 + 2520 (1.90x) 55919 + 6371 (0.90x)

14510 + 835 (1.70x) 49526 + 2179 (0.50x)

13929 £ 129 (1.63x) 56552 + 2714 (0.91x)

12543 + 245 (1.47x) 54379 + 1244 (0.89x)
15773 + 238 (1.85x) 55468 + 6619 (0.89x)
14296 + 287 (1.67x) 60630 + 2176 (0.98x)

12271 + 466 (1.44x) 6069 + 6482 (0.98x)

¢ rPa term = TMS-M =HR.: B globin I’ accptor side ¢: RNA-OUT sucrose reaction maker = AF: pHC region RINAI variance RNA =RNAI (. p) /( ongin =

R: CoE2 ongin = C; BH = PAS-BH VP = upstrream pUC plasmmd derived DNA

> EGFP plasmid DNA transfected with Lipofectmine 2000. Fluorescence nids (FU) reported Mese FU standardized m NTCR685

¢ HR p irdron 1s 225 bp

d Pmin minimal pUC origin (SEQ ID NO: 42} abd RNA-OUT (bacterial region = SEQ 1D NO: 43)

[0279] Thus, the reader will see that the improved expres-
sion vectors of the mvention provide for a rational approach

to improve plasmid expression.
[0280] While the above description contains many exam-

ples, so these should not be construed as limitations on the
scope of the mvention, but rather should be viewed as an
exempli-fication of preferred embodiments thereof. Many
other vanations are possible. For example, the RNA-OUT
selectable marker may be substituted with an alternative
RNA-OUT sequence variant that functionally binds RNA-
IN to repress expression, for example, a CpG free RNA-
OUT (SEQ ID NO: 36). A CpG free ROK-RNA-OUT bac-
terial region (SEQ ID NO: 37) or CpG free ColE2-RNA-
OUT bactenal region (SEQ ID NO: 38) may be utilized.
Likewise, the RNA-OUT promoter and/or terminator could
be substituted with an alternative promoter and/or termina-
tor. Likewise, the ColE2-P9 or R6K replication origin may
be substituted with a ColE2 related replication origin, and
propagated 1n a strain expressing the ColE2 related replica-
tion onigm replication protein. Likewise, the ColE2-P9 or
R6K origin may be substituted with an origin from one of
the numerous additional Rep protemn dependent plasmids
that are know 1n the art, for example the Rep protein depen-
dent plasmids described 1 del Solar et al Supra, 1998 which
1s included herein by reference. Likewise, the vectors may
encode a diversity of transgenes ditferent from the examples
provided herein, for example, antigen genes for a variety of
pathogens, or therapeutic genes such as hypoxia inducible
factor, keratinocyte growth factor, tactor IX, factor VIII, etc,
or RNA genes such as microRINAs or shRNA. to Likewise,
the eukaryotic region may express RNA from a RNA Pol I
promoter as described herein. The orientation of the various
vector-encoded elements may be changed relative to each
other. The vectors may optionally contamn additional func-
tionalities, such as nuclear localizing sequences, and/or

SEQURNCE LISTING

Sequence total guantity: 44

immunostimulatory RNA elements as disclosed in Wil-
lhams, Supra, 2008. The vectors may include a boundary
clement between the bacterial region and the eukaryotic
region, for example, the CMYV promoter boundary element
upstream of the CMYV enhancer (or heterologous promoter
enhancer) may be mcluded 1n the vector design (e.g.
NTCO93835R-BE; SEQ ID NO: 41). The vectors may include
a eukaryotic transcriptional termiator between the bacterial
region and the eukaryotic region, for example, the 4xC2 ter-
minator or the gastrin terminator. Likewise, the vectors may
utilize a diversity of RNA Pol II promoters different from
the CMYV promoter examples provided herein, for example,
constitutive promoters such as the elongation factor 1 (EF1)
promoter, the chicken B-actin promoter, the B-actin promo-
ter from other species, the elongation factor-1a (EF1a) pro-
moter, the phosphoglycerokinase (PGK) promoter, the Rous
sarcoma virus (RSV) promoter, the human serum albumin
(SA) promoter, the o-1 antitrypsimn (AAT) promoter, the
thyroxine binding globulin (TBG) promoter, the cytochrome
P450 2E1 (CYP2EL) promoter, ¢tc. The vectors may also
utilize combination promoters such as the chicken B-actin/
CMYV enhancer (CAG) promoter, the human or murine
CMV-denved enhancer elements combined with the elonga-
tion factor la (EF1a) promoters, CpG free versions of the
human or murine CMV-derived enhancer elements com-
bined with the elongation factor la (EFla) promoters, the
albumin promoter combined with an a-feto- protein MERII
enhancer, etc, or the diversity of tissue specific or inducible
promoters know 1 the art such as the muscle specific pro-
moters muscle creatine kinase (MCK), and C5-12 described
herein or the lhver-specific promoter apolipoprotemn A-I
(ApoAl).

[0281] Accordingly, the scope of the mvention should be
determuned not by the embodiments illustrated, but by the
appended claims.
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Sk 1D NO:
FEATURE
source

1

misc feature

SEQ ID NO:
ggcttgttgt
ttcttataaa
gttcaaacat
ttagtacgtt
gagagcttag

SkQ 1D NO:
FEATURE
source

1

ccacaaccgt
acttaaaacc
gagagcttag
agccatgadgg
tacgtactat

2

misc_feature

SEQ ID NO:
ccgcecctaatg
ttaaaagcct
gttgctgatt
agcttagtac
catgagagct
ctgatccacg
cttgttgtct
taccttaact
taatcaatta
acggtaaatg
acgtatgttc
ttacggtaaa
attgacgtca
gactttccta
ttttggcagt
caccccattg
tgtcgtaaca
tatataagca
tttgacctcc
acgcgcccgc
tccecgectgt
Jgagaccdgygdco
gctttgectyg
aaactggtct
ccctgggcett
aaaccgtcgt
cttgagcatc
aattttttgt

okQ 1ID NO:
FEATURE
source

i

agcgggettt
tatatattct
tatattaatt
gttagccatg
tagtacgtta
Cttgtggtaga
gattattgat
Ctaatgatttt
cggggtcatt
gceccecgectygg
ccatagtaac
ctgcccactt
atgacggtaa
cttggcagta
acatcaatygg
acgtcaatygg
actccgecccc
gagctcgttt
atagaagaca
cgccctacct
ggtgcctcct
ctttgtccygg
accctgettg
tgtagaaaca
Cttttecttttt
cgacagatct
tgacttctygg
gtctctecact

3

misc_feature

SEQ ID NO:
ccgectaatyg
ttaaaagcct
gttgctgatt
agcttagtac
catgagagct
ctgatccacg
cttgttgtct
taccttaact
tgtcagttag
catctcaatt
atgcaaagca

3

agcgggettt
tatatattct
tatattaatt
gttagccatg
Ctagtacgtta
CLtgtggtaga
gattattgat
taatgatttt
ggtgtggaaa
agtcagcaac
CLgcatctcaa

moltype =

DNA length

Location/Qualifiers

1..281
mol type
organlsm
1..281
note = RO6

taaaccttaa
ttagaggcta
tacgtgaaac

gtttagttcg
caacaggttg

moltype =

K

other DNA
synthetic

21

-continued

= 2381

construct

gamma Origiln

aagctttaaa
tttaagttgc
atgagagctt
CLTtaaacatga
aactgctgat

DNA length

Location/Qualifiers

1..1667
mol type
organlsm
1..1667

other DNA
synthetic

agccttatat
tgatttatat
agtacgttag
gagcttagta
C

= 1667

construct

note = NTCY9385R vector backbone

tttttggctt
tttttttett
ttattgttca
agagcttagt
aacatgagag
attggtaaag
ttttggcgaa
gataaaaatc
agttcatagc
ctgaccgccce
gccaataggg
ggcagtacat
atggcccgcec
catctacgta
gcgtggatag
gagtttgttt
attgacgcaa
agtgaaccgt
ccgggaccga
gaggcecgecca
gaactgcgtc
cgctcecettg
ctcaactcta
gagtagtcgc
ctcaggttga
ttttceectet
ctaataaagg
cggaaggaca

moltvype =

gttgtccaca
ataaaactta
aacatgagag
acgttagcca
cttagtacgt
agagtcgtgt
accatttgat
attaggtacc
ccatatatgg
aacgaccccce
actttccatt
caagtgtatc
tggcattatg
ttagtcatcg
cggtttgact
tggcaccaaa
atgggcggta
cagatcgcct
tccagectcece
tccacgccygg
cgccgtetag
gagcctacct
gttctctcgt
ctgcttttct
aaagaagaag
gccaaaaatt
aaatttattt

Ttaagggcggc

DNA length

Location/Qualifiers

1..2103
mol tType
organlsm
1..2103

other DNA
synthetic

accgttaaac
aaaccttaga
cttagtacgt
tgagggttta
actatcaaca
aaaatatcga
catatgacaa
ccggctectag
agttccgegt
gcccattgac
gacgtcaatg
atatgccaag
cccagtacat
ctattaccat
cacggggatt
atcaacggga
ggcgtgtacg
ggagacgcca
gcggetcegcea
ttgagtcgcg
gtaagtttaa
agactcagcc
taacttaatg
gccaggtgcet
acgaagaaga
atggggacat
tcattgcaat
cgctagc

= 2103

construct

note = NTCY9685R vector backbone

tttttggctt
tttttttcett
ttattgttca
agagcttagt
aacatgagaqg
attggtaaag
ttttggcgaa
gataaaaatc
gtccccaggce
caggtgtgga
ttagtcagca

gttgtccaca
ataaaactta
aacatgagag
acgttagcca
cttagtacgt
agagtcgtgt
accatttgat
attaggtacc
tccceccagecag
aagtccccag
accatagtcc

accgttaaac
aaaccttaga
cttagtacgt
tgagggttta
actatcaaca
aaaatatcga
catatgacaa
cctgatcact
gcagaagtat
gctccccagce
cgcccctaac

attctttttt
taattttatt
ccatgagagc
cgttaaacat

cttaaaagct
ggctatttaa
gaaacatgag
gttcgttaaa
ggttgaactyg
gttcgcacat
gatgtgtatc
ttattaatag
tacataactt
gtcaataatg
ggtggagtat
tacgccceccet
gaccttatygg
ggtgatgcgg
tccaagtctc
ctttccaaaa
gtgggaggtc
tccacgctgt
tctctececttce
ttctgcecgcece
agctcaggtc
ggctctccac
agacagatag
gacttctctc
cgaagaagac
catgaagccc
agtgtgttygg

cttaaaagct
ggctatttaa
gaaacatgag
gttcgttaaa
ggttgaactg
gttcgcacat
gatgtgtatc
gtggaatgtg
gcaaagcatg
aggcagaagt
tcecgceccecatce

60

120
180
240
281

60
120
180
240
300
360
420
4380
540
600
600
120
7380
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
loo/

60

120
180
240
300
360
420
480
540
600
600
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22
-continued

ccgcccocctaa ctceccgeccag ttacggggte attagttcat ageccatata tggagttceccg 720
cgttacataa cttacggtaa atggcccgcecce tggctgaccg cccaacgacce cccecgcecccatt 780
gacgtcaata atgacgtatg ttcccatagt aacgccaata gggactttcce attgacgtca 8490
atgggtggag tatttacggt aaactgccca cttggcagta catcaagtgt atcatatgcecc 9S00
aagtacgccce cctattgacg tcaatgacgg taaatggccce gcecctggecatt atgcccagta 960
catgacctta tgggactttc ctacttggca gtacatctac gtattagtca tcgctattac 1020
catggtgatg cggttttggc agtacatcaa tgggcecgtgga tagcecggtttg actcacgggg 1080
atttccaagt ctccacccca ttgacgtcaa tgggagtttg ttttggcacc aaaatcaacg 1140
ggactttcca aaatgtcgta acaactccgce cccattgacg caaatgggceg gtaggecgtgt 1200
acggtgggag gtctatataa gcagagctcg tttagtgaac cgtcagatcg cctggagacg 1260
ccatccacge tgttttgacc tccatagaag acaccgggac cgatccagcecoe tceccgecggete 1320
gcatctctce ttcacgcecgcecce cgccecgcecceccta cctgaggceccg ccatccacge cggttgagte 1380
gegttcectgee gecectecceccecgee tgtggtgect cctgaactge gtceccecgecgtce taggtaagtt 1440
taaagctcag gtcgagaccqg ggcecctttgtce cggecgcetceccecce ttggagecta cctagactca 1500
gececggetcecte cacgcetttge ctgacccectge ttgcectcaact ctagttcectcet cgttaactta 1560
atgagacaga tagaaactgg tcttgtagaa acagagtagt cgcctgettt tectgccaggt 1620
gctgacttcect ctceccececctggg cttttttett tttctcaggt tgaaaagaag aagacgaaga 1680
agacgaagaa gacaaaccdgt cgtcgacaga tcectttttceccce tcectgccaaaa attatgggga 1740
catcatgaag ccccttgage atctgacttce tggctaataa aggaaattta ttttcattgce 1800
aatagtgtgt tggaattttt tgtgtctctc actcggaagg acataagggce ggccgcectage 1860
ccgcctaatg agcgggettt tttttettag ggtgcaaaag gagagcecctgt aagcgggcac 1920
tcttcecgtgg tcectggtggat aaattcgcaa gggtatcatg gcggacgacce ggggttcgag 1980
cccegtatcece ggecgteccge cgtgatccat gecggttaccg cceccecgegtgtce gaacccaggt 2040
gtgcgacgtc agacaacggg ggagtgctcce ttttggcettce cttceccecctac cggggcececget 2100
agce 2103
SEQ ID NO: 4 moltyvpe = DNA length = 45
FEATURE Location/Qualifiers
source 1..45

mol type = other DNA

organlism = synthetic construct
misc feature 1..45

note = ColEZ2 Origin (+7)
SEQ ID NO: 4
caaaagggcyg ctgttatctg ataaggctta tcectggtctca ttttg 45
SEQ ID NO: 5 moltype = DNA length = 45
FEATURE Location/Qualifiers
source 1..45

mol type = other DNA

organlism = synthetic construct
misc feature 1..45

note = CcolEZ2 Origin (+7, CpG free)
SEQ ID NO: 5
caaaaggggyg ctgttatctg ataaggctta tcectggtctca ttttg 45
SEQ ID NO: © moltyvpe = DNA length = 38
FEATURE Location/Qualifiers
source 1..38

mol Type = other DNA

organlism = synthetic construct
misc feature 1..38

note = ColEZ2 Origin (Min)
SEQ ID NO: ©
ggcgctgtta tcectgataagg cttatctggt ctcatttt 38
SEQ ID NO: 7/ moltvpe = DNA length = 60
FEATURE Location/Qualifiers
source 1..60

mol type = other DNA

organlism = synthetic construct
misc feature 1..60

note = ColEZ2 Origin (+16)
SEQ ID NO: 7
ctgctcaaaa agacgccaaa agggcecgcetgt tatctgataa ggecttatctg gtectcatttt o©0

okQ 1D NO:
FEATURE
source

&

moltvyvpe =

DNA

Location/Qualifiers

1..1482
mol type

other DNA

length

= 1482




US 2023/0242924 Al Aug. 3, 2023
23
-continued
organlism = synthetlc construct
misc feature 1..1482
note = NTC9385C vector backbone

SEQ ID NO:
tacaatggct
attgccactt
gcacgttgtyg
tgtctgatta
taacttaatg
aattacgggg
aaatggcccyg
tgttcccata
gtaaactgcc
cgtcaatgac
tcctacttgg
gcagtacatc
cattgacgtc
taacaactcc
aagcagagct
cctccataga
cccgceccgecc
cctgtggtgce
cgggcctttg
gcctgaccect
ggtcttgtag
ggctttttte
gtcgtcgaca
gcatctgact
tttgtgtctc

ok 1D NO:
FEATURE
source

8

catgtggaaa
aacccacaaa
gtagaattgg
CLgatttttg
attttgataa
tcattagttc
cctggctgac
gtaacgccaa
cacttggcag
ggtaaatggc
cagtacatct
aatgggcgtg
aatgggagtt
gccecceccattyga
cgtttagtga
agacaccggqg
tacctgaggc
ctcctgaact
tccggecgcetc
gcttgctcaa
aaacagagta
CLttttctcag
gatctttttc
tctggctaat
tcactcggaa

9

misc feature

SEQ ID NO:
tacaatggct
attgccactt
gcacgttgtyg
tgtctgatta
taacttaatg
gttagggtgt
caattagtca
aagcatgcat
cctaactccg
cataacttac
caataatgac
tggagtattt
cgcccectat
ccttatggga
tgatgcggtt
caagtctcca
ttccaaaatyg
gggaggtcta
cacgctgttt
tctcctteac
ctgccgecctce
ctcaggtcga
ctctccacgce
acagatagaa
cttctctecec
aagaagacaa
tgaagcccct
tgtgttggaa
taatgagcgg
cgtggtctgg
tatccggceccyg
acgtcagaca

9

catgtggaaa
aacccacaaa
gtagaattygg
Ctgatttttyg
attttgataa
ggaaagtccc
gcaaccaggt
ctcaattagt
cccagttacg
ggtaaatggc
gtatgttccc
acggtaaact
Ctgacgtcaat
ctttcctact
ttggcagtac
ccccattgac
Ctcgtaacaac
tataagcaga
tgacctccat
gcgcccgcecg
ccgectgtgg
gaccgggcct
tttgcctgac
actggtcttg
ctgggctttt
accgtcecgteg
CLgagcatctyg
ttttttgtgt
getttttttt
tggataaatt
Ccecgecgtga
acgggggagt

aaccattggc
agggcgctgt
taaagagagt
gcgaaaccat
aaatcattag
atagcccata
cgcccaacga
tagggacttt
tacatcaagt
ccgectggca
acgtattagt
gatagcggtt
tgttttggca
cgcaaatggg
accgtcagat
accgatccag
cgccatccac
gecgtcececgecg
ccttggagcc
ctctagttct
gtcgcectgcet
gttgaaaaga
cctctgccaa
aaaggaaatt
ggacataagg

moltvype =

agaaaaacac
tatctgataa
cgtgtaaaat
Ltgatcatat
gtaccccggc
tatggagttc
ccocceccecgeccea
ccattgacgt
gtatcatatg
ttatgcccag
catcgctatt
tgactcacgg
ccaaaatcaa
cggtaggcgt
cgcctggaga
cctccgegge
gccggttgag
tctaggtaag
tacctagact
ctcgttaact
tttctgccag
agaagacgaa
aaattatggg
tattttcatt
gcggceccgcecta

DNA

Location/Qualifiers

1..191¢6
mol type
organlsm
1..1918
note =

aaccattggc
agggcgectgt
taaagagagt
gcgaaaccat
aaatcattag
caggctcccce
gtggaaagtc
cagcaaccat
gggtcattag
ccgectggcet
atagtaacgc
gcccacttgyg
gacggtaaat
tggcagtaca
atcaatgggc
gtcaatggga
tccgcecceccececat
gectegtttag
agaagacacc
ccctacctga
tgcctectga
ttgtccggceg
cctgcttgcet
tagaaacaga
ttectttttcet
acagatcttt
acttctggct
ctctcactcg
cttagggtgc
cgcaagggta
tccatgcggt
gectecttttyg

other DNA
synthetic

agaaaaacac
tatctgataa
cgtgtaaaat
ttgatcatat
gtacccctga
agcaggcaga
cccaggctcce
agtcccgceccc
ttcatagccc
gaccgcccaa
caatagggac
cagtacatca
ggcccgectg
tctacgtatt
gtggatagcg
gtttgttttyg
CLgacgcaaat
Lgaaccgtca
gggaccgatc
ggccgccatc
actgcgtccg
ctcececttgga
caactctagt
gtagtcgcct
caggttgaaa
CLtccectectge
aataaaggaa
gaaggacata
aaaaggagag
tcatggcgga
taccgccecge
gecttceccttcec

length

ctgccaacag
ggcttatctyg
atcgagttcg
gacaagatgt
tctagttatt
cgcgttacat
ttgacgtcaa
caatgggtgg
ccaagtacgc
tacatgacct
accatggtga
ggatttccaa
cgggactttce
gtacggtggg
cgccatccac
tcgecatcectct
tcgecgttetyg
tttaaagctc
cagccggetc
taatgagaca
gtgctgactt
gaagacgaag
gacatcatga
gcaatagtgt
gc

= 1918

construct

NTCY9685C vector backbone

ctgccaacag
ggcttatctyg
atcgagttcg
gacaagatgt
tcactgtgga
agtatgcaaa
ccagcaggca
ctaactccgc
atatatggag
cgacccccgc
tttccattga
agtgtatcat
gcattatygcc
agtcatcgct
gtttgactca
gcaccaaaat
gggcggtagg
gatcgcctgg
cagcctcecgce
cacgccggtt
ccgtctaggt
gcctacctag
tctcectecgtta
gecttttetge
agaagaagac
caaaaattat
atttattttc

AgJggcggcecey
cctgtaagcg
cgaccggggt
gtgtcgaacc
cctaccgggyg

ttttaccaca
gtctcatttt
cacatcttgt
gtatctacct
aatagtaatc
aacttacggt
taatgacgta
agtatttacg
cccectattga
tatgggactt
tgcggttttyg
gtctccaccce
caaaatgtcg
aggtctatat
gectgttttyga
ccttcacgceqg
ccgcctcecceceg
aggtcgagac
tccacgcecttt
gatagaaact
ctctcececectg
aagacaaacc

agccccttyga
gttggaattt

ttttaccaca
gtctcatttt
cacatcttgt
gtatctacct
atgtgtgtca
gcatgcatct
gaagtatgca
ccatccecgcec
ttccgcecgtta
ccattgacgt
cgtcaatggg
atgccaagta
cagtacatga
attaccatygg
cggggatttce
caacgggact
cgtgtacggt
agacgccatc
ggctcgecatc
gagtcgcegtt
aagtttaaag
actcagccygg
acttaatgag
caggtgctyga
gaagaagacg
ggggacatca
attgcaatag
ctagccecgcece
ggcactcttc
tcgagccececg
caggtgtgcg
ccgctage

60
120
180
240
300
360
420
430
240
600
600
120
7180
840
900
900
1020
1080
1140
1200
12060
1320
13860
1440
1482

60
120
180
240
300
360
420
480
240
600
600
120
780
840
900
9600
1020
1080
1140
1200
1260
1320
13860
1440
1500
1500
1620
1660
1740
1800
1860
1918
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Sk 1D NO:
FEATURE
source

10

misc feature

Sk 1D NO:

10

moltype =

DNA length

Location/Qualifiers

1..29
mol type
organlsm
1..29

other DNA
synthetic

24

-continued

= 29

construct

note = PL Promoter (-35 to -—-10)

ttgacataaa taccactggc ggtgatact

SkQ 1D NO:
FEATURE
source

11

misc_feature

ok 1D NO:

11

moltyvpe =

DNA length

Location/Qualifiers

1..28
mol type
organlsm
1..28

other DNA
synthetic

= 28

construct

note = PL Promoter OL1-G (=35 to -10)

ttgacataaa taccactggc gtgatact

SkEQ 1D NO:
FEATURE

SQUrce

12

misc_feature

SEQ ID NO:
ttgacataaa
SEQ ID NO:
FEATURE
source

REGION

SEQ ID NO:
MRLKVMMDVN
DLAALAKITP
ITEWIAYSNDE
HYSNEKKKNY
ISEVGFTVHE
KKAKG

Sk 1D NO:
FEATURE
SOUrce

REGION

SEQ ID NO:
MRLKVMMDVN
DLAALAKITP
ITEWIAYSNDE
HYSNEKKKNY
ISEVGFTVHE
KKAKG

Sk 1D NO:
FEATURE
SOuUrce

REGION

SEQ ID NO:
MSAVLOREFRE
S 1TDWSDRNCP
ADVNYSGLIC
EKVRKWAYRA
SPEGESAVQA
ok 1D NO:
FEATURE

12
taccactggc
13

13

KKTKIRHRNE
SLAYRQLKEG
GYLSLKEFTRT
FIISVDRELKE
KEGRKISKLK

14

14

KKTKIRHRNE
SLAYRQLKEG
GYLSLKETRT
FIISVDRELKE
KEGRKISKLK

15

15

KLPHKPYCTN
APNITVEKNPR
KNPCHPEWQE
TRQGWPVESQ
ARGRKGGTKS
16

moltvype =

DNA length

Location/Qualifiers

1..29
mol type
organlsm
1..29

other DNA
synthetic

= 29

construct

ncte = PL Promoter OL1-G to T{(-35 to -—-10)

gttgatact
moltyvpe =

AA  length

Location/Qualifiers

1..305
mol tType
organlsm
1..305
note = RG06

LNHTLAQLPL
GKLLGASKIS
IEPYISSLIG
ELIAYTEDKD
FEFVVDEDEF

moltype =

K

proteln
synthetic

= 3005

construct

Rep protein P421-P113S

PAKRVMYMAL
LRGDDITALA
KEKNKFTTQLL
GNIEYKYPDF
SGDKDDEAFE

AA  length

Location/Qualifiers

1..305
mol tType
organlsm
1..305
note = R6

LNHTLAQLPL
GKLLGASKIS
IEPYISSLIG
ELIAYTEDKD
FEFVVDEDEF

moltvype =

K

proteln
synthetic

ALIDSKEPLE
KELNLPETAK
TASLRLS5QY
PIFKRDVLNK
MNLSEADAAF

= 3005

construct

RGRVFKIRAE
NSSEELDLNI
ooSLYQLIRK
ATAETKKKTE
LEVFDETVEP

Rep protein P42L-P106L-F1078

PAKRVMYMAL
LRGDDITALA
KKNKFTTQLL
GNIEYKYPDF
SGDKDDEAFE

AA  length

Location/Qualifiers

1..297
mol type
organlsm
1..297

proteln
synthetic

ALIDSKEPLE
KELNLLSTAK
TASLRLSSQY
PIFKRDVLNK
MNLSEADAAF

= 297

construct

RGRVFKIRAE
NSPEELDLNI
oo LYQLIRK
ATAETKKKTE
LEVFDETVPEP

note = ColEZ2 Rep protein (wild type)

DFAYGVRILP
NGHAHLLYAL
VEWREEPYTL
WLDAVIQRVE
KRAAVPTSAR
moltvype =

KNIAILARFI
ALPVRTAPDA
DELADYLDLS
MYNASLPVPL
SLKPWEALGI
AA  length

Location/Qualifiers

QONQPHALYW
SASALRYAAA
ASARRSVDEKN
SPARCRATIGK
SRATYYRKLK
= 297

LPEFDVDRTGA
IERALCEKLG
YGLGRNYHLE
> TAKYTHRKE
CDPDLAK

29

23

29

60

120
180
240
300
305

60

120
180
240
300
305

60

120
180
240
297
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25
-continued

source 1..297

mol type = protein

organlism = synthetic construct
REGION 1..297

note = CeclEZ2 Rep protelin mut (G194D)
SEQ ID NO: 16
MSAVLORFRE KLPHKPYCTN DFAYGVRILP KNIAILARFI QONQPHALYW LPFDVDRTGA 60
SIDWSDRNCP APNITVKNPR NGHAHLLYAL ALPVRTAPDA SASALRYAAA TERALCEKLG 120
ADVNYSGLIC KNPCHPEWQE VEWREEPYTL DELADYLDLS ASARRSVDKN YGLGRNYHLE 180
EKVRKWAYRA TRODWPVESQO WLDAVIQRVE MYNASLPVPL SPAECRAIGK STIAKYTHRKE 240
SPEGESAVOA ARGRKGGTKS KRAAVPTSAR SLKPWEALGIL SRATYYRKLK CDPDLAK 297
Sk ID NO: 17 moltype = DNA length = 4706
FEATURE Location/Qualifiers
source 1..4700

mol type = other DNA

organism = synthetic construct
misc feature 1..47706

note = pINT pR pl R6K Rep p1P42L-P106L-F1075 (P3-)

SEQ ID NO:
ctgcaggtga
ttatctttcc
tccatttact
Ctgctcaattg
ttcaggccac
cattgggtac
cttgaaggta
ctgctcaggg
tgcggtcatg
tgtgcttacc
ccctgectga
actaaccgct
gctaactttg
attaaataaa
ggataagcca
aagctgctct
gggataaata
catgtactaa
tgggcaaacc
taaattcata
ttgacataaa
gaaggtgacg
tggggtgtgt
aaggtcatga
accctggctc
gatagcaaag
gcgcectcgceca
cttggtgcca
aacctgctgt
atagcttatt
tatatctcta
ttacgcttaa
aattttaaga
gcttatactt
aaaagggatg
gttggcttca
gtcgttgatg
tctgaagctyg
aaggggtgag
cgcatcctca
gcgaggctgg
ggctgaggag
agaacgagta
ccagtagaaa
agtagttgat
taaccacaga
taggtgaata
tcattattag
atgtcagccg
ctcagtgcgt
gececttatata

17

Ctgattatcaqg
ctttattttt
atgttatgtt
ttatcagcta
tgactagcga
tgtgggttta
aactcatcac
CLcaacgagaa
gaattacctt
catctctccecg
acatgagaaa
tcatacatct
agaatttttg
gcaccaacgc
agttcatttt
tgtgttaatg
tctaacaccg
ggaggttgta
aagacagcta
Laaaaaacat
taccactggc
ctcttaaaaa
gatacgaaac
tggacgtgaa
aacttccttt
aacctcttga
aaatcacccc
gcaaaatttc
ctactgctaa
caaatgatga
gcettattygg
gtagccagta
agaaaaatta
ttgataaaga
tgttaaataa
ctgttcatga
aagatgaatt
atgcagcttt
aattctcatg
cgataatatc
gtatttccecg
ataaataata
tcgagatggc
cagacgaaga
tcatagtgac
ttagtgtaat
agttgtatat
CLcaaaataaa
ttaagtgttc
Ctacatccctyg
Ctcttttttt

ccagcagaga
gctgcggtaa
ctgaggggag
tgcgccgacc
taactttceccc
gtggttgtaa
ccccaagtct
ttaacattcc
caacctcaag
catcaccttt
aaacagggta
cgtagatttc
taagcaatgc
ctgactgccc
tectttttttc
gtttcttttt
tgcgtgttga
tggaacaacg
aagatctctc
acagataacc
ggtgatactg
ttaagccctyg
gaagcattgg
caaaaaaacg
gcccgcaaag
daCgagggcda
atcgcttgcect
gctaagaggg
aaactccecct
aggatacttg
Jaaaaaaaat
ttcatcttct
ttttattatt
tggaaatatt
agccattgct
aaaagaaggyg
ttctggcgat
tctcaaggta
tttgacagct
cgggtaggcg
gecectttetgt
ddtdayggygygc
acatagcctt
agctagctaa
Lggatatgtt
gcgatgattt
ttaaaatctc
atcatttgtc
ctgtgtcact
gcttgttgtc
tcttataaaa

ttaaggaaaa
gtcgcataaa
Lgaaaattcc
agaacacctt
cacaacggaa
aaacacctga
ggctatgcag
gtcaggaaag
ccagaatgca
ggtaaaggtt
ctcatactca
tctggcgatt
ggcgttataa
catccccatce
ataaattgct
tgtgctcata
ctattttacc
cataaccctg
acctaccaaa
atctgcggtg
agcacatcag
aagaagggca
gatccagaag
aaaattcgcc
cgagtgatgt
gttttcaaaa
tatcgacaat
gatgatatca
gaagagttag
tctttaaaat
aaattcacaa
ctttatcaac
tccgttgatyg
gagtacaaat
gaaattaaaa
agaaaaatta
aaagatgatg
tttgatgaaa
tatcactgat
caatcacttt
tatccgaaat
tgtatgcaca
gctcaaattyg
tgctctgtcet
gcgttttgtce
ttaagtgatt
tttaattatc
gatttcaatt
caaaattgct
cacaaccgtt
cttaaaacct

cagacaggtt
aaccattctt
cctaattcga
gccgatcagc
caactctcat
ccgectatceccce
aaatcacctg
cttggcttgg
gaatcactgg
ctaagcttag
cttctaagtyg
Jgaagggctaa
gcatttaatg
ttgtctgcga
ttaaggcgac
cgttaaatct
Cctggecggtyg
aaagattatg
caatgccccc
ataaattatc
caggacgcac
gcattcaaag
gagatataca
accgaaacga
atatggcgcect
ttagggctga
taaaagaggg
ttgectttagc
atcttaacat
tcaccagaac
cgcaattgtt
ttatcaggaa
agttaaagga
accctgactt
agaaaacaga
gtaagctgaa
aagctttttt
ccgtacctcec
cagtgaatta
cgtctctact
ccactgaaag
aagcatcttc
gaatcaggtt
caggtcacta
gcattatgta
aatgttattt
agtaaattaa
ttgtcccatg
ttgagaggct
aaaccttaaa
tagaggctat

tattgagcgc
cataattcaa
CLgaagattct
caaacgtctc
tgcatgggat
tgatcagttt
gctcaacadgc
agcctgttygg
cttttttggt
gtgagaacat
acggctgcat
attcttcaac
cattgatgcc
cagattcctg
gtgcgtcctc
atcaccgcaa
ataatggttg
caatgcgctt
ctgcaaaaaa
tctggcggtg
tgaccaccat
cagaaggctt
tatgagactc
gctaaatcac
tgctctcatt
agaccttgca
Lggtaaatta
taaagagctt
tattgagtygg
catagaacca
aacggcaagc
gcattactct
agagttaata
tcectattttt
aatatcgttt
gttcgaattt
tatgaattta
caaaaaagct
atggcgatyga
ccgttacaaa
cacagcggcet
tgttgagtta
tgtgccaata
atactatcta
gtctatcatt
tgtcatcctt
tgtaagtagg
gctaattccc
ctaagggcectt
agctttaaaa
Cttaagttgct

60
120
180
240
300
360
420
4380
240
600
6600
120
730
840
900
9600
1020
1060
1140
1200
12060
1320
1360
1440
1500
1560
1620
1660
1740
1800
1860
1920
1960
2040
2100
2160
2220
22560
2340
2400
2460
2520
2560
2040
2100
2160
2820
2860
2940
3000
3060
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gatttatatt aattttattg ttcaaacatg agagcttagt acgtgaaaca tgagagctta 3120
gtacgttagc catgagagct tagtacgtta gccatgaggg tttagttcgt taaacatgag 3180
agcttagtac gttaaacatg agagcttagt acgtgaaaca tgagagctta gtacgtacta 3240
tcaacaggtt gaactgctga tcttcagatc ctctacgcecg gacgcatcecgt ggceccggatcet 3300
tgcggceccecgcect cggcecttgaac gaattgttag acattatttg ccgactacct tggtgatcte 3360
gcetttcacyg tagtggacaa attcttccaa ctgatctgeg cgcgaggcca agcecgatctte 3420
ttcttgtcca agataagcect gtctagcecttce aagtatgacg ggctgatact gggccggcag 3480
gecgetceccatt gecceccagtcecgg cagcecgacate cttcecggegeg attttgecgg ttactgeget 3540
gtaccaaatyg cgggacaacg taagcactac atttcecgcectca tcecgceccagcecec agtcgggegg 3600
cgagttccat agcecgttaagg tttcatttag cgcctcaaat agatcctgtt caggaaccgg 3660
atcaaagagt tcctccecgeccecg ctggacctac caaggcaacg ctatgttcecte ttgettttgt 3720
cagcaagata gccagatcaa tgtcgatcgt ggctggctcg aagatacctg caagaatgtce 3780
attgcgctge cattctccaa attgcagttce gecgecttaget ggataacgcec acggaatgat 3840
gtcgtcgtge acaacaatgg tgacttctac agcgeggaga atctcecgetcet ctceccagggga 3900
agccgaagtt tccaaaaggt cgttgatcaa agctcecgceccecge gttgtttcat caageccttac 3960
ggtcaccgta accagcaaat caatatcact gtgtggcecttc aggceccgceccat ccactgcecgga 4020
gccgtacaaa tgtacggcecca gcaacgtcegg ttcecgagatgg cgctcgatga cgccaactac 4080
ctctgatagt tgagtcgata cttcggcgat caccgcecttcecce ctcatgatgt ttaactttgt 4140
tttagggcga ctgccctgcect gcecgtaacatce gttgectgetce cataacatca aacatcgacce 4200
cacggcgtaa cgcecgecttgcect gettggatgce ccgaggcata gactgtaccecce caaaaaaaca 4260
gtcataacaa gccatgaaaa ccgccactge gceccecgttacca cecgectgegtt cggtcaaggt 4320
tctggaccag ttgcgtgagce gcatacgcta cttgcattac agcecttacgaa ccgaacagge 4380
ttatgtccac tgggttcgtg ccttcatccg tatcgatggce ccccgatggt agtgtggggt 4440
ctceccececatge gagagtaggg aactgccagg catcaaataa aacgaaaggce tcagtcgaaa 4500
gactgggcct ttecgttttat ctgttgtttg tcggtgaacg ctcectccectgag taggacaaat 4560
ccgceccgggag cggatttgaa cgttgcgaag caacggcecceg gagggtggcg ggcaggacge 4620
ccgceccataaa ctgccaggca tcaaattaag cagaaggcca tcecctgacgga tggecttttt 46080
gecgtggccag tgccaagett gcatgce 4706
SEQ ID NO: 18 moltype = DNA length = 4685
FEATURE Location/Qualifiers
source 1..4030

mol type = other DNA

organlism = synthetic construct
misc feature 1..4685

note = pINT pR pl ColEZ2 Rep protelin mut (G194D)
SEQ ID NO: 18
ctgcaggtga tgattatcag ccagcagaga ttaaggaaaa cagacaggtt tattgagcgcec 60
ttatctttce ctttattttt gctgcggtaa gtcecgcataaa aaccattcectt cataattcaa 120
tccatttact atgttatgtt ctgaggggag tgaaaattcc cctaattcga tgaagattcect 180
tgctcaattg ttatcagcta tgcgccgacce agaacacctt gccgatcagce caaacgtcecte 240
ttcaggccac tgactagcga taactttccce cacaacggaa caactctcat tgcatgggat 300
cattgggtac tgtgggttta gtggttgtaa aaacacctga ccgctatccce tgatcagttt 360
cttgaaggta aactcatcac ccccaagtct ggctatgcag aaatcacctg gcectcaacage 420
ctgctcaggg tcaacgagaa ttaacattcce gtcaggaaag cttggecttgg agcecctgttgg 480
tgcggtcatg gaattacctt caacctcaag ccagaatgca gaatcactgg cttttttggt 540
tgtgcttacc catctctceccg catcaccttt ggtaaaggtt ctaagcecttag gtgagaacat 000
ccctgecctga acatgagaaa aaacagggta ctcatactca cttctaagtyg acggctgcat 660
actaaccgct tcatacatct cgtagatttce tcectggcgatt gaagggctaa attcttcaac 720
gectaactttg agaatttttg taagcaatgce ggcecgttataa gcatttaatg cattgatgecc 780
attaaataaa gcaccaacgc ctgactgceccce catccecccatce ttgtctgcecga cagattcecctg 840
ggataagcca agttcatttt tetttttttce ataaattgcect ttaaggcgac gtgcecgtcecctce S00
aagctgctct tgtgttaatg gtttcttttt tgtgctcata cgttaaatct atcaccgcaa 960
gggataaata tctaacaccg tgcgtgttga ctattttacc tcectggeggtg ataatggttg 1020
catgtactaa ggaggttgta tggaacaacg cataaccctg aaagattatg caatgcgett 1080
tgggcaaacc aagacagcta aagatctctc acctaccaaa caatgccccce ctgcaaaaaa 1140
taaattcata taaaaaacalt acagataacc atctgcggtg ataaattatc tctggcecggtg 1200
ttgacataaa taccactggc ggtgatactg agcacatcag caggacgcac tgaccaccat 1260
gaaggtgacg ctcttaaaaa ttaagccecctg aagaagggca gcattcaaag cagaaggett 1320
tggggtgtgt gatacgaaac gaagcattgg gatccagaag gagatataca tatgagtgecc 1380
gtacttcagce gcttcaggga aaaattaccg cacaaaccgt actgtacgaa cgatttcecgeg 1440
tacggcgttc gcattctgceccec gaaaaacatt gceccattcttg cccgtttcat ccagcagaac 1500
cagccacatg cactgtactg gcecttcececcecttt gacgtggacce ggacgggggce atcaatcgac 1560
tggagcgacce ggaattgtcce ggceccecccgaac atcaccgtaa aaaatcecceccecceg taacgggcecac 1620
gcgcecatcectge tcectacgecget cgecceccttect gtgagaactg cgccecggatge atcggettcecg 1680
gecgetcagat acgcectgecgce tattgagegt gegttgtgtg aaaaactggg cgcecggatgtg 1740
aattacagcg gcctgatctg caaaaatccg tgccaccctg aatggcagga agtggaatgg 1800
cgcgaggaac ccltacactct cgacgaactg gcectgattatce tcgatttgag cgcctcageg 1860
cgcecgtageg tcgataaaaa ttacgggcectg gggcgaaact accatctgtt cgaaaaggte 1920
cgtaaatggg cctacagagc gattcgtcag gactggcecctg tattctcaca atggcttgat 1980
gececgtgatcece agegtgtcga aatgtacaac gcecatcecgcecttce ccecgttecget ttcectecgget 2040
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gaatgtcggyg ctattggcaa gagcattgcg aaatatacac acaggaaatt ctcaccagag 2100
ggattttccg ctgtacaggc cgctcgaggt cgcaagggcg gaactaaatc taagcgcecgca 2160
gecagttccta catcagcacg ttcecgctgaag ccgtgggagg cattagggat cagtcgageg 2220
acgtactacc gaaaattaaa atgtgatcca gatctcgcaa aatgataaga attctcatgt 2280
ttgacagctt atcactgatc agtgaattaa tggcgatgac gcatcctcac gataatatcce 2340
gggtaggcgce aatcactttc gtctctacte cgttacaaag cgaggctggg tatttcecceccgg 2400
cctttctgtt atccgaaatc cactgaaagc acagcggctg gctgaggaga taaataataa 2460
acgaggggct gtatgcacaa agcatcttct gttgagttaa gaacgagtat cgagatggca 2520
catagccttyg ctcaaattgg aatcaggttt gtgccaatac cagtagaaac agacgaagaa 2580
gectagctaat getcectgtete aggtcactaa tactatctaa gtagttgatt catagtgact 2640
ggatatgttg cgttttgtcg cattatgtag tctatcattt aaccacagat tagtgtaatg 2700
cgatgatttt taagtgatta atgttatttt gtcatccttt aggtgaataa gttgtatatt 2760
taaaatctct ttaattatca gtaaattaat gtaagtaggt cattattagt caaaataaaa 2820
tcatttgtcg atttcaattt tgtcccatgg ctaattccca tgtcagececgt taagtgttcecce 2880
tgtgtcactc aaaattgctt tgagaggctc taagggcecttc tcagtgcegtt acatccctgg 2940
cttgttgtce acaaccgtta aaccttaaaa gctttaaaag ccttatatat tetttttttt 3000
cttataaaac ttaaaacctt agaggctatt taagttgctg atttatatta attttattgt 3060
tcaaacatga gagcttagta cgtgaaacat gagagcttag tacgttagcec atgagagett 3120
agtacgttag ccatgagggt ttagttcgtt aaacatgaga gcttagtacg ttaaacatga 3180
gagcttagta cgtgaaacat gagagcttag tacgtactat caacaggttg aactgctgat 3240
cttcagatcc tctacgccgg acgcatcgtg gceccecggatctt gecggceccecgete ggettgaacg 3300
aattgttaga cattatttgc cgactacctt ggtgatctcg cctttcacgt agtggacaaa 3360
ttcttccaac tgatctgcgcec gcgaggccaa gcecgatcttcet tecttgtceccaa gataagectg 3420
tctagcttca agtatgacgg gctgatactg ggccggcagg cgctccattg cccagtcecgge 3480
agcgacatcce ttcecggcecgcecga ttttgeccecggt tactgcecgetg taccaaatgce gggacaacgt 3540
aagcactaca tttcgctcat cgccagceccca gtecgggeggce gagttccata gegttaaggt 3600
ttcatttagce gcecctcaaata gatcecctgttcec aggaaccgga tcaaagagtt cctccecgeccge 36060
tggacctacc aaggcaacgc tatgttctcect tgecttttgtc agcaagatag ccagatcaat 3720
gtcgatcgtg gectggectcga agatacctgce aagaatgtca ttgcecgcectgec attctccaaa 3780
ttgecagttcg cgcttagcectg gataacgcca cggaatgatg tcecgtcgtgca caacaatggt 3840
gacttctaca gcgcggagaa tctcecgcectcecte Ttceccaggggaa gecgaagttt ccaaaaggte 3900
gttgatcaaa gctcgceccgceg ttgtttcatce aageccttacg gtcaccgtaa ccagcaaatce 3960
aatatcactg tgtggcttca ggccgccatce cactgcggag ccgtacaaat gtacggceccag 4020
caacgtcggt tcgagatggc gctcecgatgac gceccaactacce tcectgatagtt gagtcecgatac 4080
ttcggcgate accgettece tcatgatgtt taactttgtt ttagggcgac tgccecctgetg 4140
cgtaacatcg ttgctgctcce ataacatcaa acatcgaccce acggcgtaac gecgecttgetg 4200
cttggatgcc cgaggcatag actgtacccce aaaaaaacaqg tcataacaag ccatgaaaac 4260
cgccactgcyg ccgttaccac cgctgecgttce ggtcaaggtt ctggaccagt tgcgtgageg 4320
catacgctac ttgcattaca gcttacgaac cgaacaggct tatgtccact gggttcgtge 4380
cttcatccgt atcgatggcecce cccecgatggta gtgtggggtce tceccccatgeg agagtaggga 4440
actgccaggce atcaaataaa acgaaaggct cagtcgaaag actgggectt tcecgttttatce 4500
tgttgtttgt cggtgaacgc tctecctgagt aggacaaatc cgccgggagce ggatttgaac 4560
gttgcgaagc aacggcecccdgg agggtggcecgg gcaggacgcece cgccataaac tgccaggecat 4620
caaattaagc agaaggccat cctgacggat ggceccectttttg cgtggeccagt gccaagettg 4680
catgc 4685
SkEQ ID NO: 19 moltype = DNA length = 4606
FEATURE Location/Qualifiers
source 1..400

mol type = other DNA

organlism = synthetic construct
misc feature 1..466

note = NTC9385R and NTC9685R Bacterial regiocon [Nhel

SEQ ID NO:
gctagcccgce
aaagctttaa
atttaagttg
catgagagct
gttaaacatg
gaactgctga
gcacatcttg
tgtatctacc

ok 1D NO:
FEATURE
source

19

ctaatgagcg
aagccttata
ctgatttata
tagtacgtta
agagcttagt
tccacgttgt
CLtgtctgatt
ttaacttaat

20

misc feature

slte-trpA Ttermlinator-R6K Origin-RNA-OUT-KpnlI site]

ggcttttctt
tattcttttt
ttaattttat
gccatgagadg
acgttaaaca
ggtagaattg
attgattttt
gattttgata

moltvype =

Ctggcttgttg
tttcttataa
tgttcaaaca
cttagtacgt
tgagagctta
gtaaagagag
ggcgaaacca
aaaatcatta

DNA

Location/Qualifiers

1..281
mol type
organlsm
1..281
note =

other DNA
synthetic

length

tccacaaccg
aacttaaaac
tgagagctta
tagccatgag
gtacgtacta

tcgtgtaaaa
tttgatcata
ggtacc

= 2381

construct

ttaaacctta
cttagaggct
gtacgtgaaa
ggtttagttc
tcaacaggtt
tatcgagttc
tgacaagatg

60

120
180
240
300
360
420
4006

NTC9385C and NTC9685C Bacterial region [Nhel
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28

-continued

site-ssl1A-ColE2 Origin (+7)-RNA-OUT-Kpnl site]

SEQ ID NO: 20
gectagcectaca atggcectcatg tggaaaaacce attggcagaa aaacacctgce caacagtttt o©0
accacaattyg ccacttaacc cacaaaaggg cgctgttatc tgataaggcect tatctggtet 120
cattttgcac gttgtggtag aattggtaaa gagagtcgtg taaaatatcg agttcgcaca 180
tcttgttgte tgattattga tttttggcecga aaccatttga tcatatgaca agatgtgtat 240
ctaccttaac ttaatgattt tgataaaaat cattaggtac c 281
SEQ ID NO: 21 moltyvpe = DNA length = 76
FEATURE Location/Qualifiers
source 1..70

mol Type = other DNA

organlism = synthetic construct
misc feature 1..76

note = NTC9385C and NTCY9685C CpG free ssiA [from plasmid

RoK]

SEQ ID NO: 21
tacaatggct catgtggaaa aaccattggc agaaaaacac ctgccaacag ttttaccaca 60
attgccactt aaccca 16
SEQ ID NO: 27 moltyvpe = DNA length = 260
FEATURE Location/Qualifiers
source 1..260

mol type = other DNA

organlism = synthetic construct
misc feature 1..260

note = CpG free R6K origiln
SEQ ID NO: 22
aaaccttaaa acctttaaaa geccttatata ttecttttttt tecttataaaa cttaaaacct ©0
tagaggctat ttaagttgct gatttatatt aattttattg ttcaaacatg agagcttagt 120
acatgaaaca tgagagctta gtacattagce catgagagct tagtacatta gccatgaggg 180
tttagttcat taaacatgag agcttagtac attaaacatg agagcttagt acatactatc 240
aacaggttga actgctgatc 260
SEQ ID NO: 23 moltype = DNA length = 137
FEATURE Location/Qualifiers
source 1..137

mol type = other DNA

organlism = synthetic construct
misc feature 1..137

note = RNA-QUT Selectable Marker from NTC9385C, NTCY9685C,

NTCY9380R, NTCS0BLOR

SEQ ID NO: 23
agaattggta aagagagtcg tgtaaaatat cgagttcgca catcttgttg tctgattatt o©0
gatttttggce gaaaccattt gatcatatga caagatgtgt atctacctta acttaatgat 120
tttgataaaa atcatta 137
SEQ ID NO: 24 moltyvpe = DNA length = 70
FEATURE Location/Qualifiers
source 1..70

mol type = other DNA

organlism = synthetic construct
misc feature 1..70

note = RNA-QUT Sense strand RNA from NTC9385C, NTC%685HC,

NTC93850R, NTCSo0t8OR, NTCS838DRa

SEQ ID NO: 24
ttcgcacatec ttgttgtctg attattgatt tttggcgaaa ccatttgatc atatgacaag ©0
atgtgtatct 70
SEQ ID NO: 25 moltype = DNA length = 87
FEATURE Location/Qualifiers
source 1..87
mol type = other DNA
organlism = synthetic construct
misc feature 1..87
note = TPA secretlon sequence
SEQ ID NO: 25
atggatgcaa tgaagagagg gctctgcectgt gtgctgctge tgtgtggagce agtecttegtt 60
tcgcccagecyg gtaccggatc cgtcgac 8/



US 2023/0242924 Al

SEQ 1D NO:

FEATURE
source

20

misc feature

Sk 1D NO:

20

moltype =

29

-continued

DNA length = 357/

Location/Qualifiers

1..57
mol type
organlsm
1..57

= other DNA
= synthetic construct

note = PCR primer 15061101

ggaacgggat ccagaaggag atatacatat gagtgccgta cttcagcecgcet tcaggga

ok 1D NO:
FEATURE
source

27

misc_feature

Sk 1D NO:

27

moltvype =

DNA length = 40

Location/Qualifiers

1..40
mol type
organlsm
1..40

= other DNA
= gsynthetic construct

note = PCR primer 15061102

ggaacggaat tcttatcatt ttgcgagatc tggatcacat

ok 1D NO:
FEATURE
source

28

misc feature

Sk 1D NO:

28

moltyvpe = DNA length = 32
Location/Qualifiers

1..32

mol type = other DNA

organlism = synthetic construct

1..32

note = ColEZ2 core replication origiln

ggcgctgtta tctgataagg cttatctggt ct

ok 1D NO:
FEATURE
source

29

misc feature

SkQ 1D NO:

29

moltvype =

DNA length = 121

Location/Qualifiers

1..121
mol type
organlsm
1..121

other DNA

= gsynthetic construct

note = +7(CpG free)-ss1A ColEZ2 origiln

37

40

37

tacaatggct catgtggaaa aaccattggc agaaaaacac ctgccaacag ttttaccaca ©0
attgccactt aacccacaaa agggggcectgt tatctgataa ggecttatctg gtcectcatttt 120

121

DNA length = 228

= synthetic construct

g
SEQ ID NO: 30 moltvype =
FEATURE Location/Qualifiers
source l1..228
mol type = other DNA
organlsm
misc feature 1..228

SEQ ID NO:
aggtaagttt
ctagactcag
gttaacttaa
ctgccaggtg

ok LD NO:
FEATURE
source

30

aaagctcagg
ccggectcectcee
tgagacagat
ctgacttctc

31

misc_feature

ok 1D NO:

31

note = HTLV- IR-Rabbit Beta globlin hvybrid intron

tcgagaccgg
acgctttgcc
agaaactggt
tcceccectgggce

moltvype =

gecetttgtee ggcecgcectcecceccect tggagcectac
tgaccctgct tgctcaactc tagttctctc

cttgtagaaa cagagtagtc gcctgcetttt
ttttttcttt ttctcagg

DNA length = 108

Location/Qualifiers

1..108
mol type
organlsm
1..108

note = pMBl RNAI antisense repressor RNA

other DNA
synthetic construct

partner of RNATT)

acagtatttg gtatctgcgce tcectgctgaag ccagttacct tcggaaaaag agttggtagce
tcttgatccyg gcaaacaaac caccgcectggt agecggtggtt tttttgtt

SkEQ 1D NO:
FEATURE
source

37

moltvype =

DNA length = 156

Location/Qualifiers

1..150

60

120
180
2208

(origiln antilisense

60
108

Aug. 3, 2023
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30
-continued
mol type = other DNA
organlsm = synthetic construct
misc feature 1..156
note = pMB1 RNAI selectable Marker, RNAI RNA (Sense strand)
SEQ ID NO: 32
ttgaagtggt ggcctaacta cggctacact agaagaacag tatttggtat ctgcgctctg 60
ctgaagccag ttaccttcgg aaaaagagtt ggtagctctt gatccggcaa acaaaccacce 1290
gectggtagcecg gtggtttttt tgtttgcaag cagcag 156
SEQ ID NO: 33 moltype = DNA length = 73
FEATURE Location/Qualifiers
source 1..73
mol type = other DNA
organlism = synthetic construct
misc feature 1..73
note = IncB RNAI antisense repressor RNA (IncB plasmid

orlglin RNAII antisense partner)

SEQ ID NO: 33
gtattctgtyg aggcccecccat tatttttcectg cgttceccgcecca agttcgagga aaaatagtgg o©0
gggttttcct tta 73
SEQ ID NO: 34 moltype = DNA length = 124
FEATURE Location/Qualifiers
source 1..124

mol type = other DNA

organlism = synthetic construct
misc feature 1..124

note = IncB RNAITI selectable Marker. DrallI-Kpnl restriction

fragment.

SEQ ID NO: 34
cacgttgtgt tgaatctctg gtacggtttc atatatactt atcccgtatt ctgtgaggcce 60
cccattattt ttcectgcecgttc cgccaagttc gaggaaaaat agtgggggtt ttectttagg 120
tacc 124
SEQ ID NO: 35 moltype = DNA length = 362
FEATURE Location/Qualifiers
source 1..3062

mol type = other DNA

organlism = synthetic construct
misc feature 1..362

note = IncB RNAII-SacB. PstI-Maml restriction fragment
SEQ ID NO: 35
ctgcagttca aagcggtgga aaaggggtat attgcecggatc gttattcagt ggettttggg o©0
atcctecgecgg tceccggaaagce cagaaaacgd cagaatgcgce cataaggcat tcaggacgta 120
CLggcagaaac gacggcagtt tgccggtgce ggaaggctga aaaaagtttc agaagaccat 1890
aaaggaaaac ccccactatt tttcecctcgaa cttggcggaa cgcagaaaaa taatggggge 240
ctcacagaat acgggatagg gcccatgaaa ccgtaccaga gattgggcecce tgtgcagtgt 300
ataaatacac ggcacaatcg ctccecgceccata agcgacagcet tgtggcaggt ctgatgaaca 360
tcC 362
SkEQ ID NO: 36 moltype = DNA length = 159
FEATURE Location/Qualifiers
source 1..159

mol type = other DNA

organlism = synthetic construct
misc feature 1..159

note = CpG free RNA-QUT selection marker - Iflanked by KpnlI

and BglII- EcoRI sites

SEQ ID NO: 36
ggtacctggt agaattggta aagagagttg tgtaaaatat tgagttagca catcttgttg o©0
tctgattatt gatttttggg gaaaccattt gatcatatga caagatgtgt atctacctta 120
acttaatgat tttgataaaa atcattaaga tctgaattc 159
SEQ ID NO: 37 moltyvpe = DNA length = 4372
FEATURE Location/Qualifiers
source 1..432

mol type = other DNA

organlism = synthetic construct
misc feature 1..432

note = CpG free R6K gamma - RNA-QUT bacterial region ({(CpG
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-continued

free ROK origin-CpG free RNA-OUT selection marker)-flanked

SEQ ID NO:
gaattcagca
aaacttaaaa
atgagagctt
ttagccatga
agtacatact
ttgtgtaaaa
tttgatcata
agatctgaat

ok 1ID NO:
FEATURE
source

37

tgcaaacctt
ccttagaggc
agtacatgaa
gggtttagtt
atcaacaggt
tattgagtta
Ctgacaagatg
tc

38

misc_feature

SEQ ID NO:
gaattcagca
cagttttacc
ctggtctcat
gcacatcttyg
tgtatctacc

SkQ 1D NO:
FEATURE
source

38

tgctacaatg
acaattgcca
tttggtacct
Ctgtctgatt
CLtaacttaat

39

misc_feature

SEQ ID NO:
ccgcecctaatg
ttaaaagcct
gttgctgatt
agcttagtac
catgagagct
ctgatccacc
ccatatatgg
aacgaccccc
actttccatt
caagtgtatc
tggcattatg
ttagtcatcg
cggtttgact
tggcaccaaa
atgggcggta
cagatcgcct
tccagecctcece
tccacgceccgg
cgccgtcetag
gagcctacct
gttctctcegt
catatgatca
tattttacac
tcttgtagaa
cttttttctt
cgtcgacaga
atctgacttc
Ctgtgtctctc

okQ 1ID NO:
FEATURE
source

39

agcgggettt
tatatattct
tatattaatt
gttagccatg
tagtacgtta
ccggectcectag
agttccgcgt
gcccattgac
gacgtcaatg
atatgccaag
cccagtacat
ctattaccat
cacggggatt
atcaacggga
ggcgtgtacg
ggagacgcca
gcggctcecgcea
Cttgagtcgcg
gtaagtttaa
agactcagcc
tctaatgatt
aatggtttcg
gactctcttt
acagagtagt
tttctcaggt
tctttttccc
tggctaataa
actcggaagg

40

by EcoRI-Sphl and BglII-EcoRI sites

aaaaccttta
tatttaagtt
acatgagagc
cattaaacat
tgaactgctg
gcacatcttg
tgtatctacc

moltype =

aaagccttat
gctgatttat
Cttagtacatt
gagagcttag
atcggtacct
ttgtctgatt
ttaacttaat

DNA

Location/Qualifiers

1..292
mol tType
organlsm
1..292

note = Cp

free ColEZ origin-CpG free RNA-QUT
flanked by EcoRI-Sphl and BglII-EcoRI sites

gctcatgtgg
cttaacccac
ggtagaattg
attgattttt
gattttgata

moltype =

G

other DNA
synthetic

length

atattctttt
attaatttta
agccatgaga
tacattaaac
ggtagaattg
attgattttt
gattttgata

= 292

construct

ttttcttata
ttgttcaaac
gcttagtaca
atgagagctt
gtaaagagag
ggggaaacca
aaaatcatta

60

120
180
240
300
360
420
4327

Tree ColEZ bacterial region (CpG free ss1A-CpG

aaaaaccatt
aaaagggggc
gtaaagagag
ggggaaacca
aaaatcatta

DNA

Location/Qualifiers

1..1660
mol type
organlsm
1..1660
note =

tttttggctt
tttttttett
ttattgttca
agagcttagt
aacatgagag
ttattaatag
tacataactt
gtcaataatg
ggtggagtat
tacgccccect
gaccttatgg
ggtgatgcgg
tccaagtctce
ctttccaaaa
gtgggaggtc
tccacgcectgt
tctectectte
ttctgcecgcec
agctcaggtc
ggctctccac
tttatcaaaa
ccaaaaatca
accaattcta
cgcctgecttt
tgaaaagaadg
tctgccaaaa
aggaaattta
acataagggc

moltype =

other DNA
synthetic

gttgtccaca
ataaaactta
aacatgagag
acgttagcca
cttagtacgt
taatcaatta
acggtaaatg
acgtatgttc
ttacggtaaa
attgacgtca
gactttccta
ttttggcagt
caccccattg
tgtcgtaaca
tatataagca
tttgacctcc
acgcgcccgc
tcececgecectgt
gagaccggygc
gectttgcecctyg
tcattaagtt
ataatcagac
ccacaactta
tctgccaggt
aagacgaaga
attatgggga
ttttcattgc
ggccgcectagce

DNA

Location/Qualifiers

1..1660
mol tType
organlsm

other DNA
synthetic

length

length

ggcagaaaaa
tgttatctga
ttgtgtaaaa

tttgatcata
agatctgaat

= 1660

construct

accgttaaac
aaaccttaga
cttagtacgt
tgagggttta
actatcaaca
cggggtcatt
gccegectgg
ccatagtaac
ctgcccactt
atgacggtaa
cttggcagta
acatcaatgg
acgtcaatgg
actccgcecccce
gagctcgttt
atagaagaca
cgcecctacct
ggtgcctcecct
ctttgtcecgyg
accctgcttyg
aaggtagata
aacaagatgt
atgagacaga
gctgacttct
agacgaagaa
catcatgaag
aatagtgtgt

= 1660

construct

cacctgccaa
taaggcttat
tattgagtta
CLgacaagatg
tc

NTCY9385Ra-02 vector backbone

cttaaaagct
ggctatttaa
gaaacatgag
gttcgttaaa
ggttgaactyg
agttcatagc
ctgaccgccecce
gccaataggg
ggcagtacat
atggcccgcec
catctacgta
gcgtggatag
gagtttgttt
attgacgcaa
agtgaaccgt
ccgggaccga
gaggccgcecca
gaactgcgtc
cgctcccecttg
ctcaactcta
cacatcttgt
gcgaactcga
tagaaactygg
ctccececectgygg
gacaaaccgt

cccecttgage
Cggaattttt

selection marker)-— -

60

120
180
240
297

60
120
180
240
300
360
420
4350
540
600
600
120
7380
840
900
900
1020
1080
1140
1200
12060
1320
13860
1440
1500
1560
1620
16060
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misc feature

SEQ ID NO:
ccgectaatg
ttaaaagcct
gttgctgatt
agcttagtac
catgagagct
ctgatccacc
ccatatatgg
aacgaccccc
actttccatt
caagtgtatc
tggcattatg
ttagtcatcg
cggtttgact
tggcaccaaa
atgggcggta
cagatcgcct
tccagecctcece
tccacgccgyg
cgccecgtcectag
gagcctacct
gttctctcecgt
ttgttgtctg
accttaactt
tcttgtagaa
cttttttectt
cgtcgacaga
atctgacttc
Ctgtgtctctc

ok 1D NO:
FEATURE
source

40

agcgggettt
tatatattct
Ctatattaatt
gttagccatg
tagtacgtta
ccggectcectag
agttccgecgt
gcceccattgac
gacgtcaatg
atatgccaaqg
cccagtacat
ctattaccat
cacggggatt
atcaacggga
ggcgtgtacg
ggagacgcca
gcggctcecgcea
Ctgagtcgcecg
gtaagtttaa
agactcagcc
tgtggtagaa
attattgatt
aatgattttyg
acagagtagt
tttctcaggt
tcttttteccc
tggctaataa
actcggaagg

41

misc_feature

SEQ ID NO:
ccgectaatg
ttaaaagcct
gttgctgatt
agcttagtac
catgagagct
ctgatccacg
cttgttgtct
taccttaact
catacgttgt
ccatgttgac
catagcccat
ccgcccaacyg
atagggactt
gtacatcaag
cccgcectggce
tacgtattag
ggatagcggt
ttgttttyggc
acgcaaatgg
aaccgtcaga
gaccgatcca
ccgccatcecca
tgcgtccgcece
cccttggage
actctagttc
agtcgecctgce
ggttgaaaag
ccctectgcca

4]

agcgggettt
tatatattct
tatattaatt
gttagccatg
Cagtacgtta
CLtgtggtaga
gattattgat
Ctaatgatttt
atccatatca
attgattatt
atatggagtt
acccccgecc
tccattgacg
tgtatcatat
attatgccca
tcatcgctat
Cttgactcacg
accaaaatca
gcggtaggcg
tcgcecctggag
gecectcececgecygyg
cgcecggttga
gtctaggtaa
ctacctagac
tctcgttaac
Cttttctgcca
aagaagacga
aaaattatygg

1..160¢0
note =

tttttggctt
tttttttett
ttattgttca
agagcttagt
aacatgagag
ttattaatag
tacataactt
gtcaataatg
ggtggagtat
tacgccccect
gaccttatgg
ggtgatgcgg
tccaagtctce
ctttccaaaa
gtgggaggtec
tccacgectgt
tctcteette
ttctgccgcec
agctcaggtc
ggctctccac
ttggtaaaga
tttggcgaaa
ataaaaatca
cgcctgecttt
tgaaaagaadg
tctgccaaaa
aggaaattta
acataagggc

moltype =

gttgtccaca
ataaaactta
aacatgagag
acgttagcca
cttagtacgt
taatcaatta
acggtaaatg
acgtatgttc
ttacggtaaa
attgacgtca
gactttccta
ttttggcagt
caccccattg
tgtcgtaaca
tatataagca
tttgacctcc
acgcgcccgc
CLceccecgeectgt
Jaygacteydygo
gectttgcecectyg
gagtcgtgta
ccatttgatc
ttagaactta
tctgccaggt
aagacgaaga
attatgggga
ttttcattgce
ggccgcectagce

DNA

Location/Qualifiers

1..1763
mol tType
organlsm
1..1763
note =

tttttggctt
tttttttcett
ttattgttca
agagcttagt
aacatgagag
attggtaaag
ttttggcgaa
gataaaaatc
taatatgtac
gactagttat
ccgcecgttaca
attgacgtca
tcaatgggtg
gccaagtacg
gtacatgacc
taccatggtg
gggatttcca
acgggacttt
tgtacggtgg
acgccatcca
ctcgcatctc
gtcgecgttct
gtttaaagct
tcagccggcet
ttaatgagac
ggtgctgact
agaagacgaa
ggacatcatg

NTCY938 5R-BE

other DNA
synthetic

gttgtccaca
ataaaactta
aacatgagag
acgttagcca
cttagtacgt
agagtcgtgt
accatttgat
attaggtacc
atttatattyg
Ctaatagtaat
taacttacgg
ataatgacgt
gagtatttac
ccccecctattg
Cttatgggact
atgcggtttt
agtctccacc
ccaaaatgtc
gaggtctata
cgectgttttyg
tcecttcacge
gcecgectcecece
caggtcgaga
ctccacgctt
agatagaaac
tctctcececect
gaagacaaac
aagccccecttg

length

-continued

accgttaaac
aaaccttaga
cttagtacgt
Ctgagggttta
actatcaaca
cggggtcatt
gcecegecectgg
ccatagtaac
ctgcccactt
atgacggtaa
cttggcagta
acatcaatgg
acgtcaatgg
actccgcecccce
gagctcgttt
atagaagaca
cgcecctacct
ggtgcctcct
ctttgtccgg
accctgcttyg
aaatatcgag
atatgacaag
atgagacaga
gctgacttct
agacgaagaa
catcatgaag
aatagtgtgt

= 1763

construct

accgttaaac
aaaccttaga
cttagtacgt
tgagggttta
actatcaaca
aaaatatcga
catatgacaa
ccggectcectag
gctcatgtcc
caattacggg
taaatggccc
atgttcccat
ggtaaactgc
acgtcaatga
ttcctacttyg
ggcagtacat
ccattgacgt
gtaacaactc
taagcagagc
acctccatag
gcccgecgcce
gcctgtggtyg
ccgggecttt
tgcctgaccc
tggtcttgta
gggctttttt
cgtcgtcgac
agcatctgac

NTCY9385Ra-01 vector backbone

cttaaaagct
ggctatttaa
gaaacatgag
gttcgttaaa
ggttgaactyg
agttcatagc
ctgaccgccecce
gccaataggg
ggcagtacat
atggcccgcec
catctacgta
gcgtggatag
gagtttgttt
attgacgcaa
agtgaaccgt
ccgggaccga
gaggccgcecca
gaactgcgtc
cgctccececttg
ctcaactcta
ttcgcacatc
atgtgtatct
Ctagaaactygg
ctcceceectgygg
gacaaaccgt

cccecttgage
tggaattttt

vector backbone

cttaaaagct
ggctatttaa
gaaacatgag
gttcgttaaa
ggttgaactg
gttcgcacat
gatgtgtatc
atggccattg
aacattaccg
gtcattagtt
geccectggcectyga
agtaacgcca
ccacttggca
cggtaaatygqg
gcagtacatc
caatgggcgt
caatgggagt
cgccccattg
tcgtttagtg
aagacaccygg
ctacctgadgqg
cctcctgaac
gtccggcegcet
tgcttgctca
gaaacagagt
ctttttctceca
agatcttttt
ttctggctaa

60
120
180
240
300
360
420
4380
540
600
600
120
7380
840
900
960
1020
1080
1140
1200
12060
1320
1380
1440
1500
1560
1620
16060

60
120
180
240
300
360
420
4350
540
600
6600
120
7380
640
900
900
1020
1080
1140
1200
12060
1320
13860
1440
1500
1560
1620
16860
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-continued

taaaggaaat ttattttcat tgcaatagtg tgttggaatt ttttgtgtet ctcactcgga 1740
aggacataag ggcggceccgcect agc 1763
SEQ ID NO: 47 moltype = DNA length = 678
FEATURE Location/Qualifiers
source 1..07/8

mol Ttype = other DNA

organlism = synthetic construct
misc feature 1..678

note = Pmin minimal pUC replication origln
SEQ ID NO: 472
cgcgttgctg gegtttttca taggctceccgce ccceccecctgacg agcatcacaa aaatcgacgce ©0
tcaagtcaga ggtggcgaaa cccgacagga ctataaagat accaggcegtt tccecccecctgga 120
agctccctecg tgegectcectcee tgttceccgace ctgceccecgetta ccggatacct gteccecgecttt 180
ctcececttecgg gaagegtgge getttcectcecat agectcacgcet gtaggtatct cagttcecggtg 240
taggtcgttce gcectccaaget gggectgtgtg cacgaacccece ccecgttcagece cgaccgcectge 300
gcecttatccyg gtaactatcecg tecttgagtce aaccecggtaa gacacgactt atcgccactg 360
gcagcagcca ctggtaacag gattagcaga gcgaggtatg taggcggtgce tacagagttcec 420
ttgaagtggt ggcctaacta cggctacact agaagaacag tatttggtat ctgcgetctg 480
ctgaagccag ttaccttcgg aaaaagagtt ggtagcectcectt gatccggcaa acaaaccacc 340
gctggtageg gtggtttttt tgtttgcaag cagcagatta cgcgcagaaa aaaaggatct o600
caagaagatc ctttgatctt ttctacgggg tctgacgctc agtggaacga aaactcacgt ©60
taagggattt tggtcatg 6/8
SEQ ID NO: 43 moltype = DNA length = B66
FEATURE Location/Qualifiers
source 1..800

mol type = other DNA

organlism = synthetic construct
misc feature 1..866

note = pUC (0.85) Bacterial region [Nhel site- trpA

SEQ ID NO: 43
gctagecccecge ctaatgagceg ggettttttt tettaggect cgegttgectg gegttttteca 60
taggctccge ccccctgacg agcatcacaa aaatcgacgce tcaagtcaga ggtggcgaaa 120
cccgacagga ctataaagat accaggcgtt tccccecctgga agcectceccecctcecg tgcecgetcectcece 180
tgttccgace ctgccecgetta ccggatacct gteccgecttt ctececcttecgg gaagegtgge 240
gectttcectcat agectcacget gtaggtatct cagttcggtg taggtcecgttce getceccaaget 300
gggctgtgtyg cacgaacccecce ccgttcagcece cgaccecgcectge gceccttateccg gtaactatcg 360
tcttgagtcce aacccggtaa gacacgactt atcgceccactg gcagcagceca ctggtaacag 420
gattagcaga gcgaggtatg taggcggtgce tacagagttc ttgaagtggt ggcecctaacta 480
cggctacact agaagaacag tatttggtat ctgcgcectctg ctgaagceccag ttaccttcecgg 540
aaaaagagtt ggtagctctt gatccggcaa acaaaccacc gctggtagcecg gtggtttttt 00
tgtttgcaag cagcagatta cgcgcagaaa aaaaggatct caagaagatc ctttgatctt 660
ttctacgggg tctgacgctc agtggaacga aaactcacgt taagggattt tggtcatggt 720
ggtagaattyg gtaaagagag tcgtgtaaaa tatcgagttc gcacatcttg ttgtctgatt 780
attgattttt ggcgaaacca tttgatcata tgacaagatg tgtatctacc ttaacttaat 840
gattttgata aaaatcatta ggtacc 8060
SEQ ID NO: 44 moltype = DNA length = 14¢
FEATURE Location/Qualifiers
source 1..146

mol type = other DNA

organlism = synthetic construct
misc feature 1..146

note = PL promoter with locations of the PL promoter OL1,

termlnator—-Pmin pUC replication origiln
(minimal) -RNA-OQUT-KpnI site]

OL? and OL3 repressor bindlng sites,

elements for Pll and PLZ promoters

-10 and -35 promoter

SEQ ID NO: 44

agcaattcag atctctcacc taccaaacaa tgcccceccecctg caaaaaataa attcatataa ©0
aaaacataca gataaccatc tgcggtgata aattatctcect ggecggtgttg acataaatac 120
cactggcggt gatactgagc acatca 146

Claimed 1s:

1. An engineered bacterial cell comprising a Rep protein-
dependent plasmid vector, a Rep protein gene that expresses a
Rep protein, and a P; promoter that controls the expression of

the Rep protein gene, and wherein the P; promoter comprises
an OL 1 mutation, wherein the OL 1 mutation comprises either
a smgle base substitution or a single base deletion that
decreases or prevents repressor biding to OL1, and wherein
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the Rep protein-dependent plasmid vector comprises an R6K
replication origin.
2. The engimeered bactenial cell of claim 1, wherein the P,

promoter comprises anucleic acid sequence selected from the

oroup consisting of SEQ ID NO:10 and SEQ ID NO: 44.

3. The engineered bacterial cell of claim 1, wherein said
Rep protemn comprises an amino acid sequence of SEQ ID
NO: 13, wherein the amino acid sequence comprises two
mutations at amino acids 106 and 107 of SEQ ID NO:13.

4. The engimeered bacterial cell of claim 1, wherein the
sequences of the P; promoter comprising said OL1 mutation
1s selected from the group consisting of SEQ ID NO: 11 and

SEQ ID NO: 12.

S. The engineered bacterial cell of claim 1, wherein the R6K
replication origin comprises a nucleic acid sequence that pos-
sesses at least 90% sequence identity to SEQID NO: 1 or SEQ
[DNO: 22.

6. The engieered bacterial cell of claim 1, wherein the Rep
protein-dependent plasmid vector further comprises an RNA -
OUT selectable marker.

7. The engineered bacterial cell of claim 6, wherein the
RNA-OUT selectable marker comprises a nucleic acid
sequence with at least 90% sequence 1dentity to SEQ ID
NO: 23 or SEQ ID NO: 36.

w O Ow % w W
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