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Abstract

Adenovirusholdsgreat promise asagenedelivery system; it can hold large amounts of exogenous DNA and
can be chemically and genetically modified to improve targeting to specific cells and tissues. A recombinant
adenovirus construct expressing p53iscurrently in clinical use asa cancer therapy in China. However, the use
of adenovirusconstructsin therapy islimited dueto patients strongimmuneresponse against thesevirusesand
their gene products. To overcome this problem helper-dependent adenoviruses which do not express any viral
geneproductshavebeen developed. Becausethe helper-dependent virusesdo not expressany viral geneproducts,
a helper virus is required for their replication and encapsidation into infectious particles. This manuscript
describes the construction of a prototype helper-dependent adenovirus system built such that it can be easily
modified. The helper-dependent virus described here is built of a series of four cassettes, each with its own
function. Furthermore, each individual cassette can be removed and replaced with a cassette with a different
function. In this way, different helper-dependent viruses can be readily created. This type of system could be
very useful in cancer therapy: For example, libraries of different cassettes could be maintained, allowing rapid

assembly of constructs able to provide therapy for individual tumor types.
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Adenovirusbased vectors are being devel oped in many
laboratories for use in gene therapy clinical trials (Cross
and Burmester, 2006; Kim et a., 2008; Shirakawa, 2008;
al so see http://www.wiley.co.uk/genmed/clinical/), and in
China a recombinant adenoviral vector expressing p53,
marketed under the name gendicine, isin clinical useasa
cancer therapy (Peng, 2005). The use of adenovirusitself
as the basis of a gene therapy construct is limited due to
patients' strong immunogenic response against these
viruses and their gene products. To decrease the patient's
immunogenic response against adenovirus based
constructs, constructs are being made which do not express
any viral gene products. These constructs are known as
hel per-dependent viruses (Alba et a., 2005; Jozkowicz
and Dulak, 2005; Xu et al., 2005). Because helper-
dependent vectors do not encode any viral gene products,
they require ahel per virus, which does encode and express
viral proteins, for propagation and encapsidation into
infectious particles.

This manuscript describes the construction of a
prototype helper-dependent adenovirus based system
which can be easily modified for use as a cancer therapy.

Werefer to our hel per-dependent constructs asadenovirus-
dependent molecular medicine (ADMM), and the hel per
virusisreferredtoasEVE. Our ADMM construct consists
of two adenovirusinverted terminal repeats (I TRs) which
act asDNA replication origins, the adenovirus packaging
site which is required for encapsidation of the ADMM
DNA intoinfectious particles, and four cassettes. Each of
these cassettes hasits own function. By building avector
ableto manifest multiplefunctions, aversatile vector with
high specificity and cancer killing ability can be created.
Moreover, each cassette can be removed and replaced with
a cassette with a different function, allowing ready
construction of ADMMs with specificity for different
tumor types.

The prototype ADMM described here contains
cassettes with the following functions: (1) expression of
areporter gene, LacZ, under the control of atetracycline
responsive promoter; (2) expression of a suicide gene,
HSV-TK, enabling killing of the host cell, also under the
control of atetracycline responsive promoter; (3) spacer
DNA; and (4) expression of a transcription factor, tTA,
which binds to tetracycline responsive promoters in the
absence of tetracycline (Freundlieb et al., 1999) and
activates transcription.
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Materials®

pGEM -T Easy (Cat. No. A3600) was purchased from
Promega. The BD Adeno-X™ Expression System 1 kit
(Cat. No. K1650-1) was purchased from BD Bioscience
(Adeno-X™ Expression System 1 is now sold by
Clontech). pIRES (Cat. No. 631605) was purchased from
BD Biosciences (pIRESisnow sold by Clontech). pEGFP-
N1 (Cat. No. 6085-1) was purchased from BD Biosciences
(PEGFP-N1 was sold by Clontech but EGFP has been
replaced by more highly optimized versions of green
fluorescent protein, such as ZsGreenl and AcGFPL,;
PEGFP-N1 Cat. No. 6085-1 is now discontinued). The
BD™ Tet-Off Gene Expression System (Cat. No. 630921)
was purchased from BD Biosciences (630921 has been
replaced by an improved Tet-Off Advanced Inducible
Gene Expression System, 630934, and is now sold by
Clontech). pxCANCre (Cat. No. 1675) was purchased
from Riken BioResource Center with the permission of
the depositor 1zumu Saito. The Q-mate™ Inducible
Expression System was purchased from Q-BlOgene (Q-
mate™ Inducible Expression System is now sold by
Krackeler Scientific, Inc.). pTRE-Tight (Cat. No. 631059)
was purchased from Clontech. pPCM-TK (Cat. No. 5953)
was purchased from Riken BioResource Center with the
permission of the depositor Hirofumi Hamada. FUGENE
6 was purchased from Roche Applied Science.
SuperScript™ |11 reversetranscriptase was purchased from
Invitrogen.

Molecular Biology

Unless otherwise noted, standard molecular biology
techniques were used. Amplification of DNA sequences
used in the construction of EVE and ADMM wasinitially
performed using TaKaRa Ex TagTM or TaKaRa LA
TagqTM (RRO06 and RR042; Takara@I)Bio Inc.), and the
amplicons were ligated into pGEM -T Easy vectors.
However, during the construction of ADMM, TakaraBio.
Inc. introduced a new PCR polymerase named
PrimeSTAR (Cat. No. R044). This polymerase has an
extremely low mistake rate and was used in the
construction of ADMM &fter it became available.

Amplification with PrimeSTAR resultsin blunt ended
amplicons, consequently, these amplicons must be
phosphorylated and ligated into blunt-ended vectors.
Whenever PCR amplicons or DNA oligomers were
inserted into blunt-ended plasmid backbones, the inserts
werefirst phosphorylated (and the blunt-ended backbones
were dephosphorylated); the DNA oligomers and
amplicons were phosphorylated using polynucleotide
kinase (Cat. No. 2021; TakaraBio Inc.) according to the
manufacturer’s instructions. DNA oligomers were
purchased from Invitrogen. When constructing plasmids
of 20 kb or greater, ligations were performed using
TaKaRaDNA LigationKit LONG (Cat. No. 6024; Taekara
Bio Inc.) according to the manufacturer's instructions.
Sequencing analysis was performed using an ABI Prism
3100 Genetic Analyzer (Applied Biosystems) according
to the manufacturer's instructions.

DNA less than 10 kb was purified using DNA
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purification kits purchased from Qiagen and Promega.
Larger plasmids were purified using DNA purification
kits purchased from Qiagen. DNA fragments> 10 kb were
purified as follows: DNA fragments were separated by
electrophoresis through an agarose gel; the fragment of
interest was cut out of the gel; the gel was dissolved in
Membrane Binding Solution from Wizard®SV Gel and
PCR Clean-Up System (Promega); the dissolved gel
containing the DNA fragment of interest wasapplied to a
QIAprep Spin Miniprep column (Qiagen) and centrifuged
for 30 sec; the column was washed once with Buffer PB
and washed twicewith Buffer PE; and the DNA waseluted
with 50 pl Buffer EB heated to 80°C. Because the DNA
tended to be dilute after this purification, > 10 kb
restriction digest fragments were obtained from
approximately 2 pg of plasmid DNA.

Plasmids were propagated in Stbl3 cells purchased
from Invitrogen (Cat. No. C7373-03). These cells were
grown at 37°C. If the plasmid of interest could not be
propagated at 37°C, cells were grown at 32°C. If the
plasmid of interest could not be propagated at 32°C, cells
were grown at 28°C: In general, larger, complicated
plasmids such as pEVE, pC4-H_Tight-LacZ, and
pADMM were propagated in cells grown at 28°C.

Stuffer DNA

Genomes were scanned for sequences similar to 5'-
CCANNAGNNGGC-3 using BLAST (NCBI). Intergenic
regions containing positive hits were considered
acceptable candidates for stuffer DNA.

Construction of the helper adenovirus (EVE)
Construction of pBS PITR Pack-wit:

Oligomer 5'—TCACGTGAA—@:)’>' was annealed to itsel f
and then ligated into pGEM -T Easy to generate
pPGEM _closed. Oligomers 5-GGCCGCTGGCCATTTT
CGCGGGAAAACTGAATA-3' and 5-CTCTTATTCAG
TTTTCCCGCGAAAATGGCCAGC-3' were annealed
together and oligomers5'-AGAGGAAGTGAAATCTGA
ATAATTTTGTGTTACTCATAGCGCGCG-3' and 5'-
TCGACGCGCGCTATGAGTAACACAAAATTATTCAG
ATTTCACTTC-3 wereannealed together. pGEM_closed
was digested with Notl and Sall, and the annealed
oligomers were ligated into the pGEM _closed backbone
(tripleligation). Oligomers5'-CTAGAACGCGTAATATT
TGTCTAGGGCCGCGGGG-3 and 5-AAGTCCCCGC
GGCCCTAGACAAATATTACGCGTT-3 wereanneded
together and oligomers5-ACTTTGACCGTTTACGTGG
AGACTCGGGATCCTTC-3' and 5-CCGGGAAGG
ATCCCGAGTCTCCACGTAAACGGTCA-3' were
annealed together. pPBS_K S+ wasdigested with Xbal and
Xmal, and the annealed oligomers were ligated into the
pBS _KS+ backbone (triple ligation). The pGEM _
oligomer construct was digested with Scal and BssHII.
ThepBS_oligomer construct was digested with Scal and
Mlul, and theinsert from the pGEM _oligomer wasligated
into thepBS_oligomer backbone to generate pBS_Pack-
3. The adenovirus inverted terminal repeat (ITR) and a
5'Pacl siteand the 5' portion of the adenovirus packaging
site was amplified from Adeno-X (Adeno-X is part of
the BD Adeno-X™ Expression System 1 kit) using primers
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GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATC
AAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAG
TATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTC
AGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTAC
GATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTC
ACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGG
TCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAG
TAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTC
ACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTAC
ATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAG
AAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTAC
TGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTG
AGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGC
GCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACT
CTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTG
ATCTTCAGCATC ACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAA
TGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCC
TCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATG
TATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTAA
ATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTAAATCAGCTCATTT
TTTAACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATAGACCGAGATA
GGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAACGTGGACTCCAAC
GTCAAAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCTAA
TCAAGTTTTTTGGGGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCC
CGATTTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCG
AAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACA
CCCGCCGCGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAAC
TGTTGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGA
TGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAA
ACGACGGCCAGTGAGCGCGCAATTAACCCTCACTAAAGGGAACAAAAGCTGTTACTACG
TAATTAACATCATCAATAATATACCTTATTTTGGATTGAAGCCAATATGATAATGAGGGG
GTGGAGTTTGTGACGTGGCGCGGGGCGTGGGAACGGGGCGGGTGACGTAGTAGTIGIGEG
GAAGTGTGATGTTGCAAGTGTGGCGGAACACATGTAAGCGACGGATGTGGCAAAAGTGAC
GTTTTTGGTGTGCGCCGGTG

CGGGATCCTTCCCGGGCTGCAGGAATTC
CTGCAGCCCGGGGGATCCACTAGTTCTAGAGCGGCCGCCACCGCGGTGGAGCTCCAATTC
GCCCTATAGTGAGTCGTATTACGCGCGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGT
GTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGGAGCATAAAGTGTAA
AGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGC
TTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAG
AGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGT
CGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGA
ATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCG
TAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAA
AAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTT
TCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCT
GTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCT
CAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCC
CGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTT
ATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGC
TACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTAT
CTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAA
ACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAA
AAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTAC

Figure 1. Putative Sequence of pBS_PITR_Pack-wt.
Theampicilinresistancegeneisin blue; the Pacl siteisin green;
the inverted terminal repeat is in black; the packaging siteisin
yellow; and the origin of replicationisin cyan. During insertion
of the Pacl site into the blunted Kpnl site of pBS rKS a"G"
residue was lost during the blunting reaction. (Sequence datais
best viewed by copying the sequence and pasting it into a
program such as Gene Construction Kit or into aword processing
program)

5-CCCCAGGCTTTACACTTTATGC-3' and 5'-
CTTT%GCTACCTTAGGACCGTTAT—B‘ andligated into
pGEM -T Easy to generate pGEM_PITR_Pack-5'
(pGEM_[Pacl-Inverted Terminal Repesat] [5' portion of
thewild type packaging site]). pGEM_PITR_Pack-5' was
digested with Mscl and Notl. pBS-Pack-3' was digested
with Mscl and Notl, and the PITR-Pack-5' insert was
ligated into the pBS-Pack-3' backbone to generate
pBS _PITR_Pack-wt_Ex (pBS_[PITR]_[wild type
packaging site] _[with extraneous sequences]). pBS_rKS
was constructed by digesting pBS_K S+ with BssHI1 and
ligating the BssHII fragment back into the parent
pBS K S+ backbone, and selecting clones with the MCS
oriented in the reverse direction. pBS_rKSwas digested
with Kpnl, blunted and dephosphorylated, and aPacl site
(5-TTACTACGTTAATTAACGATT-3) ligated into the
pBS rKS backbone to generate pBS rKS-Pacl. pBS-
PITR Pack-wt_Ex was digested with Pacl and EcoRI.
pBS rKS-Pacl was digested with Pacl and EcoRlI, and
the PITR_Pack-wt insert was ligated into the pBS rKS-
Pacl backbone to generate pBS_PITR_Pack-wt. The

GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATC
AAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAG
TATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTC
AGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTAC
GATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTC
ACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGG
TCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAG
TAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTC
ACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTAC
ATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAG
AAGTAAGTTGGCCGCAGTGTTATCACTCATGGT TATGGCAGCACTGCATAATTCTCTTAC
TGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTG
AGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGC
GCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACT
CTCAAGGATCTTACCGCTGTTGAGATCCAGT TCGATGTAACCCACTCGTGCACCCAACTG
ATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAA
TGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCC
TCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATG
TATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTAA
ATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTAAATCAGCTCATTT
TTTAACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATAGACCGAGATA
GGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAACGTGGACTCCAAC
GTCAAAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCTAA
TCAAGTTTTTTGGGGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCC
CGATTTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCG
AAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACA
CCCGCCGCGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAAC
TGTTGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGA
TGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAA
ACGACGGCCAGTGAGCGCGCGTAATACGACTCACTATAGGGCGAATTGGAGCTCCACCGC
GCGCAATTAACCCTCACTAAAGGGAACAAAAGCTGTTACTACGTTAATTAACATCATCAA
TAATATACCTTATTTTGGATTGAAGCCAATATGATAATGAGGGGGTGGAGTTTGTGACGT
GGCGCGGGGCGTGGGAACGGGGCGGGTGACGTAGTAGTGTGGOCGAAGTGTGATGT TGCA
AGTGTGGCGGAACACATGTAAGCGACGGATGTGGCAAAAGTGACGT TTTTGGTGTGCGCC
GGATAACTTCGTATAATGTATGCTATACGAAGTTATCCGGTG

GGATCCACTAATAACTTCGTATAATGTATGCTATACGAAGTTATAGTTCTAGA
GCGGCCGCTCTAGAACTAGTGGATCCCCCGGGCTGCAGGAATTCATCTATGTCGGGTGCG
GAGAAAGAGGTAATGAAATGGCATCGACTCGAAGATCTGAATTTAACTATAACGGTCCTA
AGGTAGCGAAAGCTCAGATCCCAGCTTTTGTTCCCTTTAGTGAGGGTTAATTGCGCGCTT
GGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACA
CAACATACGAGCCGGGAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACT
CACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCT
GCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGC
TTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCA
CTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTG
AGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCA
TAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAA
CCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCC
TGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGC
GCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCT
GGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCG
TCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAG
GATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTA
CGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGG
AAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTT
TGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTT
TTCTAC

Figure?2. Putative Sequenceof pBS_PITR_LA5L _SC.
Theampicilinresistancegeneisin blue; the Pacl siteisin green;
theinverted terminal repest isin black; LoxP sitesarein magneta;
the packaging siteisin yellow; the PI-Scel and I-Ceul sitesare
ingreen; and theorigin of replicationisin cyan. During insertion
of the second LoxP site into the blunted Spel site of
pBS PITR_LoxP-PackA5a"G",a"C", anda"T" residue were
lost during the blunting reaction

seguence of pBS_PITR_Pack-wt isshown in Figure 1.

Construction of pBS PITR LA5SL_SC (pBS [PITR] _
[ LoxP-PackA5-LoxP]_[PI-Scel _1-Ceul]):

pBS PITR_Pack-wt was used to generate a sequence
containing aPI TR and ashortened packaging site by PCR
amplification using primers 5-GTCGAGGTGCCGTAA
AGCA-3 and 5-GGATCCACGCGCTATGA GTQACAC
AAAA-3. Theampliconwasligatedinto pGEM -T Easy
to generate pGEM_PITR_PackA5. pGEM_PITR_PackA5
was digested with Pacl and BamHI. pBS rKS-Pacl was
digested with Pacl and BamHI, and the PITR_PackA5
insert was ligated into the pBS rKS-Pacl backbone to
generate pBS PITR _PackA5. pBS PITR_PackA5 was
digested with SgrAl, blunted and dephosphorylated, and
a loxP site (5-ATAACTTCGTATAATGTATGCTATAC
GAAGTTAT-3) wasligated intothe pBS_PITR_PackA5
backbone to generate pBS_PITR_L oxP-PackAS5.
pBS _PITR_LoxP-PackA5 was digested with Spel,
blunted and dephosphorylated, and a loxP site (5'-
ATAACTTCGT ATAATGTATGCTATACGAAGTTAT-
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GEGEGTCTGACGCTCAGTGGAACGAAAACTCACGT TAAGEGAT TTTGGTCATGAGAT TATCAAAAAGGATCT TCACCTAGATOCT TTTAAATTAAAAATGAAGT TTTAAATCAATCTAAAGTATATATGAGTAAACT TGGTCTGACAGTTA
CCAATGCTTAATCAGTGAGECACCTATCTCAGOGATCTGTCTATTTAGT TCATACATAGT TGOCTGACTOOOOGTAGTGTAGATAACTACGATACGGEGAGEGECT TAQCATCTGEOOOCAGTGCTGCAATGATACOGOGAGACOCACGCTC
AQOCCECTACAGATTTATCAGCAATAAACCAGOCAGOOEGAAGEEO0GAGIGECAGAAGTGGTACTGCAACT TTATOOBCOCTACATACAGTCTATTAAT TGT TROOGGEGAAGCTAGAGTAAGIAGT TGGOCAGT TAATAGT TTGOGCAACGT
TGTTGOCATTGCTACAGGCATOGTGGTGTCACGCTOGTAGT TTGGTATGECT TCAT TCAGCTAOGGT TAUCAACGATCAAGGOGAGT TACATGATGOOOCATGT TGTGCAAAAAAGOGGT TAGCTCCT TOGGTACTAOGATAGT TGTCAG
AAGIAAGT TGEOOBCAGIGT TATCACTCATGGT TATGECAGCACTGCATAAT TCTCT TACTGTCATGOCATAOGTAAGATGCT TT TCTGTGACTGGTGAGIACTCAACCAAGTCATTCTGAGAATAGTGTATGOGEOGACOGAGT TACTC
TTGOOOCEE0GTCAATACGEGATAATACOEOGEOCACATAGCAGAACT TTAAAAGTGCTCATCAT TGGAAAAGGT TCTTOGEGEEOGAAAACTCTCAAGGATCTTACOGCTGT TGAGATGCAGT TAGATGTAACGOCACTOGTGCACOCAACTG
ATCTTCAGCATCTTTTACTTTCACCAGOGT TTCTGEGTGAGCAAAAACAGGAAGGCAAAATEOOCCAAAAAAGEEAATAAGEEOGACACCGAAATGT TGAATACTCATACTCT TAC CAATATTATTGAAGCATTTATCAGEGTTA
TTGICTCATGAGOGGATACATATTTGAATGIATTTAGAAAAATAAACAAATAGEGGT TOOBOGBCACATT TOOOOGAAAAGTGOCACCTAAAT TGTAAGOGT TAATATTTTGT TAAAATTAGOGTTAAATTTTTGTTAAATCAGCTCATTT
TTTAACCAATAGGOCCAAATOEGECAAAATOCCTTATAAATCAAAAGAATAGACOGAGATAGEGT TGAGTGT TGT TACAGT T TAGAACAAGAGTCCACTATTAAAGAACGTGGACTCCAAGGTCAAAGEEOGAAAAACCGTCTATCAGEEC

GGATTTTTGAAGCAA( \TTTACGEOGCTAAGGATGACTCTGGTCAGAGAT/

GIGGECTGGACCAATGTAAATATTGTCATGAACTATATOOGTAACCTCGATAGTGAAACAGEEGECAATGETGOEOCTGCTEEAAGATGEOGATTAGICAT TAAGCATCAATCACTAGTGAAT TOEOEEOCATOCAAT TCACEOGTAGACCA
TGCATCTAGGEEOEE0CAAT TAOGEOOOCTCTOO0CCOCACCOCTCTAOCTAOOOO000ACTAACGTTACTGEO0GAAGOOGCT TEGAATAAGGEOOCSGTGTGOGT TTGTCTATATGT TATT T TACACCATATTGOOGTCTTTTGECAATGTG
AGEEO00GECAAACCTCEEOACTGICT TCTTGACGAGCATTACTAGEEGTCT TTAOOCTCTOEOCAAAGGAATGCAAGGTCTGT TGAATGTOGTGAAGGAAGCAGT TACTCTGGAAGCT TCTTGAAGACAAACAAGGTCTGTAGCGACICTT
TCAGECACCEEAACIOCCCACCTEEOGACAGGTEOCTCTAOEECCAAAAGOCACGTGIATAAGATACACCTECAAAGEOEECACAACCCCAGTAOCAQGT TGTGAGT TGGATAGT TGTGGAAAGAGTCAAATGGECTCTCCTCAAGTGTA
TTCAACAAGEGEECTCGAAGGATEOOCAGAAGGTACOOCAT TGTATGEGATCTCATCTAEEEOCTASGTECACATECT TTACATGTGT TTAGTACAGGTTAAAAAAACGGTCTAGEOOCCO0CGAACCACGEGECACGTGGTTTTACTTTGAAAA
ACACCATCATAACCT TEOCACAACOOEECATACACOEGTOECACCATGGTGAGCAAGCEEOGAGEACCTGT TCACOGEEEGTAGTEICATOCTAGTOGAGCTEEACEEIGACGTAAACCEOCACAAGT TCAGOGTGTCOGE0GAGEEGA

TACCECAAGCTGACCCTGAAGT TCA]

CGAGCTGIACAAGTAAAGOGEOOCCGACTCTAGATCATAATCAGOCATACCACATTTGTAGAGGT TTTACT T¢ GCTTTAAAAAAOCT GXAOACI:T C(IIXZT GAACCTGAAACATAAAATGAATGCAATTGT TGTTGTTAACTTGTTTATT
GCAGCTTATAATGGT TACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCAT TCTAGT TGTGGT T TGTCCAAACTCATCAATGTATCT TAAATCAAGCT TATGGOGATACOGTOCACCTOCAGEEEEEEC
CGOCACOEOGEGTCEAGCTACAAT TAGOCCTATAGTGAGTAGTATTACEOEOECT TAEOGTAATCATGGTCATAGCTGT TTACTGTGTGAAATTGT TATGOGCTCACAAT TACACACAACATACGAGOOCGECAGCCATAAAGTGTAAAGCCT
GEGGTAOCTAATGAGTGAGCTAACTCACATTAAT TAOGT TAOCECTCACTGOO0ECT T TACAGTOEEGEAAACCTGTOGTAOCAGCTGCATTAATGAATOSEOCAACEOE0EEEGEAGAGEOEGT TTAOGTAT TAEEOCCTCT TAOSCTTACT
CCCTCACTGA( \GOSGTATCAGCTCACTCAAAGGEOGGTAATACEGT TATGCACAGAATCAGEEGATAACGECAGGAAAGAACATGTGAGCAAAAGEOCAGCAAAAGEOCAGEAAGTGTAAAA
AGCEOOCECGTTECTEEOGT TTTTACATAGGECTOOE0C000CTGACGAGCATCACAAAAATOCACGCTCAAGTCAGAGGTGEOGAAACOOGACAGEACTATAAAGATACCAGEOGT TTAOCOCTEEAAGCTAOCTAGTAOECTCIACTGTTC
CGACOCTGOOGCTTACOCGATACCTGIT \GOGTGEOCCTTTCTCATAGCTCACCCTGTAGGIATCTCAGT TAGGTGTAGGTOGT TAGCTOCAAGCTAEGECTGIGTGCACGAACOOOOOGT TCAGOOCGACC
GCTGOEOCTTATAOGGTAACTATGGTCT TGAGTCCAACCOCGTAAGACACGACT TATABOCACTGECAGCAGOCACTGGTAACAGGATTAGCAGAGOCAGGIATGTAGEOSGTGCTACAGAGT TCTTGAAGTGGTGEOCTAACTACSECT
ACACTAGAAGGACAGIATTTGGTATCTGOGCTCTECTGAAGCCAGT TACCTTCSGAAAAAGAGT TGGTAGCTCT TGATAOGECAAACAAACCACOGCTAGTAGOGGTGGT TTTTTTGT TTGCAAGCAGCAGATTACEOCCAGAAAAAAAG
GATCTCAAGAAGATCCTTTGATCTTTTCTAC

Figure 3. Putative Sequence of pBS Cre-|RES-EGFP. The ampicilin resistance geneisin blue; the Cre and EGFP open
reading frames arein blue; IRES isin green; and the origin of replicationisin cyan

3') was ligated into the pBS PITR_LoxP-PackA5  AGAGGTAATGAAATGGCATCGACTCGAAGATCT-
backbone to generate pBS_PITR_LoxP-PackA5-LoxP 3" and 5-AGATCTTCGAGTCGATGCCATTTCATTA
(pBS PITR_LPA5L). A PI-Scel site was generated by CCTCTTTCTCCGCACCCGACATAGATG-3'.
annealing together the oligomers 5'- pBS KS+ was digested with EcoRI and EcoRV, and the
AATTCATCTATGTCGGGTGCGGAGAA PI-Scel site was ligated into the pBS K S+ backbone to

GEGEGTCTGAQGCTCAGTCGAACGAAAACTCACGT TAAGEGATTTTGGTCATGAGAT TATCAAAAAGGATCT TCACCTAGATCCTTTTAAATTAAAAATGAAGT TTTAAATCAATCTAAAGTATATATGAGTAAACT TGGTCTGACAGTTA
CCAATGCTTAATCAGTGAGECACCTATCTCAGOGATCTGICIATTTAGT TCATACATAGT TAOCTGACTOOOOGTAGTGTAGATAACTACGATACEGEGAGEGECT TACCATCTGEOOOCAGTGCTGCAATGATACOGOGAGACOCACQECTC
AQOCCCTACAGATTTATCAGCAATAAACCAGOCAGCOGGAAGGEEINGAGOECAGAAGTGGTACTECAACT TTATAOGOCTACATACAGICIATTAAT TGT TROOBEGAAGCTAGAGTAAGTAGI TOBOCAGT TAATAGT TTGOGCAAGGT
TGTTGOCAT TGCTACAGECATOGTGGTGTCAQGCTAGTOGT TTGGTATGECT TCAT TCAGCTOOGGT TAOCAACGATCAAGEOGAGT TACATGATAOOCCATGT TGTGCAAAAAAGOGGT TAGCTOCT TAGGTACTAOGATAGT TGICAG
AAGIAAGT TGEOOGCAGIGT TATCACTCATGGT TATGECAGCACTGCATAATTCTCT TACTGTCATGOCATAOGTAAGATGCT TTTCTGTGACTGGTGAGTACTCAACCAAGTCAT TCTGAGAATAGTGTATGOGGEOGACOGAGT TGCTC
TTGOOOGEEOGTCAATACGECATAATACOGBOGOCACATAGCAGAACT TTAAAAGTGCTCATCAT TGGAAAACGT TCTTAGEEECGAAAACTCTCAAGGATCT TAGOGCTGT TGAGATACAGT TAGATGTAAGOCACTAGTGCACOCAACTG
ATCTTCAGCATCTTTTACTTTCAGCAGOGT TTCTGGGTGAGCAAAAACAGGAAGGECAAAATGOOGCAAAAAAGEGAATAAGEEOGACACCGAAATGT TGAATACTCATACTCT TACT TTTTCAATAT TAT TGAAGCAT TTATCAGEGTTA
TTGICTCATGAGOGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGEGT TOOGOGCACAT TTOOOOGAAAAGTGOCACCTAAATTGTAAGOGT TAATATTTTGTTAAAATTOCOGTTAAATTTTTGT TAAATCAGCTCATTT
TTTAACCAATAGGEOOGAAATCEECAAAATAOCTTATAAATCAAAAGAATAGACCCAGATAGSGT TGAGTGI TGTTACAGT TTGGAACAAGAGTCCACTATTAAAGAACGTGCACTOCAAGGTCAAAGGGECGAAAAACCGTCTATCAGEEC
GATGEOOCACTAGGTGAACCATCACOCTAATCAAGT TTTTTAEEGTOGAGGTAOOGTAAAGCACTAAATAEGAACOCTAAAGEGAGICOOCGAT TTAGAGCT TCAGGGEEGAAAGIICEEIGAACGTAEOGAGAAAGCAAGSGAAGAAAGTG
AAAGGAGIEEEECTAGEEECTEECAAGTGTIAGCEGTCACECTAOEAGTAACCAGCACACOOG0CE0GECT TAATEOEO0ECTACAGGEEOE0GTAOCAT TAGOCAT TCAGGECTAOGCAACTGT TAGGAAGEEOGATARGTAOEEEACTCT
TORCTATTACGOCAGCTEE0GAAAGCEEGEGATGTACTECAAGEOGAT TAAGT TAGGTAACBCCAGEGT TTTAOCAGTCACCGACGT TGIAAAACGACEGEOCAGTGAGOEOGOGTAATACGACTCACTATAGEEOGAAT TGGAGCTACACOEC
COECAATTAACOCTCACTAAAGEEAACAAAACCTCIED T TAAT TAACATCATCAATAATATACCT TATT T TGGAT TGAAGOCAATATGATAATGAGGGGGTGGAGT TTGTGACGTGGOGOGGEEEOGTCGEGAACGGEEEOGEGTGAC
GTAGTIAGIGIGEOGGAAGIGTGATGT TECAAGTGTGEOEGAACACATGTAAGOGACCSGATGTGECAAAAGTGACGT TTTTGGTGTGOEO0GCATAACT TAGTATAATGIATGCTATACGAAGT TATAOSGT
GGATACACTAATAACTTOGTATA
ATGIATGCTATACGAAGT TATAGT TCTAGAGOGGEOOCCTCTAGAACTAGOGT TTCTAGIGAT TACAAACTCATCAATGIATCT TATCATGTCTGGATCTOGACCTOGAGAAGCT TAGTTACATAACTTAGGGTAAATGEOO0GOCTGECT
GAQCGO0CAACGACOOCOGO0CAT TGAGGTCAATAATGACGTATGT TOOCATAGTAACGOCAATAGEGACT TTACAT TGAGGTCAATGGATGGAGTATATACGGTAAACTGOOCACT TGGCAGTACATCAAGTGTATCATATGOCAAGTC
QGO00CCTATTGAGGTCAATGAGGGTAAATGEOO0GOCTGECAT TATGOOCAGTACATGACCTTACGGGACT TTACTACT TGECAGTACATCTAGGTAT TAGTCATOGCTAT TAGCATGGTGATGOGGT TTTGECAGTACACCAATGEEC
GIGGATAGOGGT TTGACTCAQGGGEGATTTACAAGTCTACACOOCAT TGAGGTCAATGEGAGT TTGT TTTGGECAGCAAAATCAAQGGGACT TTACAAAATGTAGTAATACOO00GO000GT TGAGGCAAATGEECAAGCTTGOOGEGTAGA
GGTAGCEOGTGIACSGTEEGAGEOCTATATAAGCAACOEGTATAATCAAACAGACCAGATTGICTGI TTGT TACOGGTGT TTAGTGAACOEEE0E0E0CTCATATAEOCTEEAGACEOCATOCACCECTGT TTTGACCTOCATAGAAGACAC
O3CEGACOGATACAGOCTOCAAT TAGATTECATOCACAGOOCOGCAGTGAGT TTCAACCOOGEGAGCOEOECACT TTTAGTCAGEOGAGEEACOCTECAGCTCAAAGAGTGT TTEOOE0GE0CECT TCTAGTAEOGTACAAGACOCTCAAAGAT
TTTTCECACTTOGT TCACIGAGEIGATATCACCAGAACEAAATTCATAATCACTAGAAACEEEOCCTCTIAGACTUCACIEE0EICACEEGTCOATCATGAGOEECOCTACAAAAAAGAAGAGAAAGGTAGAAGACOOGEEE0GE00CCAT
GTCCAATTTACTGACOGTACACCAAAATTTGOCTGCATTACOGSGTOGATGCAACGAGTGATGAGGT TAGCAAGAACCTGATGGACATGT TCAGEGATOEOCAGEOGT TTTCTGAGCATACCTGGAAAATGCTTCTGTOOGT TTAOOGGIC
GTGGEEOCCECATGGTECAAGT TGAATAACOGEAAATGGT TTOOOCCAGAACCTGAAGATGT TAGOGATTATCT TCTATATCT TCAGEOGEOGE0GEGTCTAECAGTAAAAACTATACAGCAACATTTGEECCAGCTAAACATGCTTCATAGTAG
GTOOEGEECTAOCACGACCAAGTGACAGCAATGCTGT TTCACTGGT TATGOEEOEGATAOGAAAAGAAAACGT TGATGOUGGTGAACGTGCAAAACAGGECTCTAGOGT TGGAACCCACTGATTTAGACCAGGT TAGT TCACTCATGGAAAA
TAGOGATOGCTGOCAGGATATACGTAATCTGGECAT TTCTGEGGAT TECTTATAACACOCTGT TAGGTATAGOOGAAAT TGOCAGGATCAGGGT TAAAGATATCTCAQGTACTGACGGTGEGAGAATGT TAATCCATATTGECAGAACGAA
\GOCTGEECEGTAACTAAACTGGTOGAGOGATCEA GAAAAAA]

\TTTACGEOCCTAAGGATGA
GXIT@AGTI'I'OQATA(IIEAGATCAT@QA(XIT(ETGXIT@ACGQATG]AAATA‘ITGTOATGAACI’ATATUETAAUIT(EATAGwmmm@mmmﬂM@ﬂCAATOACTA
GTGAAT TOBOGEE0CATOGAAT TCACEOGTOGAGCATGCATCTAGEEOCEE0CAAT TAOECCCTCTAOO000CACOOCTCTAOCTAOO000000CTAACGT TACTGEO0GAAGOOGCT TAGAATAAGGEOOGGTGTGOGT TTGICIATATGT
TATTTTOCACCATATTGOOGTCT TTTAECAATGTGAGEEO0EEAAACCTGEOOCTGICT TCT TGACGAGCAT TACTAGEEGTCT TTAOOCTCTABOCAAAGGAATGCAAGGTCTGT TGAATGTAGTGAAGGAAGCAGI TACTCTGGAAG
CITCTTGAAGACAAACAACGTCTGTAGIGACOCT T TACAGECAGIEEAACCCOCCACCTEEOCACAGGTAOCTCTAOEECAAAAGCCACGTGIATAAGATACACCTECAAAGEISGECACAACICCAGTAOCACGT TGTGAGT TGGATAG
TTGTGGAAAGAGTCAAATGECTCTACTCAAGTGTAT TCAACAAGEEECTGAAGGATEOOCAGAAGGTACOOCAT TGTATGEGATCTGATCTAEEEOCTASGTACACATCCTTTACATGTGT TTAGTCGAGGT TAAAAAAACQGTCTAGEC

Wmmm}mmmmm@m(IIEG}IXI?ACTCTAGATOATAATOAGIATAO:ACAT[TGTAGAG’STHTACWOCWTAAAAAACET mCACCT(mITGQACCT GAAACATA
AAATGAATCCAATTGTTGTTGTTAACTTGT TTATTGCAGCT TATAATGGT TACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGT TGTGGT TTGTCCAAACTCATCAATGTATCTTAAATCA
AGCTTATCEOGATACOGTCGEACCTOGAGCEEEEEEC0E0CACOE0EGTCEEEECTECAGGAAT TCATCTATGTOEEGTCOEEAGAAAGAGGTAATGAAATGECATAGACTCGAAGATCTGAATTIAACTATAACSGTACTAAGGTAGOGAA
AGCTCAGATOOCAGCTTTTGT TACCTTTAGTGAGEGT TAATTGOGOECT TGEOGTAATCATGGTCATACGCTGT TTACTGTGTGAAAT TGT TATGOGCTCACAAT TACACACAACATACGAGOOGEEGAGCATAAAGTGTAAAGOCTGEEGT
GOCTAATGAGTGAGCTAACTCACATTAATTGOGT TGOECTCACTGOOOGCT TTOCAGTOEEEAAACCTGTOGTGOCAGCTCCAT TAATGAATOGEEOCAACCOEOCEEECAGAGEOEGT TTAOGTAT TAEEOECTCTTAOECTTACTACTC

ACTGA( \GOSGTATCAGCTCACTCAAAGEOSGTAATACGEGT TATACACAGAATCAGEEGATAACGCACGAAAGAACATGTGAGCAAAAGGEOCACCAAAAGECCAGCAACOGTAAAAAGEC
GOGTTGCTGEOGT TTTTOCATAGECTOOEO000OCTGACGAGCATCACAAAAATCGACGECTCAAGTCAGAGGTEEOGAAACOCGACAGEACTATAAAGATACCAGEOGT TTAOOOCTEEAAGCTOOCTAGTAOGCTCTACTGT TAOGACC
CTGOOGECTTACOGGATACCTGTOOGOCT T TCTOOCT TOGEGAAGOGTGEOCCT TTCTCATAGCTCACECTGIAGGTATCTCAGT TAGGTGTAGGTOGT TABCTOCAAGCTGEECTGTGTECACGAACCCOOOGT TCAGOOOGACOECTEC
GOCTTATOOGGTAACTATOGTCTTGAGTOCAACOOGGTAAGACACGACT TATGEOCACTGECAGCAGOCACTGGTAACAGGATTAGCAGAGCCAGGTATGTAGEOGSGTGCTACAGAGT TCTTGAAGTGGTGEOCTAACTACSECTACACT
AGAAGGACAGTATTTGGTATCTGOECTCTECTGAAGOCAGT TAGCT TAGGAAAAAGAGT TGGTAGCTCT TGATGOGEECAAACAAACQCACOCCTGGTAGOGGTGGTTTTTTTGT TTGCAAGCAGCAGATTACCOECAGAAAAAAAGGATCT
CAAGAAGATCCTTTGATCTTTTCTAC

Figure 4. Putative Sequence of pBS_PITR-LAS5L -CoE-CIE-SC. The ampicilin resistance gene isin blue; the Pacl siteis
in green; the inverted terminal repeat isin black; LoxP sites arein magneta; the packaging siteisin yellow; the CMV promoter isin
black and the TATA box isin green; the CymR binding siteisin red; the E2 Late Leader isin cyan; the Cre and EGFP open reading
frames are in blue; IRESisin green; the PI-Scel and I-Ceul sites arein green; and the origin of replication isin cyan
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GEGGTCTGACGCTCAGTGGAACCAAAACTCACGT TAAGSGATTT TAGTCATGAGATTATCAAAAAGCGATCT TCACCTAGATCCT TT TGATOCTAOEEOGT TCAGCOCTGTGOCACAGOUGACAGGATGGTGACCACCAT TTGOCOCATATC
ACOGTCEGTACTGATOOOGTAGTCAATAAACCOCAACOECTACACOCTGAGCATCAAACTCTTTTATCAGT TGGATCATGTOEEOEGTGTOE0EGECAAGACSGTOGAGCT TCT TCACCAGAATGACATCACCT TACTCCAGCT TCATACT
CAGCAAATCCAGOOCTTAOCGATCTGT TGAACTCOOGECATAOCTTGTOEGTAAAGATGOGGT TAGCT TTTACCCCTGCATCT T TGAGOGCTCAGGTCTAOCTAGTGAAGAAGGTGT TACTGACTCATACCAGEOCTGAATCEOOOCATCA
TOCAGOCAGAAAGTGAGGEEAGCCACSGT TGATCAGACCTTTGT TGTAGGTGGACCAGT TAGTGAT TTTGAACT TTTGCT TTGOCACEGAACSGTCTAOGT TGTOEEGAAGATEOGTGATCTGATCCT TCAACTCAGCAAAAGT TCGATTT
ATTCAACAAAGCOECOGTOOOGTCAAGTCACOGTAATECTCTEOCAGTGT TACAACCAAT TAACCAAT TCTGATTAGAAAAACTCATOGAGCATCAAATGAAACTCCAAT TTAT TCATATCAGGATTATCAATACCATATTTTTGAAAAA
GOOGTTTCTGIAATGAAGGAGAAAACTCACOGAGGCAGT TACATAGGATGECAAGATCCTGGTATASGTCTGOGAT TAOGACTOGTACAACATCAATACAACCTATTAATTTAOOCTGGTCAAAAATAAGGT TATCAAGTGAGAAATCAC
CATGAGTGACCGACTGAATCOGGTGAGAATGECAAAAGCTTATGCATT TCTTTOCAGACT TGT TCAACAGGOCAGOCATTACGCTAGTCATCAAAATCACTOGCATCAACCAAACOGT TATTCAT TGGTGATTGOGOCTGAGOGAGACGAA
ATACCOGATOCCTGT TAAAAGGACAATTACAAACAGGAATOGAATCECAACOGEOECAGEAACACTGOCAGORECATCAACAATAT T TTCACCTGAATCAGGATAT TCT TCTAATACCTGGAATGCTGT TT TAOOGEEGATOECAGTGGTGA
GTAACCATGCATCATCAGCAGTACSGATAAAATGCT TGATGGTOEGAAGAGGCATAAAT TOOGTCAGOCAGT TTAGTCTGACCATCTCATCTGTAACATCATTGECAACGCTACCT TTGOCATGT TTCAGAAACAACTCTGGEOGCATAGG
GCTTOOCATACAATOGATAGATTGTOBCACCTGAT TGOOOGACAT TATOGOGAGOOCAT TTATACOCATATAAATCAGCATCCATGT TGGAAT T TAATOGOGGOCTOGAGCAAGACGT TTAOOGT TGAATATGECTCATAACACOOCT TG
TATTACTGTTTATGTAAGCAGACAGT TTTATTGT TCATGATGATATATTTTTATCTTGTGCAATGTAACATCAGAGATTTTGAGACAC CTAGACTOGAGOEEO0GE0CAAGT
TACTACG QGATTCAAGCTTAAGTAAGTGACTAGAACT TGT TTATTGCAGCTTATAATGGT TACAAATAAAGCAATAGCATCACAAAT TTCACAAATAAAGCATTTTTTTCACTGCATTCTAGT TGTGGT TTGTGCAAACTCA
TCTGCAGATCTGAATTT/ GCTTOCTASCTCACTGACTOECTAOECTASGTAGT TAEECTEOEEOGAGUICSGTATCAGCTCACTCAAAGEOGEGTAATACEGT TATOCCACAGAATCAGEEGATAACSCA
GCCAAAGAACATGTGAGCAAAAGECCAGCAAAAGGEOCAGGAACIGTAAAAAGEOCEOGT TACTAEOGT TTTTACATAGGECTOOEICCCTGACCAGCATCACAAAAATCGACECTCAAGTCAGAGGTEEOGAAACCIGACAGGACTATAA
AGATACCAGEOGT TTOOOOCTEEAAGCTAOCTAGTAOECTCTACTGT TAOGACOCTEOOECT TACOGEGATACCTGTAOEOCT T TCTAOCT TASEGAAGOGTEEOGCT TTCTCATAGCTCACSCTGTAGGTATCTCAGT TASGTGIAGGTC
GITOGCTACAAGCTEEECTGTGTECACGAACOOCO0GT TCAGCUOGACOECTEOECCT TATAOSGTAACTATOGTCT TGAGTACAACOOGGTAAGACACGACT TATABOCACTGECAGCAGOCACTGGTAACAGCGATTAGCAGAGCTGAGS
TATGTAGGEOSGTCCTACAGAGT TCTTGAAGTGGTEECCTAACTACSECTACACTAGAAGGACAGIATTTGGTATCTGOCCTCTCCTGAAGCCAGT TACCT TASGAAAAAGAGT TAGTAGCTCT TGATAOGECAAACAAACCACOECTGET
AGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTAC

Figure5. Putative Sequence of pSH_SPC. Thekanamycin resistance geneisin blug; the Pacl siteisin green; the PI-Scel and
I-Ceul sites arein green; and the origin of replication isin cyan

generate pBS _PI-Scel. An |-Ceul site was generated by
annealing together the oligomers5-GATCTGAATTTAA
CTATAACGGTCCTAAGGTAGCGAAAGCTCAGATC-
3 and 5-GATCTGAGCTTTCGCTACCTTAGGACC
GTTATAGTTAAATTCA-3'. pBS PI-Scel was digested
with Kpnl, blunted, then digested with Bglll, and the I-
Ceul site was ligated into the pBS_PI-Scel backbone to
generate pBS_SC. pBS PITR_LAS5L was digested with
BssHII, blunted, and then digested with Notl. pBS SC
was digested with Alel and Notl, and the PITR_LA5L
insert was ligated into the pBS_SC backbone to generate
pBS PITR_LA5L_SC. The sequence of pBS PITR_
LASL_SCisshownin Figure 2.

Construction of pBS _Cre-IRES-EGFP:

Previously we had constructed pBS tTA-IRES-EGFP
as follows. The Nhel site containing oligomer 5'-
TCGAGCTAGC-3 wasannealed toitself. pBS rKSwas
digested with Xhol and dephosphorylated, and the Nhel
containing oligomer was ligated into the pBS rKS
backboneto generatepBS _rN: When ligated into the Xhol
site, the annealed Nhel oligomers generate the sequence
5-CTCGAGCTAGCTCGAG-3'. pIRES was digested
with EcoRI and Smal. pBS_rN was digested with EcoRI
and Smal, and the IRES sequence was ligated into the
pBS rN backboneto generate pBS IRES. pEGFP-N1was
digested with Sacl and Aflll and blunted. pBS_KS+ was
digested with EcoRV and dephosphorylated, and the EGFP
sequence was ligated into the pBS _KS+ backbone to
generatepBS EGFP. pBS EGFPwasdigested with Clal,
blunted, and recircularized. This construct was then
digested with Smal and Apal and blunted. pBS IRESwas
digested with Smal and Eagl, blunted and
dephosphorylated, and the EGFP insert was ligated into
the pBS_IRES backbone to generate pBS_IRES-EGFP.
ThetTA sequence of pTet-Off (pTet-Off ispart of theBD™
Tet-Off Gene Expression System) was amplified using
primers5-ATCGATCCGTCAGATCGCCTGGAGAC-3
and 5'-GATATCTTGTCCAAACT(C@:ATCAATGTATCTT
ATCA-3' and ligated into pGEM -T Easy to generate
pGEM_tTA. pGEM_tTA was digested with Notl and
blunted. pBS_IRES-EGFPwas digested with EcoRV, and
the tTA insert was ligated into the pBS_|IRES-EGFP
backbone to generate pBS tTA-IRES-EGFP.

pShuttleX was previously constructed by annealing
together the oligomers5'-CTGGAATCTAGACTCGAGC
GGCCGCCACGGGTAC-3 and 5-ACACGACCTTAG
ATCTGAGCTCGCCGGCGGTGCC-5' and ligating them

into BstX1-Kpnl digested pShuttle2 (pShuttle2 is part of
the BD Adeno-X™ Expression System 1 kit).

pShuttle Cre was previously constructed as follows.
Cre recombinase was amplified from pxCANCre using
primers 5-CCCGGGTGCATCATGAGCGGCCC-3' and
5-TCTAGAGCGCTTAATGGCTAATCGCCATCTTCC-
3', and the amplicon was digested with Smal and Xbal.
pShuttleX was digested with BstX| and blunted, then
digested with Xbal and dephosphorylated, and the Cre
recombinase insert was ligated into the pShuttleX
backbone to generate pShuttle Cre.

pShuttle Cre was digested with Nhel and Afel.
pBS tTA-IRES-EGFP was digested with Nhel and
EcoRV, and the Creinsert wasligated into the pBS_(tTA)-
IRES-EGFP backboneto generatepBS_Crerecombinase-
IRES-EGFP (pBS_CIE). The sequence of pBS CIE is
shown in Figure 3.

Construction of pBS PITR LA5L_CoE CIE_SC:

The E2 late leader was cloned as follows. HEK293
cells were transfected with an Adeno-X_EGFP: the
Adeno-X_EGFP was made according to the
manufacturer'sinstructions and transfected into cellsusing
FUGENE 6 according to the manufacturer’s instructions.
Total RNA was extracted using Isogen according to the
manufacturer’s instructions. cDNA was made using
SuperScript 111 according to the manufacturer's
instructions. The E2 Late Leader was amplified using
primers 5-GGATCCACAGCCCCGGAGTGAGTT-3
and 5'-ATCGATTTC%TTCTCCTGATATCGCCTC-3'
and ligated into pGEM -T Easy to generate pGEM_E2.
The CMV-ML-CuO sequenchfrom pCMV5Cu0O
(PCMV5CuOispart of the Q-mate  Inducible Expression
System) was amplified using primers 5-CCAAACTCA
TCAATGTATCTTATCATG-3' and 5'-AAATTTCCT®TT
ATTAGCCAGAGGTC-3 and ligated into pGEM -T
Easy to generate pGEM_CMV-ML-CuO. pGEM_E2 was
digested with EcoRI and blunted. pGEM_CMV5-CuO
was digested with Sacll, blunted and dephosphorylated,
and the E2 |ate |eader was ligated into the pGEM_CMV-
(ML)-CuO backbone to generate pGEM_CoE
(PGEM_[CMV promoter]-[Cym operator][with the E2
Late Leader inserted]). pPGEM_CoE was digested with
Spel and blunted. pBS_CIE was digested with Pmel and
dephosphorylated, and the CoE sequencewasligated into
the pBS_CIE backbone to generate pBS_CoE-CIE.
pBS_CoE-CIE was digested with Sacl and blunted, and
then digested with Nhel. pBS_PITR_LA5L_SC was
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\OQGCTCAGTGGAACGAAAACTCACGT TAAGSGATTTTGGTCATGAGATTATCAAAAAGGATCT TCACCTAGATCCTTTTAAATTAAAAATGAAGT TTTAAATCAATCTAAAGTATATATGAGTAAACT TGGTCTGACAGTTA
\GTGCTGCAA

CCAATGCTTAATCAGTGAGECACCTATCTCAGOGATCTGICIAT TTOGT TCATGCATAGT TGOCTGACTOOOOGTAGTGTAGATAACTACGATACGEGAGEGECT TACCATCTGEOOOCA \TGATACOGOGAGAQCCACGCTC
ACOGGCTOCAGATTTATCAGCAATAAACCAGOCAGOOCEGAAGEEO0GAGIECAGAAGIGGTACTGCAACT TTATGOGOCTACATACAGT CIATTAAT TGT TAOOEGEGAAGCTAGAGTAAGTAGT TGGOCAGT TAATAGT TTGOGCAAGGT
TGTTGOCATTGCTACAGGECATOGTGGTGTCACECTOGTOGT TTGGTATGECT TCAT TCAGCTAOGGT TACCAACGATCAAGEOGAGT TACATGATOOOOCATGT TGTACAAAAAAGOGGT TAGCTOCT TAGGTOCTAUGATGGTTGTCAG
AAGTAAGT TGEOOBCAGIGT TATCACTCATGGT TATGECAGCACTGCATAATTCTCT TACTGTCATGOCATOOGTAAGATECT TTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGOCEOGACCGAGT TGCTC
TTGOOOEE0GTCAATACGECATAATAQOCOGOCACAT \TCATTGCAAAAQGT TCTTOGEEE0CAAAACTCTCAAGEAT \GOCACTGGTGCACOCAACTG

\TCTTAGOGCTGT TGAGATOCAGT TAGATGTAA(
ATCTTCAGCATCTTTTACTTTCAGCAGOGT TTCTGGGTGAGCAAAAACAGGAAGECAAAATGOOGCAAAAAAGGEAATAAGGEEOGACACGEAAATGT TGAATACTCATACTCTTOC CAATATTATTGAAGCATTTATCAGGGTTA
GTCTCATGAGUGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGEGEGT TOOGOGCACAT TTOOOOGAAAAGTGOCACCTAAATTGTAAGOGT TAATATTTTGT TAAAAT TOGOGTTAAAT GTTAAATCAGCTCATTT
TTTAACCAATAGEOCCAAATOEGECAAAATOOCTTATAAATCAAAAGAATAGACCGAGATAGEGT TGAGTGT TGT TACAGT TTGGAACAAGAGTACACTATTAAAGAACGGTEGACTOCAACGTCAAAGEEOGAAAAACOGTCIATCAGEEC
IAATCAAGT TTTTTGEGEGTCCAGGTGOOGIAAA

oA
OGTAGTAGTGIGEOSGAAGTGTGATGT TACAAGTGTGEOEGAACACATGTAAGOGACCGATGTGECAAAAGTGAGGT TTTTGGTGTGOEO0GCATAACT TAGTATAATGTATGCTATACGAAGT TATGOGGT
GGATACACTAATAACTTOGTAT
AATGTATGCTATACGAAGT TATAGT TCTAGAGOGGEOOCECTCTAGAACTAGOGT TTCTAGTGATTACAAACTCATCAATGTATCT TATCATGTCTGGATCTOGACCTACAGAACCT TAGTTACATAACT TACGGTAAATGEO00COCTGEC
TGAGOGOOCAAQGACOOO0GEOOCATTGAGGTCAATAATGACGTATGT TOOCATAGTAACGOCAATAGGGACT TTOCAT TCACGTCAATGGATGGAGTATATACGGTAAACTGOOCACT TGGCAGIACATCAAGTGTATCATATGOCAAGT
QOCCO00CTATTGAGGTCAATGACGGTAAATGEOOOBOCTGECATTATGOOCAGTACATGACCTTACGEGACT TTACTACT TGECAGTACATCTAGGTAT TAGTCATOGCTATTACCATGGTGATGOGGT TTTGECAGTACACCAATGEG
QGTCGATAGOSEGT TTCACTCAQGGEGECATTTACAAGTCTACAQUOOCATTGAGGTCAATEEGAGT TTGT TTTGECAGCAAAATCAAQGEGGACT TTACAAAATGTAGTAATACCOC0G0O00GT TGACGCAAATEEECAAGCT TROOEEGTAG
AGGTAGEOGTGIACGGTGEGAGEOCTATATAACCAACOEGTATAATCAAACAGACCAGATTGTCTGI TTGT TACOGGTGI TTAGTGAACOGEEEIECEOCTCATATOEOCTEEAGACEOCATOCAQGECTGT TTTGACCTOCATAGAAGACA
\CAGOCO0EGAGIGAGT TTCAAQOOOECAGOOEOECACT TTTAGTCAGEIGA \GCTCAAAGAGOGT TTEOOE0GOCCTTCTAGTOROGTACAAGACOCTCAAAGA

GGTOOCEECTEOCACGACCAAGIGACAGCAATCCTGT TTCACTGGT TATGOEEOGCEA ATGGAAA

ATAGGATOZ—I?I’CQ‘AC-IEKI'ATACGTAATCTmm’ITGTITATAAOACI}CTGTI'ACG'IATAGUEAAA'IT@I.‘AGBAT(‘AC—H}WAMGQTATCTOAGSTAGGA@TC&SAGAATGITAATG‘ATAW@{‘AGAAG}A

AAAQGCTGGTTAGCAGOCECAGGTGTAGAGAAGECACT TAGOCTGEEEGIAACTAAACTGGTOGAGOGATGEA IAGCTGATGATOOGAATAACTACCTGI TTTGOOGEGTCAGAAAAAATGGTGI TAOOBOG0CAT

CTGOCAGCAGCCAGCTATCAACTOGOGEOCCTCEAAGEGAT TTTTGAAGCAACTCATOGAT TCATTTAQGEOCRCTAAGEATGACTCTEGTCAGAGATACCTEEOCTAGTCTEEACACAGTEOOOGTGTOEGEAGIOEOE0GACGATATEEOC

GOCCTGGAGT TTCAATAQOCGAGATCATECAAGCTGGTERCTEGACCAATGTAAATAT TGTCATGAACTATATAOGTAACCTCGATAGTGAAACAGGEEECAATGGTEOBOCTECTEEAAGATEEOCATTAG AT TAACCATCAATCACT

AGTGAATTOGOGE0CATAGAAT TCACEOGTOGAGCATECATCTAGEEOEE0CAAT TAOE00OCTCTAOOC00CACCOCTCTAOCTAO0O00000CTAACGT TACTGEO0GAAGOOCCT TAGAATAAGEOOGGTGTGOGT TTGICIATATG
GEGEO00GGAAA

GTTGTGGAAAGAGTCAAATGECTCTCCTCAAGTGTATTCAACAAGGEEGECTGAAGGATEOCCAGAAGGTACOOCAT TGTATGEGATCTGATCTEEEEOCTAEGTGCACATCECTTTACATGTGT TTAGTCGAGGTTAAAAAAACGGTCTAGEC
QOCC0GAACCACCEECAGGTGGTTTTACTTTGAAAAACACGATGATAACCT T mmmmmmm{mmmm

WWMWWWA@MTMT@MEM@ GAGA(E /-\C (I AAAAAACIII'(II)AOACCI’(IIKITGAA(ETGQAACAT

AAAATGAATCCAATTGTTGT TGTTAACTTGT TTATTGCAGCTTATAATGGT TACAAATAAAGCAATAGCATCACAAAT TTCACAAATAAAGCAT TTTTTTCACTGCATTCTAGT TGTGGT TTGTOCAAACTCATCAATGIATCTTAAATC

TTOCTOOOCTAOCAAT
TAl QCAGGAGGTGGTAAAGGTGACTCTGGATGT TCAGATACATGEECATAAGCOOGTCTCTEEEGTCEAGGTAGCACCACTGCAGAGCT TCATGCTGUGEEGTGGTGT TGTAGATGATOCAGTGGTAGCAGGAGOECTEEEGIG
GIGOCTAAAAATGTCTTTCAGTAGCAAGCTGAT TROCAGGEECAGEOCCT TAGTGTAAGTGI TTACAAAGOGGT TAAGCTGEGATGEGTGCATAGGTGECEATATGAGATGCATCT TAGACTGIA IAGGTTGGCTATGT TAOCAGC

\TGOC0EEE0EECAAGOE0C0CECTAGT
TGEGTGAGCEOGCAGEIGTACATGOOECAAATGTAGTAAACGGTAGAGEGEGECTCTCTCGAGIAT TACAAGATATGTAGEGTAGCATCT TACACCBEOGGATECTEEOEOGCACGTIAATAGTATAGT TOGTGOGAGEEAGCGAGGAGGTAGEEA
COGAGGT TGCTACGGEE0EEGECTACTCTGCTAEEAAGACTATCTGOCTGAAGATEECATGTGAGT TGGATGATATGGT TAGACGCTEEAAGAGGT TGAAGCTGEOGTCTGTIGAGACCTACCOGOGTCACGCACGAAGGAGEOGIAGGAGTAG
OCCAGCTTGT TGACCAGCTOEEOGEGTGACCTECACGTCTAGEEOECAGTAGTCCAGEGT TTACTTGATGATGTCATACT TATGCTGTOOC CCACAGCTOCEOGGTTGAGGACAAACTCTTAEOSGTCTTTACAGIACTCTTGG

ATCATCTCOO0E0EE0GACEEECATEGETCTARGTGACEEE0EE00GT TCTOR0EEEEE0CAGT TAGAAGACGEIOEC
mmATmmmWTAWM@WWWWWA@AWWWWWT@WWW@A
AGGOGTCTAACCAGICACAGTOECAAGGTAGECTGAGCACIGTEEEEE0EECAGIEEE0EE0EGTAREEGT TGT TTCTEEOECAGGTECTGCTGATGATGIAAT TAAAGTAGEOGGTCT TGAGACEEOGGATGGTOGACAGAAGCACCA
TGTACTTGEGTA0GEEOCTECTGAATGOECAGEOEGTAEE0CATEO00CAGGCT TAGT TTTGACATOGGEOGCAGGTCI TTGIAGIAGTCTTGCATGAGOCT TTCTAGOGGCACT TCTTCTTCTACT TACTCT TGTOCTGCATCTCT TGCAT
CTATOECTGOEE0EE0EE0EEAGT TTEEOOGTAGGTGEOE00CTCT TACTOOCATGOGTGTGACOOOGAAGOOOCTCATAEECTGAAGCAGEECTAGGTOREOGACAACGOGCTAEECTAATATGECCTGCTGCACCTAOGTGAGSGIAG
ACTGGAAGTCATOCATGTCCACAAAGOGGTGGTATGOE000GTGI TGATAGTGIAAGTGCAGT TREOCATAAGGEGACCAGT TAAGGGTCTGGTGACCOEECTEOGAGAGCTAGGTGIACCTGAGACEOGAGIAAGICCTAGAGTCAAATA
CGTAGIGGT TACAAGTCOGCACCAGGTACTGGTATCOCACCAAAAAGTEOGEEIEE0EECTEEOEGTAGAGEEEICAGIGTAGEETEEO0EEEECTCOGEEEEE0GACGATCT TACAACATAAGGEOCATGATATAOGTAGATGIACCTGGACA

\GEOG0E0ECAAAGTOEOGECACEOCGTTACAGAT \TGGTTGACGCTCTAGOGTCCAAAAGGAG

\TOCECCAGOEGT TACTEOECEAGGAGCACTTTGAGTBOGACEOEOEAACIEEGEATTAGTCOOE0E0E0ECACACGTGEIEEC

GO0GACCTGGTAACGOGCATACGAGCAGAGCGTGAACCAGEAGATTAACT TTCAAAAAAGCT TTAACAACCACGTGOGTACECT TGTEEOE0E0GAGGAGGTGECTATAGGACTGATACATCTGTGECACT TTGIAAGOGOGECTGGAGCAA

AACCCAAATAGCAAGOOCCTCATGEOGCAGCTGT TACTTATAGTGCAGCACAGCAGGEGACAAGGAGGECAT TCAGGEGATGORCTGCTAAACATAGTAGAGOOOGAGEEO0GECTAECTECTAGAT TTGATAAACATCCTGCAGAGCATAGTG

GIGCAGGAGIGCAGCT TGAGOCTGECTGACAAGGTGEOOEOCATCAACTAT TACATGCTTAGOCTGEECAAGT TTTACGOOOGCAAGATATACCATACCOCTTAGGT TAOCATAGACAAGGAGGTAAAGATAGAGEGEGT TCTACATGOC
\GOGTGAGOOEE0EE0E0GAGCTCAGTGAGIEOGAS

\CEECECTGIEEEEEGETEIEEECTAXCACAGEIGACOEOE0GAQIGTGICT
ACTOGOECCTGT TACTACTGCTAATAGOGEOOCT TCAGGGACAGTEECAGOGTGTOOOEECEACACATACCTAGGTCACT TACTGACACTGTACOGOGAGEOCATAGGTCAGEORCATGTGGACGAGCATACT TTGCAGGAGATTACAAGTG
\CAGGACA \TQOCCTOGT TACACAGT TTAAACAGOGAGGAGGAGCECATTTTAORCTAGGTGCAGCAGAGIGTGAGIC

TCAGOOE0E0ECTEEEECAS GAl

TTAACCTGATGOG0GACGEEGTAACEOOCAGOGTGEEOGCTCEACATGACOEOGEOGCAACATEEAACOGEEECATGTATGOCTCAAACOGEGEOOGT TTATCAACOGOCTAATGGACTACT TACATOEOGEOGEE00G00GTGAACOOCCAGIATT
TCACCAATGOCATCT TGAACOOGCACTGECTACOGEOO0CCTEGT TTCTACACOGEEECAT TAGAGGTEOOCGAGEGTAACGATGEAT TACTCTEEGACGACATAGACGACAGOGTGI TTTOOOCECAACOECAGACCCTCGCIAGAGI TGC
AACAGOGOGAGCAGGECAGAGEOEEIECTEOIAAAGGAAAGCT TAOGCAGGEOCAAGCAGCT TGIGOGATCTAGEOGCTEOEEO000G0EGTCAGATCECTAGTIAGOOCAT TTACAAGCTTGATAGGGTCTCTTAGCAGCACTAGCACCACC

Figure 6. Putative Sequence of pEVE
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\( TAGCCACGTCE0CACOE3 \
(OB0GEGTATTGICACTGTRO0000CAGGTOCAGRGAGGAGIGEI0C0NECA GLAGCOEIGGAT TAGTACTATGACTCAGRGTOECAGRCGEAACTGIATTGEGTCORIGACTOGGT AGIRGCCTGOEAGTRONIGIGARCAT.
A G A A AT AT AT T A A UG eGSO A TGO GISOMAATOMAAGAGAGATCCTODAGTOTOGUISAGATCATEGI
(QGAAGAAGGAAGAGCAGGATTACAACCONIGAAAGCTAAAGIEGGTCAAAAAGAAAAAGAAACGATCGATGATGA

priesecieorceescececieseiceceececescee.l \TQGT TGOGEE000GTAGOCAGTGECAACTGECAAAGCACACTGAACAGC
ATCGTGEGTCTEEEEGTECAATAOCTGAAGOBOOGACGATGCT TCTGATAGCTAACGTGTOGTATGTGTGTCATGTATGOGTOCATGTOGOO0ECCAGAGGAGCTGCTGAGOOGEO0GE0GE0GE000GCT TTACAAGATGECTACOOCT TAGAT
GATGOOECAGTGGTCTTACATGCACATCTOEGEE0CAGGACEOCTAEGAGTIACCTGAGOO0OEEECTEGETGCAGT TTEOC0E0GECCACCGAGAGGTACT TCAGCCTGAATAACAAGT TTAGAAAGCOCACGGTGEOGE0CTACGCACCGACGT
GAQCACAGAGOGGTOOCAGOGTTTGAGGCTGOGEGT TCATOOCTGTGGACOGTGAGGATACTGOGTACTOGTACAAGEOEOEGT TCACOCTAGCTGTGEGTGATAACOGTGTGCTGEACATGECTTACAGGTACT TTGACATOOGOEEGT
GCTGGACAGEEEOCCTACTTTTAAGCOCTACTCTGECACTGOCTACAAGGOOCTAECTAOCAAGEGTGOOOCAAATACT TAOGAATGECATGAAGCTACTACTGCTCT TGAAATAAACCTAGAAGAAGAGGACGATGACAACGAAGACGA
AGTAGACGAGCAAGCTGAGCAGCAAAAAACTCACGTATTTGEECAGEOCECCTTATTCTGGTATAAATAT TACAAAGGAGCEGTAT TCAAATAGGTGTAGAAGGTCAAACACCTAAATATGOOGATAAAACAT TTCAACCTGAACCTCAAAT
AGGAGAATCTCAGTAGTACGAAACAGAAAT TAATCATGCAGCTAEGAGAGTACTAAAAAAGACTACOOCAATGAAAQCATGT TAGGGT TCATATGCAAAACOCACAAATGAAAATECAGEECAAGECATTCTTGIAAAGCAACAAAATGG
AAAGCTAGAAAGTCAAGTGEAAATCCAATTTTTCTCAACTACTGAGGECAGOOCCAGECAATGGTGATAACT TGACTCCTAAAGTGGTATTGTACAGTGAAGATGTAGATATAGAAACCOCAGACACTCATATTTCTTACATGOOCACTAT
TAAGGAAGGTAACTCACGAGAACTAATGEECCAACAATCTATGOOCAACAGEOCTAATTACAT TGCTTTTAGEGACAATTTTATTGGTCTAATGIATTACAACAGCACCGGTAATATGEGTGT TCTGEOGEE0CAAGCATOECAGT TGAA
TCCTGTTGTAGATTTGCAAGACAGAAACACAGAGCTTTCATACCAGCTTTTGCT TGAT TOCATTGGTGATAGAACCAGGTACT TTTCTATGTGGAATCAGECTGT TGACAGCTATGATOCAGATGTTAGAAT TATTGAAAATCATGGAAC
TGAAGATGAACTTACAAATTACTCCTTTACACTGECAGGTGTGATTAATACAGAGACTCTTACCAAGGTAAAACCTAAAACAGGTCAGGAAAATCGATEECAAAAAGATECTACAGAATTTTCAGATAAAAATGAAATAAGAGT TGGAAA
TAATTTTGOCATGGAAATCAATCTAAATGOCAACCTGTGGAGAAAT TTACTGTACTOCAACATAGOCCTGIAT TTGOOOGACAAGCTAAAGIACAGTACT TACAAGGTAAAAATTTCTGATAAGCCAAACACCTACGACTACATGAACAA
GOGAGTGGTGECTO00EEECTAGTGGACTGCTACAT TAACCT TGGAGCACGECTGGTOOCT TGACTATATGGACAACGTCAACQCCAT TTAAGCACCAGOGCAATGCTGEOCTGOGCTACOGCTCAATGI TACTGEECAATGGTACCTATGT
GOOCTTOCACATACAGGTGOCTCAGAAGT TCTTTGOCATTAAAAACCTACT TCTOCTGOOEEECTCATACACCTACGAGTGGAACT TCAGGAAGGATGT TAACATGGT TCTGCAGAGCTOOCTAGGAAATGACCTAAGEGT TGAGGGAGC
CAGCATTAAGT TTGATAGCAT TTGOCT TTAGGOCACCT TCT TAOOCATGEO0CACAACAQOGEOCTACACGCT TGAGGOCATGCTTAGAAACGACACCAACGACCAGTACT TTAACGACTATCTCTOOGOOGOCAACATGCTCTACOCTAT
ACOOBOCAACGCTACCAAGGTGOOCATATOCATAOOCTAOOGECAACTGEEOGECT T TOOEOGEECTEEE0CT TCAGBOBOCT TAAGACTAAGEAAACQCOCATCACTGEECTABEECTACGACOCT TATTACAQCTACTCTGECTCIATACC
CTAQCTAGATGGAACCTTTTACCTCAAGCACACCTTTAAGAAGGTGEOCATTACCT TTGACTCT TCTGTCAGCTGEEOCTEECAATGAGOBOCTGCTTAGOOOCAACGAGT TTGAAATTAAGOGCTCAGT TGACGGEEGAGEGTTACAAGGT
TGOOCAGIGTAACATGACCAAAGACTGGT TACTGGTACAAATGCTAGCTAACTATAACAT TGECTACCAGEGECT TCTATATOOCAGAGAGCTACAAGGACOGECATGTACTCOCTTCT TTAGAAACT TOCAGOCCATGAGOOGTCAGGTGET
GGATGATACTAAATACAAGGACTACCAACAGGTGEECATOCTACACCAACACAACAACTCTGGATTTGT TAECTACCT TACOOOCACCATEOECGAAGGACAGGEOCTACOCTGCTAACT TAOOCTATOOCCT TATAGGCAAGACOGCAGT

TOEEE0CE00GATATCTTGAA( \GTTGOGATACACAGGGT TGCAGCACTGEAACACTATCAGOEO0EEGTAGETECACECTEEOCAGCACECTCT TGTOGEGAGATCAGATAOEOGTACAGG
\GCTGOCTTAOCAAAAAGEEOGOGTAOOCAGECT TTGAGT TACACTOGCACUGTAGIGECATCAAAAGGTGACOGTEOCOGGTCTGEE0GT TAGGATACAGOGOCTGCATA
AAAGCCTTGATCTGCTTAAAAGCCACCTGAGOCT TTGOEOCT TCAGAGAAGAACATGOOGECAAGACTTGOOGGAAAACTGAT TGEOOGGACA \TCTGCACCACATTTAGG

\GE00G0GTOGTECACECAGCACCT TAOGTASGIGT TACGAGA]
QO0CAGOGGTTCTTCACQGATCT TEEOCT TECTAGACTGCTOCT TCAGOGEOGE0ECTAOO0GT TT TABCTOGTCACATOCAT TTCAATCACGTGCTOCTTAT TTATCATAATGCT TOOGTGTAGACACTTAAGCTABOCTTAGATCTCAGOG
CAGOGGTECAGOCACAACEOECAGCOOGTEEECTAGTEATCECTTGTAGGTCAQCTCTECAAAQGACTECAGGTACEOCTECAGGAATOEOO0CATCATAGTCACAAAGGTCT TGT TACTAGTGAAGGTCAGCTACAACOOCOGEGTACTAC
TOGTTCAGOCAGGTCT TACATAQGGEOOEOCAGAGCTTACACTTGGTCAGECAGIAGT TTGAAGT TABOCT TTAGATOGT TATGCACGTGGTACT TGTOCATCAGOBEOGE0GE0ECAGOCTACATGOCCT TCTOOCACGCAGACACGATASEC
ACACTCAGOGEGTTCATCAQOGTAATTTCACT T TAOGCT TAGCTGEGECTCT TACTCT TACTCT TGOGTOOGECATACCACEOGOCACTGEGTAGTCT TCAT TCAGCOBO0GECACTGTGOGECTTACCTACT TTGOCATGCTTGATTAGCACC
GGTGEGTTACTGAAAQCCACCATTTGTAGOGOCACATCT TCTCT TTCT TACTORCTGTOCACGAT TAQCTCTAGTGATEE0EEE0ECTOGERCT TAEGAGAAGEEOGCT TCTTTTTCTTCTTAEEOBCAATGEOCAAATOOEO0CB0GAG
GICGATEEO0E0EEECTEEGTGIBOE0EECACCAGOEOGTCTTGTGATGAGTCT TACTAGTACTAGREACTOGATACGOCEOCTCATOOCCT TT T T TEEEEE0E000EEEEAGEIEEIEEIGAEEEAECEEAACACGTACTACATG
GITGEEEGACGTOE0E00ECACOE0GTA0E0ECTAEEEEGTGET TTAE0ECTECTACTCT TAOOGACTGEOCATTTACT TCTACTATAGECAGAAAAAGATCATGEAGTCAGTCEAGAAGAAGGACAGCCTAAGOGOOOOCTCIGAGTTC
GOCACCAGOEOCTACAGOGATEOOE0CAACEOECCTACCACCT TAOOOGTOGAGGECACGOCOOCCT TGAGCAGGAGGAAGTGAT TATGGAGCAGGACOCAGGT TTTGTAAGOGAAGACGACGAGGACOCCTCAGIAGCAACAGAGEATAAA
AAGCAAGACCAGGACAACGECAGAGECAAACGAGGAACAAGTTEEEIEEEEEGACCAAAGECATEEEGACTACCTACATGTEEGAGACCAGGTGCTGT TGAAGCATCTGCAGOGOCAGTGOECAT TATCTAOGACEOGT TRCAAGAGOEC
AGOGATGIGOO0CTOBOCATAGOGGATGTCAGOCT TGOCTACGAACGOCACCTAT TCTCACOGEOGEOGTACCOOCCAAACGOCAAGAAAACGECACATEOGAGOOCAACOOBEOGOCTCAACT TCTACCOOGIATTTGOOGTGOCAGAGGTG
CTTGOCACCTATCACATCTTTTTQCAAAACTGCAAGATACQOOCTATOCTGOOGTEOCAACOGECAGOOGAGOEGACAAGCAGCTGEOCT TAOEECAGEEIGCTGTCATACCTGATATOBOCTAGCTCAACGAAGTGOCAAAAATCTTTGAG
GGICTTEGACEOGACGAGAAGTEOGE0EECAAACGECTCTGCAACAGEAAAACAGTGAAAATGAAAGICACTCTCGAGIGI TEGTEEAACTOGAGGEGTGACAACGIEIEOCTAGOOGIACIAAAAGGCAGHA]

\TQGAGGTCAGOCACTTTGOC
TAGOOGGECACTTAACCTACCOOCCAAGGTCATGAGCACAGTCAT \TQGTEOCE00GTEOECAGOOOCTEEAGAGEGATGCAAATTTECAAGAACAAACAGAGEAGEECTACCIECAGT TREOCACGAGCAGCTAGORIEC
TACTTCAAACQGOGEOGAGOCTAOOGACT TAGAGGAGTGACECAAACTAATGATEEOOECAGTCCTAGT TACOGTGGAGCT TGAGTGCATGCAGOEGT TCT TTACTGAGOUGEGAGATECAGOGECAAGCTAGAGGAAACATTACACTIACACC
TTTOGACAGECECTAQGTACGOCAGEOCTGCAAGATCTOCAA( \TTTTGCACGAAAAQOEOCT TAGEECAAAACGTGCT TCAT TACACGCTCAAGGEEOGAGEIEOEC0GGACTAGGTC

GCACTTOCTAGCGACT TTGTGOOCATTAAGTACCEOGAATEOOCTOOEOOCCT TTEEEEOCACTGCTACCT TCTECAGCTAGOCAACTACCT TGOCTACCACTCTGACATAATGGAAGACGTGAGOGEGTGACGGTCTACTGEAGTGICAC
TGTOGCTGCAACCTATGCAGOOOGECACOECTAOCTGGT TTGCAAT TAGCAGCTGCTTAAGGAAAGTCAAAT TATOGGTACCT TTGAGCTGCAGEGTOOCTOEOCTGACGAAAAGTOOEOGEECTAOEEGEGT TGAAACTCACTAOEGEEECTG
TGGAGGTAGECTTACCTTOECAAA] GAm@ACI’A(rACGII\ACGAGNITAmm@mmmmmmﬂAm&m@mﬂmmﬁ

AATOC0000E00GE00ECAGOOCTATCAGCAGCAGCOGOEEEC0CTTACTTAOCAGGATGECACOTAAAAA

TTCAGTTTTGECTGT TAAAGGCAGT TTGGECTACAATATCTGGAACAGT TCAAAGTGCTCATCTTATTATAAGATTTGACGAAAATGGAGTGCTACTAAACAATTACT TACTGGACOCAGAATATTGGAACT TTAGAAATGGAGATCTTAC
TGAAGGCACAGOCTATACAAAQGCTGT TGGATTTATGOCTAACCTATCAGCT TATACAAAATCTCACGGTAAAACTGOCAAAAGTAACATTGTCAGTCAAGT TTACT TAAACGGAGACAAAACTAAACCTGTAACACTAACGCATTACACT
AAACGGTACACAGGAAACAGGAGACACAACTOCAAGTGCATACTCTATGTCAT TTTCATGGEGACTGGTCTGEOCACAACTACAT TAATGAAATAT TTGOCACATCACTCTTACACT TTTTCATACAT TGOOCAAGAATAAAGAATCGTTTG
TGTTATGTTTCAACGTGT TTATTTTTCAATTGCAGAAAATTTCAAGTCATTTTTCAT TCAGTAGTATAGOOOCACCACCACATAGCT TATACAGATCAGOGTACCT TAATCAAACTCACAGAAQCCTAGTAT TCAACCTGOCACCTACCT
CQOCAACACACAGAGTACACA AAAAAGCATCATATCATGEGTAACAGACATATTCTTAGGTGI TATAT TACACACGGT TTACTGTOGAGOCAAACGCTCATCAGTGATATTAATAAACTGOOOGGEECA
GCTCACTTAAGI TCATGTOGCTGTOCAGCTGCTGAGICACAGECTGCTGTACAACT TAOGEGT TACTTAACGEEOGEEIGAAGGAGAAGTACACEOCTACATGEEEEGTAGAGTCATAATOGTGCATCAGGATAGEGEOEGTGGTGCTGCAGCA

Figure 6 (contined). Putative Sequence of pEVE
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GOB0GEOGAATAAACTGECTEOOE00E00GECTAOGTACTECAGGAATACAACATGECAGTGGTCTOCTCAGOGATGAT TOECACOEOOOGECAGCATAAGEOECCT TGTOCTAOEGEECACAGCAGOGCACCCTGATCTCACTTAAATCAGCAC
AGTAACTGCAGCACAGCACCACAATATTGT TCAAAATOOCACAGTGCAAGEOECTGTATACAAAGCTCATEEOEEECEACCACAGAACOCACGTGEOCATCATACCACAAGOCCAGGTAGATTAAGTGEOGACOCCTCATAAACACCCTGG
ACATAAACATTACCTCTTTTGECATGI TGTAAT TCACCACCTOOOEGTACCATATAAACCTCTGAT TAAACATGEOGEOCATOCACCACCATOCTAAACCAGCTGEOCAAAACCTGOOOCOOEECTATACACTGCAGEGAACOEEEACTGG
AACAATGACAGTGGEAGAGOOCAGGACTOGTAACCATGGATCATCATGCTOGTCATGATATCAATGT TEBCACAACACAGECACAGGTGCATACACT TACTCAGGATTACAAGCTOCTAOOCEOGT TAGAACCATATGOCAGEGAACAACCC
ATTCCTGAATCAGOGTAAATOOCACACTGCAGEGAAGACCTACCACGTAACTCACGT TGTGCAT TGTCAAAGTGI TACAT TOGEECAGCAGOGGATGATCCTACAGIATGGTAGOGEOGEGT TTCTGTCTCAAAAGGAGGTAGACGATACC
TACTGIACGGAGIGOEO0GAGACAACCCACGATAGTGI TAGTAGTAGTGTCATGOCAAATGEAACCOOGECACGTAGTCATATTTACTGAAGCAAAACCAGGTEOGEEENGTGACAAACAGATCTGOGTCTOOGEGTCTAEOOGCTTAGATAC
TCTGTGIAGIAGT TGTAGTATATOCACTCTCTCAAAGCATOCAGEOE0000CTEECT TASGEGT TCTATGTAAACTOCT TCATGOEOOGECTGOOCTGATAACATOCACCACOECAGAATAAGOCACACOCAGOCAACCTACACATTAGTTC
TCOGAGTCACACACEECAGCGAGIEEEAAGACCTGEAAGAACCATGT TTTTTTTTTTATTGCAAAAGATTATCCAAAACCTCAAAATGAAGATCTATTAAGTGAACCEOGECTAOCOCTAOEGTEEOGTGGTCAAACTCTACAGICAAAGAACA
GATAATGECATTTGTAAGATGT TGCACAATGECTTCAAAAGGECAAACGEOOCTCACGTACAAGTGGEACGTAAAGGECTAAACCCT TCAGGEGTGAATCTOCTCTATAAACAT TACAGCACCT TCAACCATGOOCAAATAATTCTCATCTAG
QCACCTTCTCAATATATCTCTAAGCAAATCOOGAATAT TAAGTCOCGEOCATTGTAAAAATCTGCTACAGAGOEOOCTOCACCT TCAGOCTCAAGCAGOGAATCATGATTGCAAAAAT TCAGGTTACTCACAGACCTGTATAAGATTCAAA
AGOCGAACATTAACAAAAATACOGOGATCOOGTAGGTOOCT TASCAGEEOCAGCTGAACATAATOGTACAGGTCTECACEEACCAGOGEOEENCACT TAOOCEOCAGCGAACCATGACAAAAGAACCCACACTGATTATGACAGSCATACTC
GGACCTATGCTAACCAGOGTAGOOOOCATGTAACCT TGT TACATEEGEOEECGATATAAAATCECAAGGTGCTECTCAAAAAATCAGECAAAGICTACCECAAAAAAGAAAGCACATOGTAGTCATGCTCATGCAGATAAAGECAGGTAAGC
TCOGGAACCACCACAGAAAAAGACACCATTTTTCTCTCAAACATGTCTGOGEGT TTCTGCATAAACACAAAATAAAATAACAAAAAAACATTTAAACATTAGAAGCCTGTCTTACAACAGGAAAAACAACCCT TATAAGCATAAGACEGA
CTACGEOCATEO0CEEGTCACOGTAAAAAAACTGGTCACOGTGATTAAAAAGCACCACOGACAGCCTCCTASGTCATGTCOCGAGTCATAATGTAAGACTOSGTAAACACATCAGGT TGATTCACATOSGTCAGTGCTAAAAAGOGACTGA
AATAGOOOCGEECEGAATACATACOOECAGEOGTAGAGACAACAT TACAGOOCCCATAGGAGGTATAACAAAAT TAATAGCAGAGAAAAACACATAAACACCTGAAAAACCOCTCCTGOCTAGECAAAATAGCACOCTAOOGCTACAGAACAA
CATACAGOGCT TOCACAGOGEECAGOCATAACAGTCAGCCTTACCAGIAAAAAAGAAAACCTATTAAAAAAACACCACTOGACACEECACCAGCTCAATCAGTCACAGTGTAAAAAAGGEEOCAAGTGCAGAGTGAGTATATATAGGACTAA

AATTAACGATTCAAGCTTAAGTAAGTGACTAGAACT TGTTTATTGCAGCTTATAATGGT TACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGT TGTGGT TTGTACAAACTCATCTGCAGAT
CTGAATTTAACTATAACGGTACTAAGGTAGOGAAAGCTCAGATOOCAGCT TTTGT TAOCT TTAGTGAGGGT TAAT TGOBOGCT TABOGTAATCATGGTCATAGCTGT TTACTGTGTGAAATTGT TATOOGCTCACAATTACACACAACAT
ACGAGOOGEEGAGCATAAAGTGIAAAGCCTAEEGTCOCTAATGAGTGAGCTAACTCACAT TAAT TAOGT TAOGCTCACTEOOOGECT TTACAGTOEEGAAACCTGTAGTEOCAGCTGCAT TAATGAATOEEOCAACEOEOEEEGEAGAGCEISG
TTTCOGTATTAEECCTCT TAOGECT TACTACCTCACTGACTOCCTAOECTASGTAGT TACECTEOEEICAGCOGEGTATCAGCTCACTCAAAGEOSGTAATACEGT TATCCACAGAATCAGEGECATAACGECAGGAAAGAACATGTGAGCAAA
AGEOCAGCAAAAGGEOCAGGAAGOGTAAAAA( \TAGGCTOOE0000CCTGACGAGCATCACAAAAATOGACGCTCAAGTCAGAGGTGEOGAAACGCOGACAGGEACTATAAAGATACCAGEOGTTTAOOC
TGGAAGCTOOCTOGTGOECTCTOCTGT TAOGACOCTEOOCECT TAQOGGATACCTGTAOECCT T TCTAOCT TOGGEAAGOGTGEOECT T TCTCATAGCTCACCCTGIAGGTATCTCAGT TAGGTGIAGGTOGT TAGCTACAAGCTEECTG
TGTGCACGAACCOOO0GT TCAGCIOGACOECTEOECTTATOOSGTAACTATOGTCT TGAGTACAACOOGGTAAGACACGACT TATGEOCACTGECAGCAGOCACTGGTAACAGGATTAGCAGAGOGAGGTATGTAGEOGGTECTACAGA
GITCTTGAAGTGGTGEOCTAACTACGECTACACTAGAAGGACAGTATT TAGTATCTGOGCTCTGCTGAAGOCAGT TACCT TAGGAAAAAGAGT TAGTAGCTCT TGATAOGECAAACAAACCACOGCTGGTAGOSGIGGI TTTITIGITIG
CAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTAC

Figure6 (cont). Putative Sequence of pEV E. Theampicilin resistance geneisin blue; the Pacl sitesarein green; theinverted
terminal repeatsarein black; LoxPsites arein magneta; the packaging siteisin yellow; the CMV promoter isin black and the TATA
box isin green; the CymR binding siteisin red; the E2 Late Leader isin cyan; the Cre and EGFP open reading frames are in blue;
IRESisin green; the PI-Scel and I-Ceul sitesarein green; and the origin of replication isin cyan. The sequence between the Pl-Scel
siteand the 3' inverted terminal repeat are viral sequences from Adeno-X: Adeno-X has not been sequenced in its entirety; Adeno-

X sequences were obtained from the BD Sciences web site

digested with Spel and Smal, and the CoE-CIE insert was
ligated into the pBS PITR_LA5SL_SC backbone to
generatepBS PITR_LA5L_ CoE-CIE_SC. Thesequence
isshown in Figure 4.

Construction of pSH_SPC:
pShuttle2 was digested with EcoRI and Sapl, blunted

GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATC
AAAAAGGATCTTCACCTAGATCCTTTTGATCCTCCGGCGTTCAGCCTGTGCCACAGCCGA
CAGGATGGTGACCACCATTTGCCCCATATCACCGTCGGTACTGATCCCGTCGTCAATAAA
CCGAACCGCTACACCCTGAGCATCAAACTCTTTTATCAGTTGGATCATGTCGGCGGTGTC
GCGGCCAAGACGGTCGAGCTTCTTCACCAGAATGACATCACCTTCCTCCACCTTCATCCT
CAGCAAATCCAGCCCTTCCCGATCTGTTGAACTGCCGGATGCCTTGTCGGTAAAGATGCG
GTTAGCTTTTACCCCTGCATCTTTGAGCGCTGAGGTCTGCCTCGTGAAGAAGGTGTTGCT
GACTCATACCAGGCCTGAATCGCCCCATCATCCAGCCAGAAAGTGAGGGAGCCACGGTTG
ATGAGAGCTTTGTTGTAGGTGGACCAGTTGGTGATTTTGAACTTTTGCTTTGCCACGGAA
CGGTCTGCGTTGTCGGGAAGATGCGTGATCTGATCCTTCAACTCAGCAAAAGTTCGATTT
ATTCAACAAAGCCGCCGTCCCGTCAAGTCAGCGTAATGCTCTGCCAGTGTTACAACCAAT
TAACCAATTCTGATTAGAAAAACTCATCGAGCATCAAATGAAACTGCAATTTATTCATAT
CAGGATTATCAATACCATATTTTTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCAC
CGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAA
CATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCAC
CATGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTT
GTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTAT
TCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGACAATTAC
AAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTCAC
CTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGGGGATCGCAGTGGTGA
GTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATT
CCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGC
CATGTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATACAATCGATAGATTGTCGCAC
CTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGG
AATTTAATCGCGGCCTCGAGCAAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTG
TATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTG
CAATCCCGGGCCCTGCAGGCCTCAGCGGCCGCTCTTCATTTAAATGTTAACATTAAAATC
AGAAATTATTACCCCTACGCGACATTAACATTACTTCTGGTTTAAACGGCGCGCCGCGAT
CGCGGCCTGGGCTACCTTAAGAGAGCCGGCCACATCAGAGATTTTGAGACACATTACCCT
GTTATCCCTAGGTAGCGAAAGCTCAGATCACCCATAATACCCATAATAGCTGTTTGCCAA
CCCATAATACCCATAATAGCTGTTTGCCAGATCTGAATTCATCTATGTCGGGTGCGGAGA
AAGAGGTAATGAAATGGCATTATGGGTATTATGGGTCTGCATTAATGAATCGGCCATAAC
TATAACGGTCCTAAGGTAGCGAAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCT
TCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCA
GCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAAC
ATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTT
TTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGG
CGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGC
TCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGC
GTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCC
AAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAAC
TATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGT
AACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCT
AACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACC
TTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGT
TTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTG
ATCTTTTCTAC

Figure 7. Putative Sequence of pSH_PSPSC. The
kanamycin resistance gene is in blue; the I-Ppol, I-Scel, PI-
Pspl, Pl-Scel and I-Ceul sites are in green (the PI-Pspl site
inserted in duplicate); and the origin of replication isin cyan.
After digestion of pSH_CSwith BsrDI, a"G" residue was lost
during the blunting reaction. After digestion of pSH_PSPSwith
Faul, a"C" residue was lost during the blunting reaction
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and dephosphorylated, and an |-Ceul site (5'-
TAACTATAACGGTCCTAAGGTAGCGA-3') was
ligated into the pShuttle backbone. This construct wasthen
digested with BstXl and Kpnl, blunted and
dephosphorylated, and aPacl site (5-GTTACTACGTTA
ATTAACGATT-3') was ligated into the backbone. This
construct wasthen digested with Dral |l and Xbal, blunted

GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATC
AAAAAGGATCTTCACCTAGATCCTTTTGATCCTCCGGCGTTCAGCCTGTGCCACAGCCGA
CAGGATGGTGACCACCATTTGCCCCATATCACCGTCGGTACTGATCCCGTCGTCAATAAA
CCGAACCGCTACACCCTGAGCATCAAACTCTTTTATCAGTTGGATCATGTCGGCGGTGTC
GCGGCCAAGACGGTCGAGCTTCTTCACCAGAATGACATCACCTTCCTCCACCTTCATCCT
CAGCAAATCCAGCCCTTCCCGATCTGTTGAACTGCCGGATGCCTTGTCGGTAAAGATGCG
GTTAGCTTTTACCCCTGCATCTTTGAGCGCTGAGGTCTGCCTCGTGAAGAAGGTGTTGCT
GACTCATACCAGGCCTGAATCGCCCCATCATCCAGCCAGAAAGTGAGGGAGCCACGGTTG
ATGAGAGCTTTGTTGTAGGTGGACCAGTTGGTGATTTTGAACTTTTGCTTTGCCACGGAA
CGGTCTGCGTTGTCGGGAAGATGCGTGATCTGATCCTTCAACTCAGCAAAAGTTCGATTT
ATTCAACAAAGCCGCCGTCCCGTCAAGTCAGCGTAATGCTCTGCCAGTGTTACAACCAAT
TAACCAATTCTGATTAGAAAAACTCATCGAGCATCAAATGAAACTGCAATTTATTCATAT
CAGGATTATCAATACCATATTTTTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCAC
CGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAA
CATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCAC
CATGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTT
GTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTAT
TCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGACAATTAC
AAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTCAC
CTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGGGGATCGCAGTGGTGA
GTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATT
CCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGC
CATGTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATACAATCGATAGATTGTCGCAC
CTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGG
AATTTAATCGCGGCCTCGAGCAAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTG
TATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTG
CAATGTAACATCAGAGATTTTGAGACACAACGTGGCTTTGTTGAATAAATCGAACTTTTG
CTGAGTTGAAGGATCAGATCACGCATCTTCCCGACAACGCAGACCGTTCCGTGGCAAAGC
AAAAGTTCAAAATCACCAACTGGTCCACCTACAACAAAGCTCTCATCAACCGTGGCTCCC
TCACTTTCTGGCTGGATGATGGGGCGATTCAGGCCTGGTATGAGTCAGCAACACCTTCTT
CACGAGGCAGACCTCAGCGCTAGATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAG
CGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCC
CCGAAAAGTGCCACCTGACGTAACTATAACGGTCCTAAGGTAGCGAAAGCTCAGATCGTG
TCTCAAAATCTCTGATGTGGCCGGCCAGGCCGCGATCGCGGCGCGCCGTTTAAACCAGAA
GTAATGTTAATGTCGCGTAGGGGTAATAATTTCTGATTTTAATGTTAACATTTAAATGAA
GAGCGGCCGCTGAGGCCTGCAGGGCCCGATCTGAATTCATCTATGTCGGGTGCGGAGAAA
GAGGTAATGAAATGGCATTATGGGTATTATGGGTCTGCATTAATGAATCGGCCAACGCGC
GGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCG
CTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATC
CACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAG
GAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCA
TCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCA
GGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGG
ATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAG
GTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGT
TCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACA
CGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGG
CGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATT
TGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATC
CGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCG
CAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTAC

Figure 8. Putative Sequence of pSHCB. The kanamycin
resistance gene is in blue; the PI-Scel and |-Ceul sites are in

green; the sequencesobtained from pSH_CST-BsrDI arein cyan;
and the origin of replication isalso in cyan



Construction of a Multi-Functional Helper-Dependent Adenovirus Based System for Cancer Gene Therapy

GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATC
AAAAAGGATCTTCACCTAGATCCTTTTGATCCTCCGGCGTTCAGCCTGTGCCACAGCCGA
CAGGATGGTGACCACCATTTGCCCCATATCACCGTCGGTACTGATCCCGTCGTCAATAAA
CCGAACCGCTACACCCTGAGCATCAAACTCTTTTATCAGTTGGATCATGTCGGCGGTGTC
GCGGCCAAGACGGTCGAGCTTCTTCACCAGAATGACATCACCTTCCTCCACCTTCATCCT
CAGCAAATCCAGCCCTTCCCGATCTGTTGAACTGCCGGATGCCTTGTCGGTAAAGATGCG
GTTAGCTTTTACCCCTGCATCTTTGAGCGCTGAGGTCTGCCTCGTGAAGAAGGTGTTGCT
GACTCATACCAGGCCTGAATCGCCCCATCATCCAGCCAGAAAGTGAGGGAGCCACGGTTG
ATGAGAGCTTTGTTGTAGGTGGACCAGTTGGTGATTTTGAACTTTTGCTTTGCCACGGAA
CGGTCTGCGTTGTCGGGAAGATGCGTGATCTGATCCTTCAACTCAGCAAAAGTTCGATTT
ATTCAACAAAGCCGCCGTCCCGTCAAGTCAGCGTAATGCTCTGCCAGTGTTACAACCAAT
TAACCAATTCTGATTAGAAAAACTCATCGAGCATCAAATGAAACTGCAATTTATTCATAT
CAGGATTATCAATACCATATTTTTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCAC
CGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAA
CATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCAC
CATGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTT
GTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTAT
TCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGACAATTAC
AAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTCAC
CTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGGGGATCGCAGTGGTGA
GTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATT
CCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGC
CATGTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATACAATCGATAGATTGTCGCAC
CTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGG
AATTTAATCGCGGCCTCGAGCAAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTG
TATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTG
CAATGTAACATCAGAGATTTTGAGACACAACGTGGCTTTGTTGAATAAATCGAACTTTTG
CTGAGTTGAAGGATCAGATCACGCATCTTCCCGACAACGCAGACCGTTCCGTGGCAAAGC
AAAAGTTCAAAATCACCAACTGGTCCACCTACAACAAAGCTCTCATCAACCGTGGCTCCC
TCACTTTCTGGCTGGATGATGGGGCGATTCAGGCCTGGTATGAGTCAGCAACACCTTCTT
CACGAGGCAGACCTCAGCGCTAGATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAG
CGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCC
CCGAAAAGTGCCACCTGACGTAACTATAACGGTCCTAAGGTAGCGAAAGCTCAGATCGTG
TCTCAAAATCTCTGATGTGGCCGGCCAGGCCGCGATCGCGGCGCGCCGTTTAAACCAGAA
GTAATGTTAATGTCGCGTAGGGGTAATAATTTCTGATTTTAATGTTGGTTTAAACCAATT
GGTTTAAACCAATTAACATTTAAATGAAGAGCGGCCGCTGAGGCCTGCAGGGCCCGATCT
GAATTCATCTATGTCGGGTGCGGAGAAAGAGGTAATGAAATGGCATTATGGGTATTATGG
GTCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTT
CCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAG
CTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACA
TGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTT
TCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGC
GAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCT
CTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCG
TGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCA
AGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACT
ATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTA
ACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTA
ACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCT
TCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTT
TTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGA
TCTTTTCTAC

Figure 9. Putative Sequence of pSHPB. The kanamycin
resistance gene is in blue; the PI-Scel and |-Ceul sites are in
green; the sequencesobtained from pSH_CST-BsrDI arein cyan;
the Pmel site contained within this sequence is in black; the
Pmel sites inserted into the Hpal site of pSHCB are also in
black; and the origin of replicationisin cyan

and dephosphorylated, and aPl-Scel site (5-ATCTATGT
CGGGTGCGGAGAAAGAGGTAATGAAATGGCA-3)
was ligated into the backboneto generate pSH_SPC. The
sequence of pSH_SPC isshown in Figure 5.

Construction of pSH_AdX:

pAdeno-X_EGFPwas digested with PI-Scel and Pacl.
pSH_SPC was digested with PI-Scel and Pacl, and the
AdX sequence was ligated into the pSH_SPC backbone
to generate pSH_AdX.

Construction of pEVE:

pSH_AdX was digested with PI-Scel and |-Ceul.
pBS PITR LA5L_ CoE-CIE_SC was digested with PI-
Scel and I-Ceul, and the AdX sequence was ligated into
thepBS PITR LASL CoE-CIE_SC backboneto generate
PEV E. The sequence of pEVE isshown in Figure 6.

Construction of the helper adenovirus-dependent vector
(ADMM)

During construction of ADMM, newly cloned DNA
was sequenced initsentirety. However, inthelater stages
of construction, only ligation junctions were sequenced
and restriction digestion (primarily with Sacl) was used
assess the constructs.

GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATC
AAAAAGGATCTTCACCTAGATCCTTTTGATCCTCCGGCGTTCAGCCTGTGCCACAGCCGA
CAGGATGGTGACCACCATTTGCCCCATATCACCGTCGGTACTGATCCCGTCGTCAATAAA
CCGAACCGCTACACCCTGAGCATCAAACTCTTTTATCAGTTGGATCATGTCGGCGGTGTC
GCGGCCAAGACGGTCGAGCTTCTTCACCAGAATGACATCACCTTCCTCCACCTTCATCCT
CAGCAAATCCAGCCCTTCCCGATCTGTTGAACTGCCGGATGCCTTGTCGGTAAAGATGCG
GTTAGCTTTTACCCCTGCATCTTTGAGCGCTGAGGTCTGCCTCGTGAAGAAGGTGTTGCT
GACTCATACCAGGCCTGAATCGCCCCATCATCCAGCCAGAAAGTGAGGGAGCCACGGTTG
ATGAGAGCTTTGTTGTAGGTGGACCAGTTGGTGATTTTGAACTTTTGCTTTGCCACGGAA
CGGTCTGCGTTGTCGGGAAGATGCGTGATCTGATCCTTCAACTCAGCAAAAGTTCGATTT
ATTCAACAAAGCCGCCGTCCCGTCAAGTCAGCGTAATGCTCTGCCAGTGTTACAACCAAT
TAACCAATTCTGATTAGAAAAACTCATCGAGCATCAAATGAAACTGCAATTTATTCATAT
CAGGATTATCAATACCATATTTTTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCAC
CGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAA
CATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCAC
CATGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTT
GTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTAT
TCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGACAATTAC
AAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTCAC
CTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGGGGATCGCAGTGGTGA
GTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATT
CCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGC
CATGTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATACAATCGATAGATTGTCGCAC
CTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGG
AATTTAATCGCGGCCTCGAGCAAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTG
TATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTG
CAATGTAACATCAGAGATTTTGAGACACAACGTGGCTTTGTTGAATAAATCGAACTTTTG
CTGAGTTGAAGGATCAGATCACGCATCTTCCCGACAACGCAGACCGTTCCGTGGCAAAGC
AAAAGTTCAAAATCACCAACTGGTCCACCTACAACAAAGCTCTCATCAACCGTGGCTCCC
TCACTTTCTGGCTGGATGATGGGGCGATTCAGGCCTGGTATGAGTCAGCAACACCTTCTT
CACGAGGCAGACCTCAGCGCTAGATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAG
CGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCC
CCGAAAAGTGCCACCTGACGTAACTATAACGGTCCTAAGGTAGCGAAAGCTCAGATCGTG
TCTCAAAATCTCTGATGTGGCCGGCCAGGCCGCGATCGCTGATTTGTTTAAACTGATATT
TAAATTCTGATCCACGTGTGAATTGGTTAACCAAAAGACACGTGGATTACTATTTAAATA
TTAGTTTAAACTGATTACGAAGAGCTGAGGCCTGCAGGGCCCGGGCATTGCACAAGATAA
AAATATATCATCATGGATCTGAATTCATCTATGTCGGGTGCGGAGAAAGAGGTAATGAAA
TGGCATTATGGGTATTATGGGTCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGG
TTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCG
GCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGG
GGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAA
GGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCG
ACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCC
TGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGC
CTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTC
GGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCG
CTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCC
ACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGA
GTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGC
TCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAAC
CACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGG
ATCTCAAGAAGATCCTTTGATCTTTTCTAC

Figure10. Putative Sequence of pSHcnB. Thekanamycin
resistance gene is in blue; the PI-Scei and [-Ceul sites are in
green; the inserted oligomers are in cyan; and the origin of
replication isaso in cyan

Construction of pSH_PSPSC:

pShuttle2 was digested with Xbal and Spel and
recircularized to generate pSH_CS. The oligomers5-GG
CCGGCCAGGCCGCGATCGCGGCGCGCCGTTTAA
ACCAGAAGTAATGTTAATGTCGCGTAGGGGTAAT
AA-3 and 5-CTACGCGACATTAACATTACTTCTGG
TTTAAACGGCGCGCCGCGATCGCGGCCTGGCCGG
CC-3 were annealed together, and the oligomers 5-TTT
CTGATTTTAATGTTAACATTTAAATGAAGAGCGGC
CGCTGAGGCCTGCAGGGCCCGGG-3 and 5'-CCCG
GGCCCTGCAGGCCTCAGCGGCCGCTCTTCATTTAA
ATGTTAACATTAAAATCAGAAATTATTACCC-3
wereanneal ed together. pPSH_CSwasdigested with BsrDlI,
blunted and dephosphorylated, and the oligomers were
ligated into the pSH_CS backbone (triple ligation) to
generate pSH_CST-BsrDI. pSH_CST-BsrDI wasdigested
with Bglll, blunted and dephosphorylated, and a PI-Pspl
site (5-ACCCATAATACCCATAATAGCTGTTTGCCA-
3") was ligated into the pSH_CST-BsrDI backbone to
generate pSH_CPS. pSH_CPS was digested with Fsel,
blunted and dephosphorylated, and an 1-Ppol site (5'-
GCTACCTTAAGAGAGCCGG-3) was ligated into the
pSH_CPS backboneto generate pSH_PCPS. pSH_PCPS
was digested with Dralll and I-Ceul, blunted and
dephosphorylated, and an [-Scel site (5-ATTACCCTGT
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GECGTCTGAGGCTCAGTGGAACGAAAACTCACGT TAAGEGATTTTGGTCATGAGATTATCAAAAAGGATCT TCACCTAGATCCTTTTAAATTAAAAATGAAGT TTTAAATCAATCTAAAGTATATATGAGTAAACT TGGTCTGACAGTTA
CQCAATGCTTAATCAGTGAGGCACCTATCTCAGOGATCTGTCTATTTOGT TCATACATAGT TGOCTGACTOOOOGTOGTGTAGATAACTACGATACGGEGAGEECT TACCATCTGEOOOCAGTGCTGCAATGATACOGOGAGACQOCACECTC
ACOGECTOCAGATTTATCAGCAATAAACCAGOCAGOOEGAAGEEOCGAGOECAGAAGTGGTACTECAACT TTATOOGEOCTACATOCAGTCTATTAATTGT TROOGEEAAGCTAGAGTAAGTAGT TAGOCAGT TAATAGT TTGOCCAAGGT
TGITGOCATTGCTACAGGCATOGTGGTGICACCCTOGTOGT TTGGTATGECT TCAT TCAGCTCOGGT TAOCAACGATCAAGGOGAGT TACATGATOCOOCATGT TGTGCAAAAAAGCOGGT TAGCTOCT TASGTACTACGATAGT TGTCAG
AAGTAAGTTGEOOGCAGIGT TATCACTCATGGT TATGGCAGCACTGCATAAT TCTCT TACTGTCATGOCATAOGTAAGATCCT T TCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGOGEOGACCGAGT TACTC
TTGOOOGEOGTCAATACEEGATAATACOGOGECCACATAGCAGAACT TTAAAAGTGCTCATCAT TAGAAAACGT TCT TAGEGEEOCAAAACTCTCAAGGATCT TACOGCTGT TGAGATCCAGT TGGATGTAACOCACTOGTGCACOCAACTG
ATCTTCAGCATCTTTTACTTTCACCAGOGT TTCTGEGTGAGCAAAAACAGGAAGGCAAAATGOOGCAAAAAAGGGAATAAGEEOGACACCGAAATGT TGAATACTCATACTCT TACT T TTTCAATAT TAT TGCAACGCAT TTATCAGEGTTA
TTGTCTCATGAGOGCGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGEEGT TAOBOGCACAT T TAOOOGAAAAGTGOCACCTGATGAOGEGTGTGAAATACOGECACAGATEOGTAAGGAGAAAATACOCECATCAGGAAATTGIAAG
CGTTAATATTTTGTTAAAATTAEOGTTAAATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGEOOGAAATOGECAAAATOOCTTATAAATCAAAAGAATAGACOGAGATAGEGT TGAGTGT TGTTOCAGT TTGGAACAAGAGTCCACT
ATTAAAGAAGGTGCACTOCAACGTCAAAGGEEOGAAAAACOGTCTATCAGEEOGATAEOCCACTACGTGAACCATCACOCTAATCAAGT TTTT TAEEGTACAGGTAOOGTAAAGCACTAAATOCSGAACCCTAAAGEGAGOOOOCGATTTAG
ACCTTGACSEECAAAGCOEEGAACGTEECCACAAAGGAAGEEAAGAAAGCCEAAAGCAGCIEEECECTAGCEEIECTAECAAGTGTAGIEGTCACECTAIEIGTAACCACCACACICECOECCT TAATGEOECOECTACAGEEOEAGTACAT
TOCOCATTCAGECTAOECAACTGT TAEGAAGEECGATARGTEOEEECCTCT TASCTAT TACGOCAGCTEEOGAAAGEEEEATGTACTECAAGEUCATTAAGT TASGTAACGOCAGGEGT TT TAOCAGTCACGAGGT TGTAAAACCACEEC
AGTIGAATTGTAATACGACTCACTATAGEEOGAAT TEEEOCACGTORCATGECTOOOEE0E0CATEE0EE00E0CECAATTAGATT AAAAGOGTEEEEEOOCTACAGCAGOOCTTATCA

TCACCTGOCAGCCACCTAOCTCAGGECTEEECAGECTECACOCTEEECT T TCTGECTAT TAECT TACCAGATAOCTEGAACTACAGCTEEEEOOCTAEECTGTGGTCTGACT TGATACAGAATTTAATGAGTAGAAGGAATGGAAGAAGECT
CATTOOOOCAGOOCTEEACACAGACAGCAGACACAGAGECCTCCAGCACAGTGAAGOCTGTGEAGCAGTTOOCTACAGAATGCAACCT TGTAGGAGEECAGCACCATEEECAGCAACTCAGECTCT TTGAGATCTGACCCAACTACTEG
CACGTTECAGATGTOOCATACACCAGTGT TGAATGAATEECACTGTGTCTAECTAEOOGTAGCAGAAGGAGIGT TCAGTGGTGOEONGTATOCCAAGOOGAGGEOCACAAAATGCT TACAATEECAAAGGAATATGAGAAAAGTGOGTAC
CCTCCTGICAGCTGCATAAAGAGAGACTOOOCCATOCAGTGIATCCAGEOCAT TROGCAAAACAGEEOOGATGCTGTGACOCT TGATGGTGGT TTCATATACGAGECAGEOCTEEOCOOCTACAAACTCOGACCTGTAGOEEOGGAAGTC
\GEEOGECAGCTTTCAGCTGAACGAACTECAAGGTCTGAAGTCCTEOCACACAGEOCT TABCAGGA(

TGCTTATTACAGICTGAAACCAAAAACCTTCTGT TCAATGACAACACTGAGTGTCTGEOCAGACTOCATGECAAAACAACATATGAAAAATAT T TAEGACCACAGTATGTOGCAGECATTACTAATCTGAAAAAGTGCTCAACCTGOOC
CTOCTGGAAGOCTGTGAATTOCTCAGGAAGTAAAACCGAAGAAGATGEOOCAGCTOOCCAAGAAAGOCTCAGOCAT TCACTGOOOCCAGCTCT TCTOOCCAGGTGIGT TEEEECCT TAEOCTAOCCTECTGAAGGTGEEGEATTGOOCATC
CATCTGCTTACAATTOOCTGCTGTAGTCTTAGAATCACTAGTGAAT TABOGEO0COCTECAGGTOGACCATATGEGAGAGCTOOCAACCOGT TAGATGCATAGCT TGAGTAT TCTATAGTGTCACCTAAATAGCT TGEOGTAATCATGGT
CATACCTGITTCCTGTGTGAAATTGT TATGOGCTCACAATTOCACACAACATACGAGOOCGAAGCATAAAGTGTAAAGCCTGEEGTEOCTAATGAGTGAGCTAACTCACATTAAT TAOGT TAOGCTCACTGOOOGCT TTACAGTOGEGAA
ACCTGTOGTEOCAGCTGCATTAATGAATOEEOCAACCOEOEEEEAGAGEOGEGT TTAOGTATTAEEOECTCT TAOECT TACTOGCTCACTGACTOECTEOECTOEGTOGT TASECTGOEE0CAGOCEGTATCAGCTCACTCAAAGEOCGTAA
TACGGTTATOCACAGAATCAGEECATAACECAGEAAAGAACATGTGAGCAAAAGEICAGCAAAAGEOCAGEAACTGTAAAAAGEIXEAGT TACTEEOGT TTTTACATAGGECTOOEC00ACTCGACGAGCATCACAAAAATOGACECTCAA
GTCAGAGGTGEOGAAACIOGACAGCGACTATAAAGATACCAGEOGT TTAOOOCTEEAAGCTAOCTAGTAOECTCTACTGT TAOGACOCTAOOECT TACOECGATACCTGTAOEOCT T TCTAOCT TAGEGAAGOGTGEOGECT TTCTCATAGCT
CACCCTGIAGGTATCTCAGT TASGTGIAGGTAGT TAGCTOCAAGCTEEECTGTGTECACGAACTIO00GT TCAGCOOGACOECTEOGECCT TATAOSGTAACTATAGTCT TCAGTACAACOOSGTAAGACACGACT TATABOCACTGECAG
CAGOCACTGGTAACAGGATTACCAGAGCGAGGTATGTAGEOSGTGECTACAGAGT TCTTGAAGTGGTEEOCTAACTACEECTACACTAGAAGAACAGITAT T TAGTATCTGOCCTCTGCTGAAGOCAGTTA GAGTTGGTA
GCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTAC

Figure 11. Putative Sequence of pPGEM _gamma-lactoferrin (0)GEM _gL F). The ampicillin resistance geneisin blue;
the Gene Racer primer used to clonethe 5' end of gLF isin yellow; the primers used to clone sub-gL F arein red; the ORF of gamma-

lactoferrin isin blue; and the origin of replicationisin cyan

TATCCCTA-3) wasligated into the pSH_PCPS backbone
to generate pSH_PSPS. pSH_PSPS was digested with
Faul, blunted and dephosphorylated, and an I-Ceul site
(5'-TAACTATAACGGTCCTAAGGTAGCGA-3') was
ligated into the pSH_PSPS backbone to generate
pSH_PSPSC. The sequence of pSH_PSPSC is shown in
Figure 7.

Construction of pSHCB:

pSH_CST-BsrDI was digested with Dralll and Smal
and blunted. pSH_CS was digested with Bglll, blunted
and dephosphorylated, and the insert from pSH_CST-
BsrDI wasligated into the pSH_CS backboneto generate
pSHCB. The sequence of pSHCB is shown in Figure 8.

Construction of pSHPB:

pSHCB wasdigested with Hpal and dephosphorylated,
and a Pmel site (5'-AATTGGTTTAAACC-3') was
inserted into the pSHCB backbone to generate pSHPB.
The sequence of pSHPB is shown in Figure 9.

Construction of pSHcnB:
Theoligomers5-GTGTCTCAAAATCTCTGATGTG
GCCGGCCAGGCCGCGATCGCTGATTTGTTTAAAC
TGATATTTAAATTCTGATCCACGTGTGAATTGGTT
AACC-3 and5-CAATTCACACGTGGATCAGAATTT
AAATATCAGTTTAAACAAATCAGCGATCGCGGCCT
GGCCGGCCACATCAGAGATTTTGAGACAC-3 were
anneal ed together, and the oligomers 5-AAAAGACACG
TGGATTACTATTTAAATATTAGTTTAAACTGATTAC
GAAGAGCTGAGGCCTGCAGGGCCCGGGCATTGCA
CAAGATAAAAATATATCATCATG-3 and 5-CATGAT
GATATATTTTTATCTTGTGCAATGCCCGGGCCCTGC
AGGCCTCAGCTCTTCGTAATCAGTTTAAACTAAT
ATTTAAATAGTAATCCACGTGTCTTTTGGTTAAC-
3 were annealed together. pSH_CS was digested with
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Bglll, blunted and dephosphorylated, and the annealed
oligomerswereligated into the pSH_CS backbone (triple
ligation) to generate pSHcnB. The sequence of pSHcnB
is shown in Figure 10.

Construction of pPSHCB_gSTOP, pSHPB_gSTOP, and
pSHcnP_gSTOP:

We had previoudly cloned aputativeintracel lular form
of lactoferrin which we named gamma-lactoferrin (gLF)
(Alexander et al., 2007). Briefly, the cap-selective 5'-
RACE procedure using Invitrogen's GeneRacer Kit was
carried out according to the manufacturer's instructions:
Total RNA was extracted from MRC5 cells using the
Isogen RNA extraction procedure, dephosphorylated,
treated with tobacco acid pyrophosphate, and an RNA
oligonucleotide of known sequence (supplied in the Gene
Racer Kit) wasligated tothe5' end of the RNA. The RNA
was then reverse transcribed using a human lactoferrin
specific primer (5-ATCCTCCTTGCCATTCACAC-3).
Finally, the 5' region of the RNA was amplified using
standard (Left primer, supplied by Invitrogen, 5'-
CGACTGGAGCACGAGGACACTGA-3; Right primer,
annealstolactoferrin, 5-GCCAGATGGCAGTCTTTGA-
3) and nested PCR (Nested left primer, supplied by
Invitrogen, 5-GGACACTGACATGGCTGAAGGAGT
A-3'; Nested right primer, anneals to lactoferrin, 5'-
TTGTCCACTGGCTTCCGAGTGTTGTC 3') and
ligatedinto pGEM -T Easy (pbGEM_5'gLF). The5' region
was sequenced using anABI Prism 3100 Genetic Analyzer
(Applied Biosystems) according to the manufacturer's
instructions. Nearly full length gLF was amplified using
5'-CTCCAGCAGCCCTTATCATC-3' (the left primer
bindstothe5' UTR of gamma-lactoferrin) and 5-CTAAG
ACGACAGCAGGGAATTG-3 (the right primer binds
to the 3‘ UTR of gamma-lactoferrin) and ligated into
pGEM oT Easy (pGEM_sub-gLF) and sequenced. Full
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GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATC
AAAAAGGATCTTCACCTAGATCCTTTTGATCCTCCGGCGTTCAGCCTGTGCCACAGCCGA
CAGGATGGTGACCACCATTTGCCCCATATCACCGTCGGTACTGATCCCGTCGTCAATAAA
CCGAACCGCTACACCCTGAGCATCAAACTCTTTTATCAGT TGGATCATGTCGGCGGTGTC
GCGGCCAAGACGGTCGAGCTTCTTCACCAGAATGACATCACCTTCCTCCACCTTCATCCT
CAGCAAATCCAGCCCTTCCCGATCTGTTGAACTGCCGGATGCCTTGTCGGTAAAGATGCG
GTTAGCTTTTACCCCTGCATCTTTGAGCGCTGAGGTCTGCCTCGTGAAGAAGGTGTTGCT
GACTCATACCAGGCCTGAATCGCCCCATCATCCAGCCAGAAAGTGAGGGAGCCACGGTTG
ATGAGAGCTTTGTTGTAGGTGGACCAGTTGGTGATTTTGAACTTTTGCTTTGCCACGGAA
CGGTCTGCGTTGTCGGGAAGATGCGTGATCTGATCCTTCAACTCAGCAAAAGTTCGATTT
ATTCAACAAAGCCGCCGTCCCGTCAAGTCAGCGTAATGCTCTGCCAGTGTTACAACCAAT
TAACCAATTCTGATTAGAAAAACTCATCGAGCATCAAATGAAACTGCAATTTATTCATAT
CAGGATTATCAATACCATATTTTTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCAC
CGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAA
CATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCAC
CATGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTT
GTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTAT
TCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGACAATTAC
AAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTCAC
CTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGGGGATCGCAGTGGTGA
GTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATT
CCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGC
CATGTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATACAATCGATAGATTGTCGCAC
CTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGG
AATTTAATCGCGGCCTCGAGCAAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTG
TATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTG
CAATGTAACATCAGAGATTTTGAGACACAACGTGGCTTTGTTGAATAAATCGAACTTTTG
CTGAGTTGAAGGATCAGATCACGCATCTTCCCGACAACGCAGACCGTTCCGTGGCAAAGC
AAAAGTTCAAAATCACCAACTGGTCCACCTACAACAAAGCTCTCATCAACCGTGGCTCCC
TCACTTTCTGGCTGGATGATGGGGCGATTCAGGCCTGGTATGAGTCAGCAACACCTTCTT
CACGAGGCAGACCTCAGCGCTAGATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAG
CGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCC
CCGAAAAGTGCCACCTGACGTAACTATAACGGTCCTAAGGTAGCGAAAGCTCAGATCGTG
TCTCAAAATCTCTGATGTGGCCGGCCAGGCCGCGATCGCGGCGCGCCGTTTAAACCGGCC
GCGGGAATTCGATT AAAAGCGTGGGGGCCC
TCCAGCAGCCCTTATCATCACCTGCCAGCCACCTGCCTCAGGCTGGGCAGGCTGCACCCT
GGGCTTTCTGCTATTGGCTTCCCAGATCCCTGGAACTCCAGCTGGGGCCCTGGGCTGTGG
TCTGACTTGATCCAGAATTTAATGAGTAGAAGGAATGGAAGAAGGCTCATTCCCCCAGCC
CTGGACACAGACAGCAGACACAGAGGCCTCCAGCACAGTGAAGCCTGTGGAGCAGTCCCC
TCCAGAATGCAACCTTGTAGGAGGGCAGCACCATGGGCCAGCAACTCAGGCTCTTTGAGA
TCTGACCCAACTCCTGGCACGTTGGAGATGTCCCATAGACCAGTGTTGAATGAATGGGAC
TGAAACCAGAAGTAATGTTAATGTCGCGTAGGGGTAATAATTTCTGATTTTAATGTTAAC
ATTTAAATGAAGAGCGGCCGCTGAGGCCTGCAGGGCCCGATCTGAATTCATCTATGTCGG
GTGCGGAGAAAGAGGTAATGAAATGGCATTATGGGTATTATGGGTCTGCATTAATGAATC
GGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACT
GACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTA
ATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAG
CAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCC
CCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTA
TAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTG
CCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGC
TCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCAC
GAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAAC
CCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCG
AGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGA
AGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGT
AGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAG
CAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTAC

Figure12. Putative Sequence of pSHCB_gSTOP. The
kanamycin resistance gene is in blue; the PI-Scei and I-Ceul
sites are in green; the Gene Racer primer used to clone the 5'
end of gLF isinyellow; the gSTOP sequenceisinred (thefirst
9 bases of the gL F ORF arein blue); and the origin of replication
isincyan
length gL F was generated by digesting pPGEM_5'gL Fwith
Aatll and Tthill and ligating the 5'gL F sequenceintoAatl|
and Tthlll digested pGEM _sub-gLF. The sequence of
pGEM_gLFisshownin Figure 11.

pGEM _gL Fwasdigested with Spel and Sall, blunted
and recircularized. The recircularized plasmid was
digested with Notl, blunted and dephosphorylated, and a
Pmel site (5-AATTGGTTTAAACC-3) was ligated into
the backbone to generate pGEM_PLF. pGEM_PLF was
digested with Pmel and Tthill and blunted. pSHCB was
digested with Pmel and dephosphorylated, and the STOP
sequencefrom gL F wasligated into the pPSHCB backbone
to generate pSHCB_gSTOP. The sequence of pSHCB
gSTOPis shown in Figure 12.

pSHCB_gSTOP was digested with Hpal and
dephosphorylated, and a Pmel site was ligated into the
pSHCB_gSTOP backbone to generate pSHPB_gSTOP.
The sequence of pPSHPB_gSTOPis shown in Figure 13.

pSHPB_gSTOPwas digested with Ascl and Swal and
blunted. pSHcnB was digested with Pmll and
dephosphorylated, and the gSTOP sequence ligated into
the pSHcnB backbone to generate pSHcnP_gSTOPR. The
sequence of pSHcnP_gSTOP is shown in Figure 14.

GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATC
AAAAAGGATCTTCACCTAGATCCTTTTGATCCTCCGGCGTTCAGCCTGTGCCACAGCCGA
CAGGATGGTGACCACCATTTGCCCCATATCACCGTCGGTACTGATCCCGTCGTCAATAAA
CCGAACCGCTACACCCTGAGCATCAAACTCTTTTATCAGTTGGATCATGTCGGCGGTGTC
GCGGCCAAGACGGTCGAGCTTCTTCACCAGAATGACATCACCTTCCTCCACCTTCATCCT
CAGCAAATCCAGCCCTTCCCGATCTGTTGAACTGCCGGATGCCTTGTCGGTAAAGATGCG
GTTAGCTTTTACCCCTGCATCTTTGAGCGCTGAGGTCTGCCTCGTGAAGAAGGTGTTGCT
GACTCATACCAGGCCTGAATCGCCCCATCATCCAGCCAGAAAGTGAGGGAGCCACGGTTG
ATGAGAGCTTTGTTGTAGGTGGACCAGTTGGTGATTTTGAACTTTTGCTTTGCCACGGAA
CGGTCTGCGTTGTCGGGAAGATGCGTGATCTGATCCTTCAACTCAGCAAAAGTTCGATTT
ATTCAACAAAGCCGCCGTCCCGTCAAGTCAGCGTAATGCTCTGCCAGTGTTACAACCAAT
TAACCAATTCTGATTAGAAAAACTCATCGAGCATCAAATGAAACTGCAATTTATTCATAT
CAGGATTATCAATACCATATTTTTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCAC
CGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAA
CATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCAC
CATGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTT
GTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTAT
TCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGACAATTAC
AAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTCAC
CTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGGGGATCGCAGTGGTGA
GTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATT
CCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGC
CATGTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATACAATCGATAGATTGTCGCAC
CTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGG
AATTTAATCGCGGCCTCGAGCAAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTG
TATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTG
CAATGTAACATCAGAGATTTTGAGACACAACGTGGCTTTGTTGAATAAATCGAACTTTTG
CTGAGTTGAAGGATCAGATCACGCATCTTCCCGACAACGCAGACCGTTCCGTGGCAAAGC
AAAAGTTCAAAATCACCAACTGGTCCACCTACAACAAAGCTCTCATCAACCGTGGCTCCC
TCACTTTCTGGCTGGATGATGGGGCGATTCAGGCCTGGTATGAGTCAGCAACACCTTCTT
CACGAGGCAGACCTCAGCGCTAGATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAG
CGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCC
CCGAAAAGTGCCACCTGACGTAACTATAACGGTCCTAAGGTAGCGAAAGCTCAGATCGTG
TCTCAAAATCTCTGATGTGGCCGGCCAGGCCGCGATCGCGGCGCGCCGTTTAAACCGGCC
GCGGGAATTCGATT AAAAGCGTGGGGGCCC
TCCAGCAGCCCTTATCATCACCTGCCAGCCACCTGCCTCAGGCTGGGCAGGCTGCACCCT
GGGCTTTCTGCTATTGGCTTCCCAGATCCCTGGAACTCCAGCTGGGGCCCTGGGCTGTGG
TCTGACTTGATCCAGAATTTAATGAGTAGAAGGAATGGAAGAAGGCTCATTCCCCCAGCC
CTGGACACAGACAGCAGACACAGAGGCCTCCAGCACAGTGAAGCCTGTGGAGCAGTCCCC
TCCAGAATGCAACCTTGTAGGAGGGCAGCACCATGGGCCAGCAACTCAGGCTCTTTGAGA
TCTGACCCAACTCCTGGCACGTTGGAGATGTCCCATAGACCAGTGTTGAATGAATGGGAC
TGAAACCAGAAGTAATGTTAATGTCGCGTAGGGGTAATAATTTCTGATTTTAATGTTGGT
TTAAACCAATTAATTGGTTTAAACCAACATTTAAATGAAGAGCGGCCGCTGAGGCCTGCA
GGGCCCGATCTGAATTCATCTATGTCGGGTGCGGAGAAAGAGGTAATGAAATGGCATTAT
GGGTATTATGGGTCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTAT
TGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCG
AGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGC
AGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGOCAGGAACCGTAAAAAGGCCGOGTT
GCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAG
TCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTC
CCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCC
TTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGT
CGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTT
ATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGC
AGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAA
GTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAA
GCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGG
TAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGA
AGATCCTTTGATCTTTTCTAC

Figure 13. Putative Sequence of pSHPB_gSTOP. The
kanamycin resistance gene is in blue; the PI-Scei and 1-Ceul
sites are in green; the Gene Racer primer used to clone the 5'
end of gLF isinyellow; the gSTOP sequenceisinred (the first
9 bases of the gL F ORF arein blue); the Pmel sitesinserted into
the Hpal site are in black; and the origin of replication is in

cyan

Construction of pSHcnB_1ns50:

Stuffer DNA 50 was amplified from chicken genomic
DNA using 5-AGAGAAAGGGAAGGAACTTGTCAT-
3 and 5-CATTAGCGGCAGCACCG-3'. pSHcnB was
digested with Swal and dephosphorylated, and the stuffer
DNA 50 amplicon wasligated into the pSHcnB backbone
to generate pSHcnB_Ins50. The sequence of
pSHcnB_Ins50 is shown in Figure 15.

Construction of pSHcnB_Ins50G:

Stuffer DNA G-3016 (InsG-3016) wasamplified from
rat genomic DNA using 5-GGGCACTCCATACCAAC
CA-3' and 5-GGACCCAGCAGCCTTTCAT-3'.
pSHcnB_Ins50 was digested with Sacll, blunted and
dephosphorylated, and the InsG-3016 amplicon was
ligated into the pSHcnB_Ins50 backbone to generate
pSHcnB_Ins50G. The sequence of pSHcenB_Ins50G is
shown in Figure 16.

Construction of pRenSS
pBS _KS+ was digested with BamHI, blunted and
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GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATC
AAAAAGGATCTTCACCTAGATCCTTTTGATCCTCCGGCGTTCAGCCTGTGCCACAGCCGA
CAGGATGGTGACCACCATTTGCCCCATATCACCGTCGGTACTGATCCCGTCGTCAATAAA
CCGAACCGCTACACCCTGAGCATCAAACTCTTTTATCAGTTGGATCATGTCGGCGGTGTC
GCGGCCAAGACGGTCGAGCTTCTTCACCAGAATGACATCACCTTCCTCCACCTTCATCCT
CAGCAAATCCAGCCCTTCCCGATCTGTTGAACTGCCGGATGCCTTGTCGGTAAAGATGCG
GTTAGCTTTTACCCCTGCATCTTTGAGCGCTGAGGTCTGCCTCGTGAAGAAGGTGTTGCT
GACTCATACCAGGCCTGAATCGCCCCATCATCCAGCCAGAAAGTGAGGGAGCCACGGTTG
ATGAGAGCTTTGTTGTAGGTGGACCAGTTGGTGATTTTGAACTTTTGCTTTGCCACGGAA
CGGTCTGCGTTGTCGGGAAGATGCGTGATCTGATCCTTCAACTCAGCAAAAGTTCGATTT
ATTCAACAAAGCCGCCGTCCCGTCAAGTCAGCGTAATGCTCTGCCAGTGTTACAACCAAT
TAACCAATTCTGATTAGAAAAACTCATCGAGCATCAAATGAAACTGCAATTTATTCATAT
CAGGATTATCAATACCATATTTTTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCAC
CGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAA
CATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCAC
CATGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTT
GTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTAT
TCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGACAATTAC
AAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTCAC
CTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGGGGATCGCAGTGGTGA
GTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATT
CCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGC
CATGTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATACAATCGATAGATTGTCGCAC
CTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGG
AATTTAATCGCGGCCTCGAGCAAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTG
TATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTG
CAATGTAACATCAGAGATTTTGAGACACAACGTGGCTTTGTTGAATAAATCGAACTTTTG
CTGAGTTGAAGGATCAGATCACGCATCTTCCCGACAACGCAGACCGTTCCGTGGCAAAGC
AAAAGTTCAAAATCACCAACTGGTCCACCTACAACAAAGCTCTCATCAACCGTGGCTCCC
TCACTTTCTGGCTGGATGATGGGGCGATTCAGGCCTGGTATGAGTCAGCAACACCTTCTT
CACGAGGCAGACCTCAGCGCTAGATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAG
CGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCC
CCGAAAAGTGCCACCTGACGTAACTATAACGGTCCTAAGGTAGCGAAAGCTCAGATCGTG
TCTCAAAATCTCTGATGTGGCCGGCCAGGCCGCGATCGCTGATTTGTTTAAACTGATATT
TAAATTCTGATCCACAAATGTTGGTTTAAACCAATTAATTGGTTTAAACCAACATTAAAA
TCAGAAATTATTACCCCTACGCGACATTAACATTACTTCTGGTTTCAGTCCCATTCATTC
AACACTGGTCTATGGGACATCTCCAACGTGCCAGGAGTTGGGTCAGATCTCAAAGAGCCT
GAGTTGCTGGCCCATGGTGCTGCCCTCCTACAAGGTTGCATTCTGGAGGGGACTGCTCCA
CAGGCTTCACTGTGCTGGAGGCCTCTGTGTCTGCTGTCTGTGTCCAGGGCTGGGGGAATG
AGCCTTCTTCCATTCCTTCTACTCATTAAATTCTGGATCAAGTCAGACCACAGCCCAGGG
CCCCAGCTGGAGTTCCAGGGATCTGGGAAGCCAATAGCAGAAAGCCCAGGGTGCAGCCTG
CCCAGCCTGAGGCAGGTGGCTGGCAGGTGATGATAAGGGCTGCTGGAGGGCCCCCACGCT
TTT ATCGAATTCCCGCGGCCGGTTTAAAC
GGCGCGGTGGATTACTATTTAAATATTAGTTTAAACTGATTACGAAGAGCTGAGGCCTGC
AGGGCCCGGGCATTGCACAAGATAAAAATATATCATCATGGATCTGAATTCATCTATGTC
GGGTGCGGAGAAAGAGGTAATGAAATGGCATTATGGGTATTATGGGTCTGCATTAATGAA
TCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCA
CTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGG
TAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCC
AGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCC
CCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGAC
TATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCC
TGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATA
GCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGC
ACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCA
ACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAG
CGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTA
GAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTG
GTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGC
AGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTAC

Figure 14. Putative Sequence of pSHcnP_gSTOP. The
kanamycin resistance gene is in blue; the PI-Scel and I-Ceul
sites are in green; the Pmel sitesinserted into the Hpal site are
in black; the gSTOP sequenceisin red (the first 9 bases of the
gLF ORF arein blue); the Gene Racer primer used to clone the
5 end of gLF isin yellow; and the origin of replication isin
cyan

dephosphorylated, and an |-Ceul site (5-TAACTATAAC
GGTCCTAAGGTAGCGA-3') was ligated into the
pBS_KS+ backbone to generate pBSC. mSTOP was
amplified from mouse genomic DNA using5-TTTTTG
AAATGGCTCGTTGC-3' and 5-TGGTAACCGTATC
GGTACAAGAT-3'. pBSC was digested with Smal and
dephosphorylated, and the mSTOP amplicon wasligated
into the pBSC backbone to generate pBSCsma_mSTOP,
pBSCsma_mSTOP was digested with Pstl and Notl and
blunted. pSHcnB was digested with 1-Ceul, blunted and
dephosphorylated, and the 1-Ceul-mSTOP insert was
ligated into the pSHcnB backbone to generate pRcnSx.
pPGEM_closed was digested with Ncol, blunted and
dephosphorylated, and a PI-Scel site (5'-
ATCTATGTCGGGTGCGGAGAAAGAGGTAATGAA
ATGGCA-3') was ligated into the pGEM_closed
backbone to generate pGPS. dSTOP was amplified from
human genomic DNA using 5-CCTTAGGTAGATGCC
GTAAGACAA-3 and5-AGCAAGACCGAGCCTTTA-
3'. pGPS was digested with Notl, blunted and
dephosphorylated, and the dSTOP amplicon was ligated
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GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATC
AAAAAGGATCTTCACCTAGATCCTTTTGATCCTCCGGCGTTCAGCCTGTGCCACAGCCGA
CAGGATGGTGACCACCATTTGCCCCATATCACCGTCGGTACTGATCCCGTCGTCAATAAA
CCGAACCGCTACACCCTGAGCATCAAACTCTTTTATCAGTTGGATCATGTCGGCGGTGTC
GCGGCCAAGACGGTCGAGCTTCTTCACCAGAATGACATCACCTTCCTCCACCTTCATCCT
CAGCAAATCCAGCCCTTCCCGATCTGTTGAACTGCCGGATGCCTTGTCGGTAAAGATGCG
GTTAGCTTTTACCCCTGCATCTTTGAGCGCTGAGGTCTGCCTCGTGAAGAAGGTGTTGCT
GACTCATACCAGGCCTGAATCGCCCCATCATCCAGCCAGAAAGTGAGGGAGCCACGGTTG
ATGAGAGCTTTGTTGTAGGTGGACCAGTTGGTGATTTTGAACTTTTGCTTTGCCACGGAA
CGGTCTGCGTTGTCGGGAAGATGCGTGATCTGATCCTTCAACTCAGCAAAAGTTCGATTT
ATTCAACAAAGCCGCCGTCCCGTCAAGTCAGCGTAATGCTCTGCCAGTGTTACAACCAAT
TAACCAATTCTGATTAGAAAAACTCATCGAGCATCAAATGAAACTGCAATTTATTCATAT
CAGGATTATCAATACCATATTTTTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCAC
CGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAA
CATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCAC
CATGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTT
GTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTAT
TCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGACAATTAC
AAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTCAC
CTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGGGGATCGCAGTGGTGA
GTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATT
CCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGC
CATGTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATACAATCGATAGATTGTCGCAC
CTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGG
AATTTAATCGCGGCCTCGAGCAAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTG
TATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTG
CAATGTAACATCAGAGATTTTGAGACACAACGTGGCTTTGTTGAATAAATCGAACTTTTG
CTGAGTTGAAGGATCAGATCACGCATCTTCCCGACAACGCAGACCGTTCCGTGGCAAAGC
AAAAGTTCAAAATCACCAACTGGTCCACCTACAACAAAGCTCTCATCAACCGTGGCTCCC
TCACTTTCTGGCTGGATGATGGGGCGATTCAGGCCTGGTATGAGTCAGCAACACCTTCTT
CACGAGGCAGACCTCAGCGCTAGATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAG
CGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCC
CCGAAAAGTGCCACCTGACGTAACTATAACGGTCCTAAGGTAGCGAAAGCTCAGATCGTG
TCTCAAAATCTCTGATGTGGCCGGCCAGGCCGCGATCGCTGATTTGTTTAAACTGATATT
TAGAGAAAGGGAAGGAACTTGTCATAAAAAAAGGAAAATTCAGTGCAGTGTGCTGCAATA
AAAGAATATGACCGCTATAAAACTTTATAGGGTATAAATTTCTGAAGGTTAAGGAACTAA
ACGGCTGTAAAGCAAACAGTGCAAGAAAACTTTCAGGAACTCCTAAATTACTACAACGAC
TTGGGAATGTGGGGAAACCCAACGCGTAAATGCTCTTATTTCTGCTTCGGTCGCATATAA
AGTTCCCTTCTTTATTCTTGTTTTGTTTTGTTTTGTTTTGCTTTGCTTTTTCCTAACGGA
GGGGGGAGTTAAAAAATAAGAGATAAGT TGGGGGGAGAGAAAAGGTGGGGAGGGACTTTG
GCTAATTTATTCTTCTCCTGCAGTTGCCGTGAAAATCCCGCACTCTGGATGATACCCTTT
GTTCTTTTTTTTTTTTCCCTTTTCTTTCTTTTTTTCTCTCTCTCTCTTTTTTTTTTCTTT
CTCTTTCTTTAAAGCAATTCCAGGCTGCCAGAATGCAGAGCCGTGCACACAACAACACAC
CCAGGGGCACCCCCGCACTCACACACTCCAAGTTCTGGCGAGACGTCTGGGCTTGGGAAG
CTCTTTATCGGTTTACAGCCCTGGCCTTCCCCCTCCAGAGCAGAATGACCAATTGTTTAG
TCTCGGAATTTGAAACAATAGTGG CAAAAGCAACCCCA GTCTC ATTGC
TAGCAGAGCGGCTGGATGATGGGGCTCTCGGAGCGCAACACTCCAACGCTGCGAAGAGAG
GAGGACGAAGTCCATTTTTCTTTTCCTTGCCCTCTCCCTTCCCCACCTCCCTTCCTTGGC
AGCTCCATGCCCCCCAAACCCAACTCTGCCCCGCACGGAGACCCCCTGCACCCCCAGCAG
CGCTGCAGTACCACGCTTGGCCGCGAGGTGGCGCCATTGCTCCACGATTGACGCGCGCCC
CCCGCGCCCCGCGGCGGTTCTCCGCGCAACACCTTGATTTCATTAGCGGCAGCACCGAAA
TATTAGTTTAAACTGATTACGAAGAGCTGAGGCCTGCAGGGCCCGGGCATTGCACAAGAT
AAAAATATATCATCATGGATCTGAATTCATCTATGTCGGGTGCGGAGAAAGAGGTAATGA
AATGGCATTATGGGTATTATGGGTCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGC
GGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTT
CGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCA
GGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAA
AAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAAT
CGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCC
CCTGGAAGCTCCCTCGTGCGCTCTCCTGT TCCGACCCTGCCGCTTACCGGATACCTGTCC
GCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGT
TCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGAC
CGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCG
CCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACA
GAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGC
GCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAA
ACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAA
GGATCTCAAGAAGATCCTTTGATCTTTTCTAC

Figure 15. Putative Sequence of pSHCB_Ins50. The
kanamycin resistance gene is in blue; the PI-Scei and I-Ceul

sites are in green; Ins50 is in magneta; and the origin of
replicationisin cyan

into the pGPS backbone to generate pGPS_dSTOP.
pGPS_dSTOP was digested with Apal and BstX| and
blunted. pRcnSx was digested with PI-Scel, blunted and
dephosphorylated, and the PI-Scel-dSTOP insert was
ligated into the pRcnSx backbone to generate pRenSS.
The sequence of pRcnSSis shown in Figure 17.

Construction of pRenSS_Ins57-111:

Stuffer DNA 57-111 was amplified from chicken
genomic DNA using primers5-TGCCAATCCATCAAG
TTCCAT-3 and 5-TGTCCAGCCTCATATCCAGTCA-
3'. RenSSwas digested with Pmil and dephos-phorylated,
and the stuffer DNA 57-111 amplicon was ligated into
the pRenSS backbone. The sequence of pRcnSS_Ins57-
111 isshown in Figure 18.

Construction of pSH_PPS50G-111s PSPSC_PITR:
The 3' Pacl-ITR sequence (PITR) of Adeno-X was
amplified from EVE using primers5-TTACTCCGCCCT
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GEEGTCTGACGCTCAGTCGAACCAAAACTCACGT TAAGCGATTT TGGTCATGAGATTATCAAAAAGGATCT TCACCTAGATOCT T TTGATOCTAOEE0GT TCAGOCTGTGOCACAGTOGACAGCGATGGTGACCACCATTTGOOOCATATC
ACOGTOSGTACTGATOOOGTOGTCAATAAACOGAACOGECTACACOCTGAGCATCAAACTCT TTTATCAGT TGGATCATGTAEEOGEGTGTASOEEOCAAGACEGTAGAGCT TCTTCACCAGAATGACATCACCT TACTCCACCT TCATACT
CAGCAAATOCAGOOCTTOOOGATCTGT TGAACTGOOEGATEOCT TGTAEGTAAAGATGOGGTTAGCT T TTAGCOOCTGCATCT TTGAGOECTCGAGGTCTAOCTAGTGAAGAAGGTGT TGCTGACTCATACCAGGEOCTGAATCGEOOOCATCA
TOCAGOCAGAAAGTCAGEGAGCCACGGT TGATGAGAGCTTTGT TGTAGGTCGACCAGT TAGTGAT TTTGAACT TTTGCT TTAOCACSGAACQSGTCTAOGT TGTOSEEAAGATAOGTGATCTGATCCT TCAACTCAGCAAAAGT TGGATTT
ATTCAACAAAGCOECOGTOOOGTCAAGTCACOGTAATCCTCTCOCAGIGT TACAACCAAT TAACCAAT TCTGATTAGAAAAACTCATOGAGCATCAAATGAAACTGCAAT TTATTCATATCAGGAT TATCAATACCATATTTTTGAAAAA
GOOGTTTCTGIAATGAAGGAGAAAACTCACCGAGECAGT TACATAGGATGECAAGATCCTGGTATASGTCTEOGAT TAOGACTAGTACAACATCAATACAACCTATTAAT T TAOCCTGGTCAAAAATAAGGTTATCAAGTGAGAAATCAC
CATGAGTGACGACTGAATOOGGTGAGAATGECAAAAGCTTATGCAT TTCT T TACAGACT TGT TCAACAGGOCAGOCATTACECTAGTCATCAAAATCACTOGECATCAACCAAACOGT TATTCAT TAGTGAT TGOGOCTGAGOGAGACGAA
ATACCOGATACCTGTTAAAAGGACAATTACAAACAGGAATCGAATGCAACOCEGEOGCAGGAACACTGOCAGOECATCAACAATAT TTTCACCTGAATCAGCATATTCT TCTAATACCTGGAATCCTGT TTTAOOGEEGATOECAGTGGTGA
GTAACCATGCATCATCAGGAGTACGGATAAAATCCT TGATGGTASGAAGAGGCATAAAT TAOGTCAGCCAGT TTAGTCTGACCATCTCATCTGTAACATCAT TGBCAACSCTACCT TTAOCATGT TTCAGAAACAACTCTGEOGCATASG
GCTTOOCATACAATCGATAGAT TGTOGCACCTGAT TGOOOGACAT TATOGOGAGTCCAT TTATACOCATATAAATCAGCATOCATGT TAGAAT TTAATGEOGEOCTOGAGCAAGACGT TTOOOGT TGAATATGECTCATAACACCOCT TG
TATTACTGITTATGIAAGCAGACAGT TTTATTGT TCATGATGATATAT TTTTATCTTGTGCAATGTAACATCAGAGAT TTTGAGACACAACGTGECTTTGTTGAATAAATCGAACT TTTGCTGAGT TGAAGGATCAGATCACGCATCTTC
QOGACAACCECAGACOGT TAOGTGECAAAGCAAAAGT TCAAAATCACCAACTGGTACACCTACAACAAAGCTCTCATCAACCGTAECTAOCTCACT T TCTAECTEGATGATEEEGENCAT TCAGEOCTCGTATGAGICAGCAACACCTTCTT
CACGAGECAGACCTCAGOGCTAGAT TAT TGAAGCATTTATCAGGGTTATTGTCTCATGAGOGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGEEGT TAOBOGCACATT TAOOOGAAAAGTGOCACCTCGACGTAACTATAAC
GGTOCTAAGGTACIGAAAGCTCAGATAGTGTCTCAAAATCTCTGATGTEEO0EE0CAGEO0E0GATACCTGATTTGT TIAAACTGATATTTAGAGAAAGGGAAGGAACTTGTCATAAAAAAAGGAAAATTCAGTGCAGTGIGCTGCAATA
AAAGAATATGACOGCTATAAAACTTTATAGEGTATAAATTTCTGAAGGT TAAGGAACTAAACGGECTGIAAAGCAAACAGTGCAAGAAAACT TTCAGGAACTCCTAAATTACTACAACGACT TECGAATGTGEEGAAACOCAACCOGTAAA
TCCTCTTATTTCTGCTTASGTACCATATAAAGT TAOCTTCT TTATTCT TG TTTGT TTTGT TTTGT T TTGCTTTGCTTTT TACTAACGGAGGEEEECAGT TAAAAAATAAGAGATAAGT TGEEGEEGAGAGAAAAGGTGEEEAGEGACTTTIG
GCTAATTTATTCTTCTOCTGCAGT TGOOGTGAAAATOOOGCACTCTGGATGATACOCTTTGT TCTTTTTTTTTTTTOOCTTTICTTTCTTTTTTTCTCTCTCTCTCTTTTTTTTTTCTTTCTCTTTCTTTAAAGCAATTCCAGGCTGOCA
GAATGCAGAGOOGTGCACACAACAACACAGOCAGEGEECACOCOOECACTCACACACTACAAGT TCTEEOCAGACGTCTEEECT TEEEAAGCTCI TTATOGGT TTACAGOCCTGEOCT TACOOCTCCAGAGCAGAATGACCAATTGI TTIAG
TCTOGGAATTTGAAACAATAGTGGT TTTCAAAAGCAACCCCATTTTGTCTCT TTTATTGCTAGCAGAGOGECTCGATGATGEEGECTCTOEGAGIECAACACTOCAACCCTGOGAAGAGAGGAGGACGAAGTCCATTTTTCTTTTACTTGC
CCTCTOOCT TAOOCACCTOOCT TACT TEECAGCTACATEOCOOOCAAACOCAACTCTEOOO0GECACEEAGACOOOCTECACCOCAGCAGOECTECAGTACCACGECT TEEOOEOGAGGTGEOECCAT TACTACACGAT TGACEOE0E0C
[esscececee

GGOGGTTCTOOB0ECAACACCTTGAT TTCATTAGOGECAGCACOGAAATAT
TAGITTAAACTGATTACGAAGAGCTGAGEOCTGCAGEEO00GEECAT TECACAAGATAAAAATATATCATCATGEATCTGAAT TCATCTATGTOEGEGTEOEEAGAAAGAGGTAATGAAATGECATTATGEGTAT TATGEGTCTGCATTAA
TGAATOEEOCAACGOEOEEEEAGAGEOEGT TTAOGTAT TAEEOECTCT TAXECT TACTARCTCACTGACTOECTEOECTOEGTOGT TASECTEOEE0GACIEGTATCAGCTCACTCAAAGEOGGTAATACGGT TATGCACAGAATCAGEG
GATAACCCAGEAAAGAACATGTGAGCAAAAGECAGCAAAAGEOCAGGAACOGTAAAAAGECOEOGT TECTAROGT TTTTACATAGECTOOEOCO0CTGACGAGCATCACAAAAATCCACECTCAAGTCAGAGGTEEOGAAACOCGACA
GGACTATAAAGATACCAGGEOGT TTAOOOCTGEAAGCTAOCTAGTAOECTCTACTGT TAOGACOCTGOOCECTTACOEGEATACCTGTAOEOCT T TCTAOCT TABEEAAGOGTGEOGCT TTCTCATAGCTCACGCTGIAGGIATCTCAGT TGS
GIGTAGGTOGT TASCTACAAGCTEEECTGIGTIGCACGAACTOOA0GT TCAGTIOGACOGECTEOCCCT TATAOSGTAACTATAGTCT TGAGTCCAACOOCSGTAAGACACGACTTATOGOCACTGECAGCAGOCACTGGTAACAGGATTIACC
AGACCGAGGTATGIAGEISGTECTACAGAGT TCTTGAAGTGGTAEOCTAACTACSECTACACTAGAAGCACAGTATTTAGTATCTGOCCTCTECTGAAGCCAGT TACCT TASGAAAAAGAGT TGGTAGCTCT TGATGOSGECAAACAAACC
ACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTAC

Figure 16. Putative Sequence of pSHcnB_Ins50G. The kanamycin resistance gene isin blue; the PI-Scei and I-Ceul sites
arein green; Ins50 isin magneta; InsG-3016 isin yellow; and the origin of replication isin cyan

AAAACCTAC-3 and5-GCTATTGCTTTATTTGTAAC
CATT-3'. pSHcnB was digested with Swal and
dephosphorylated, and the PITR amplicon wasligated into
the pSHcnB backbone to generate pSHenB_PITR-3'.
pSHcnB_PITR-3' was digested with Pmel. pSH_PSPSC
was digested with Pcil, blunted and dephosphorylated,
and the PITR insert was ligated into the pSH_PSPSC
backbone to generate pSH_PSPSC PITR. pBS PITR
Pack-wt was digested with BssHI I and Smal and blunted.
pSH_PSPSC_PITR was digested with Swal and
dephosphorylated, and the PITR insert was ligated into
the pSH_PSPSC_PITR backbone to generate pSH_PP_

PSPSC PITR. pSHcnP_gSTOPwas digested with Pmel .
pSH_PP_PSPSC_PITR was digested with BamHlI,
blunted and dephosphorylated, and the gSTOPinsert was
ligated into the pSH_PP_PSPSC_PITR backbone to
generatepSH_PPS PSPSC_PITR. pSHcnB_Ins50G was
digested with Pmel. pSH_PPS PSPSC PITR was
digested with Hpal and dephosphorylated, and the Ins50G
insert was ligated into the pSH_PPS PSPSC PITR
backbone to generate pSH_PPS50G_PSPSC PITR.
pRenSS Ins57-111 wasdigested with PI-Scel, blunted and
dephosphorylated, and an I-Ppol site (5-GCTACCTTA
AGAGAGCCGG-3) wasligated into the pRenSS_Ins57-

GCGEGTCTGACGCTCAGTCGAACCAAAACTCACGT TAAGSGATTTTAGTCATGAGATTATCAAAAAGGATCT TCACCTAGATCCT TT TGATOCTAOCGEOGT TCAGCCTGTGOCACAGTOGACAGGATGGTGACCACCATTTAOOCCATATC
ACOGTOGGTACTGATOOOGTAGTCAATAAACCGAACOCCTACACOCTGAGCATCAAACTCTTT TATCAGT TGGATCATGTOEEOGEGTGTABOEE0CAAGACSGTOGAGCT TCT TCACCAGAATGACATCACQCT TACTACACCTTCATACT
CAGCAAATOCAGOOCT TAOCGATCTGT TGAACTGOOGECATAOCTTGTOGGTAAAGATGOSGT TAGCT T TACOOCTGCATCT T TGAGOECTGAGGTCTAOCTOGTGAAGAAGGTGT TACTGACTCATAGCAGEOCTGAATOEOOCCATCA
TOCAGOCAGAAAGTGAGEGAGOCACSGT TGATCAGACCTTTGTTGTAGGTGGACCAGT TAGTGATTTTGAACTTTTGCT TTAOCACCSGAACSGTCTAOGT TGTABEEAAGATGOGTGATCTGATACTTCAACTCAGCAAAAGT TAGATTT
ATTCAACAAACCOCOOGTOOOGTCAAGTCACOGTAATECTCTEOCAGTGTTACAACCAATTAACCAAT TCTGATTAGAAAAACTCATOGAGCATCAAATGAAACTGCAATTTATTCATATCAGGAT TATCAATACCATATTTTTGAAAAA
GOOGTTTCTGIAATGAAGGAGAAAACTCACCGAGECAGT TACATAGGATGECAAGATOCTGGTATOGGTCTGOGAT TAOGACTOGTACAACATCAATACAACCTAT TAATTTOOCCTAGTCAAAAATAAGGTTATCAAGTGAGAAATCAC
CATGAGTGACGACTGAATOOGGTGAGAATGECAAAAGCTTATGCATTTCT TTACAGACT TGT TCAACAGGOCAGOCAT TACGCTOGTCATCAAAATCACTORCATCAACCAAACOGT TATTCAT TOGTGAT TROGOCTGAGOGAGACGAA
ATACGOGATOGCTGTTAAAAGGACAATTACAAACAGGAATOGAATGCAACCEGEOGCAGGAACACTGOCAGOGCATCAACAATATTT TCACCTGAATCAGGATAT TCT TCTAATACCTGGAATGCTGT TT TAOOGEEGATOGCAGIGGTGA
GTAACCATGCATCATCAGGAGTACGGATAAAATCCT TGATGGTOEGAAGAGECATAAAT TAOGTCAGOCAGT TTAGTCTGACCATCTCATCTGTAACATCAT TGBCAACGCTACCT TTGOCATGT TTCAGAAACAACTCTGEOGCATASG
GCTTOOCATACAATOGATAGAT TGTOBCACCTGAT TGOOOGACAT TATOGOGAGOOCAT T TATACOCATATAAATCAGCATOCATGT TGGAAT TTAATCGOGEOCTOGAGCAAGACGT TTAOOGT TGAATATGECTCATAACACTOCT TG
TATTACTGI TTATGTAAGCAGACAGT TTTATTGT TCATGATGATATATTTTTATCT TGTGCAATGTAACATCAGAGAT TTTGAGACACAACGTGECTTTGT TGAATAAATCGAACT TTTGCTGAGT TGAAGGATCAGATCACGCATCTTC
QOGACAACCECAGACOGT TAOGTGECAAAGCAAAAGT TCAAAATCACCAACTGGTACACCTACAACAAAGCTCTCATCAACOGTGECTACCTCACT TTCTGECTGGATGATEEEEGAT TCAGEOCTAGTATGAGTCAGCAACACCTTCTT
CAGGAGECAGACCTCAGOGCTAGATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGOCGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGEGEGT TAOBOGCACATTTAOOOGAAAAGTGOCACCTGACGTAACTATAAC
GGTAEOOCTAGTAACOGTATOGGTACAAGATGTAAACTTAGCTCAAGAGT TTACACATGAAGTAGTGAGGTGT TAGOCTGAGEGAGOCTCAGEOOEEOCACTGGAACCTTCTCTTGTGATTGCAATCTGIGT TTTCTTCAGAGGCAGACA
TCGACAGAGCTTAAATCACTGEECAATAAGGAACATATTTCTGGAGCAGAAGGTACCOCTAGTAAGCCAGCACTGOCAAGGEACACTCAGOOCTAAGGAGCAGEOCCAGCTTGAACCTGTGAGGEOCTCTCATGOCTAEEECAGAGICTTAAT
GAGHACAAACATGAGGTCAAATCAGECTTCCTGI TTGOOOGCACAAAAGTCGAGTCTGTATTTGGTGCTAGAATOOCAGCTGEGEGT TT TAGTGACAGATOCAGEGTOOCTCATTTGGAAACAATATAATGCAAGGTCAGAAGT TGCTTT
CATCTATAATTGCAAGGAGOCATTTCAAAAAGGEEGEGATCTAACTATAACGGTACTAAGGTAGOGAATACACTAGT TCTAGAGOGEOEGTAGOGAAAGCTCAGATAGTGTCTCAAAATCTCTGATGTGEOOEE0CAGEO0EOGATASCTG
ATTTGTTTAAACTGATATTTAAATTCTGATOCACGTGTGAATTGGT TAACCAAAAGACACGTGCGATTACTATTTAAATATTAGT TTAAACTGATTACGAAGAGCTGAGEOCTECAGEEOO0GEEECAT TGCACAAGATAAAAATATATCAT
CATGGATCTGAAT TCATCTATGTOEE0GACGTOECATGCTOOOEEI0E0CATGATCTATGTOEEGTAOCGAGAAAGAGGTAATGAAATGECACATEEOEEC

GEO0GOCTECAGGTOGACCATATGEGAGAGCTAC
CAAGGAGAAAGAGGTAATGAAATGECAT TATGEGTATTATGEGTCTGCAT TAATGAATOEECCAACCOEOEEEGEAGAGEOGEGT TTAOGTAT TEEEORECTCT TAOECT TACTOECTCACTGACTOGCTAORCTASGTAGT TASECTEOEEC
GAGOGGIATCAGCTCACTCAAAGGEOGGTAATACSGT TATGCACAGAATCAGEEGATAACGCAGGAAAGAACATGTGAGCAAAAGEOCAGCAAAAGGOCAGGAACOGTAAAAAGEOOEOGT TGCTAEGGT TTTTACATAGECTCOE000C
CTGAGGAGCATCACAAAAATCGACCCTCAAGTCAGAGGTAEOGAAACOOGACAGEACTATAAAGATACCAGEOGT TTACOOCTAEAAGCTAOCTAGTEOCCTCTACTGT TAOGACOCTAOOECT TACOEGATACCTGTAOSCCT TTCTAC
CTTOECGAAGOGTEEOECT TTCTCATAGCTCACSCTGTAGGTATCTCAGT TASGTGTAGGTOGT TASCTACAAGCTEEECTGTGTECACGAACIIO00GT TCAGOOOGACOECTAOECCT TATAOGGTAACTATOGTCTTGAGTACAACC
CGGTAAGACACGACTTATABOCACTGECAGCAGOCACTGGTAACAGGATTAGCAGAGOCAGGTATGTAGEOEGTCCTACAGAGT TCTTCAAGTGGTAEOCTAACTACEECTACACTAGAAGGACAGIATTTGGTATCTGOGCTCTCCTGA
AGOCAGTTACCTTOCGAAAAAGAGT TGGTAGCTCT TGATOOGCCAAACAAACCACOGCTGGTAGOGGTGGT TTTTTTGT TTGCAAGCAGCAGAT TACGOGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTIAC

Figure 17. Putative Sequence of pRcnSS. The kanamycin resistance geneisin blue; mSTOPisin magneta; the PI-Scel and I-
Ceul sitesarein green; dSTOPisin yellow; and the origin of replicationisin cyan. After digestion of pBS_KS+ with BamHI, a"G"
residue was lost during the blunting reaction
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GEGGTCTGACGCTCAGTGEAACGAAAACTCACGT TAAGECATTTTGGTCATGAGAT TATCAAAAAGGATCT TCACCTAGATCCT T TGATOCTOOEE0GT TCAGOCTGTGOCACAGOOGACAGGATGGETGACCACCAT TTGOCCCATATC
ACQOGTOGEGTACTGATOOOGTOGTCAATAAACOGAACOGCTACACOCTGAGCATCAAACTCT TTTATCAGT TGGATCATGTOEEOEGTGTAE0EE0CAAGACGGTAGAGCTTCT TCACCAGAATGACATCACCT TACTOCACCT TCATACT
CAGCAAATCCAGOCCTTAOCGATCTGT TGAACTGOOCGATAOCT TGTASGTAAAGATGOGGT TAGCT TTTACCOCTGCATCT TTGAGOGCTGAGGTCTGOCTAGTGAAGAAGGTGT TGCTGACTCATACCAGGEOCTGAATCGGEOOOCATCA
TOCAGOCAGAAAGTGAGECAGOCACEGT TGATGAGAGCTTTGT TGTAGGTCGACCAGT TAGTGATTT TGAACT TTTGCT TTGOCACCGAACSGTCTGOGT TGTOBECEAAGATGOGTGATCTGATOCTTCAACTCAGCAAAAGT TCGATTT
ATTCAACAAAGCOECOGTOOOGTCAAGTCACOGTAATGCTCTCOCAGTGT TACAACCAAT TAACCAAT TCTGATTAGAAAAACTCATOGAGCATCAAATGAAACTGCAATTTATTCATATCAGGAT TATCAATACCATATTTTTGAAAAA
GOOGTTTCTGIAATGAAGGAGAAAACTCACOGAGECAGT TACATAGGATGECAAGATOCTGGTATOGGTCTAOGAT TAOGACTOGTOCAACATCAATACAACCTAT TAATTTAOOCTAGTCAAAAATAAGGT TATCAAGTGAGAAATCAC
CATGAGTGAQGACTGAATOOGGTGAGAATGECAAAAGCTTATGCATTTCTTTOCAGACT TGT TCAACAGGEOCAGOCAT TACGCTOGTCATCAAAATCACTOCCATCAACCAAACOGT TATTCATTAGTGAT TGOBOCTGAGOGAGACGAA
ATACGOGATOGCTGTTAAAAGGACAATTACAAACAGGAATCGAATGCAACOGEOGECAGEAACACTGOCAGOCCATCAACAATATTT TCACCTGAATCAGGATATTCT TCTAATACCTGGAATGCTGT TTTOOOGEEGATACCAGTGGTGA
GTAACCATGCATCATCAGGAGTACGGATAAAATGCT TGATGGTOGGAAGAGECATAAATTAOGTCAGOCAGT TTAGTCTGACCATCTCATCTGTAACATCAT TGECAACGCTACCT TTGOCATGT TTCAGAAACAACTCTGEORCATCSG
GCTTOOCATACAATCGATAGAT TGTOGECAQCTGAT TGOOOGACAT TATOGOGAGOOCAT TTATACOCATATAAATCAGCATOCATGT TGGAAT TTAATOGOGEOCTOGAGCAAGAGGT TTOOOGT TGAATATGGCTCATAACACOOCTTG
TATTACTGTTTATGTAAGCAGACAGT TTTATTGT TCATGATGATATATTTTTATCTTGTGCAATGTAACATCAGAGAT TTTGAGACACAACGTGECTTTGTTGAATAAATCGAACT TTTGCTGAGT TGAAGGATCAGATCACGCATCTTC
COGACAACCCAGACQOGT TAOGTAECAAAGCAAAAGT TCAAAATCACCAACTGGTACACCTACAACAAAGCTCTCATCAACOGTAECTAOCTCACT TTCTAECTEGEATCATEEEE0CAT TCAGBOCTGGTATGAGTCAGCAACACCTTCTT
CACGAGECAGACCTCAGOCCTAGATTATTGAAGCAT TTATCAGEGT TAT TGTCTCATGAGOGGATACATAT TTGAATGTATTTAGAAAAATAAACAAATAGEGEGT TOOBOGECACAT TTOOOOGAAAAGTGOCACCTGACGTAACTATAAC
GGTOEOOCTAGTAACCGTATOGGTACAAGATGTAAACT TAGCTCAAGAGT TTACACATGAAGTAGTGAGGTGT TAGCCTGAGEGAGCCTCAGEOOGEEICACTGGAACCT TCTCT TGTGATTACAATCTGTGI TTTCTTCAGAGECAGACA
TCGACAGAGCTTAAATCACTGECAATAAGGAACATATTTCTGGAGCAGAAGGTACICTAGIAAGCCAGCACTGOCAAGEGACACTCAGIOCTAAGGAGCAGEOCCAGCT TGAACCTGTGAGGEOCTCTCATGOCTGEEECAGAGICTTAAT
GAGATACAAACATGAGGTCAAATCAGECTTACTGT TTAOOOGCACAAAAGTGEAGTCTGIATTTGGTGCTAGAATOOCAGCTAEGEGT T TTAGTGACAGATOCAGEGTAOCTCAT T TAGAAACAATATAATGCAACGTCAGAAGT TGCTTT
CATCTATAATTGCAACGAGOCATTTCAAAAAGEGEEGATCTAACTATAACSGTOCTAAGGTAGOGAATCCACTAGT TCTAGAGOGEEOOEGTAGOGAAAGCTCAGATAGTGTCTCAAAATCTCTGATGTIGEOOEE0CAGEO0CCATACCTG
ATTTGTTIAAACTGATATTTAAAT TCTGATCCACTGOCAATOCATCAAGT TACATAGCT TGAAACCTGT TGTGTAAAGGCACCTAGGAGAATGAGGTAGACAGEAAGGAGATTCATCTGCTGOOOCAAGCAGAAAGCTTCTTCAGTTTAC
CITGTCTCTTAGGTTTTCTCCTTT TGOCTAGTGECAAGOEEECAGEECAGTGTGTGT TGTEEGTAOCATGCTOCTAGOCTCACCTATGCT TATCAGOGEECTCACAT TAGAGCTACTGGATACTGGTATCTGT TCTAOCT TGEGGT TTTAC
AGTCAGATTACAGTTAACOSGTCTTGCATTTCAAACCACAAAGGTCCTGTGECT TCACCAAAGCAATCCTAGTCTGIGICT TAACACT TCTGOOCATGT TTCAGTGAGT TATCT TATOOCTOCACAGAGGAATGCACATTTCAGTGCAGA
AGGATCCAAACTGTAGCATTCACACAAATCCTAGT TCACAGAGAGGAGAAATAGAAAAAGTAGACCTTTGT TGCAAT TTAGT TTTCAGTCATTGATATAGACT TGGTGGEGAT TTTCATGTACAAGAAATCGCACAAAAATTCCTAAGICAC
TACAATTTTGAAAATGTGT TTCATTATGTAGAGTAATCT TCAAGACTACTGTOCACAGAAT TCTAAACACT TAATACCT TTAAGCGACTTAAGTATGT TGTGEOCTCATAAGGAGTGAGAATCT TTGTGATTOGAGCCAAAAAGGAAAAC
TGTGTIACTGIAAAATTTTGTACCAGAAGAAGTGEEGAAAAAAAAAAAAAAAAAAAGGAT T TCAGATCTAAAAACAGTCCTCAGATGTATCATTTTAGCCAGT TTAAAGT TTATTGT TGCATTTAATTAAAACATTGAATAATAT TATATA
CATATTTATGACTAAAAACAAAAGCAAAGCAACCTATATCT TTTGACAAAAATAGT TCAGCTAAAAGAATCT TGATCAATTCTCTCAT TCTCATTGACATTACCT TTGCATCTACAGATGGATAAT TGCTTTCOCATTTAATTAATAAAA
GGTTAAAATATTCAATGAAGAAAAAAATGTGCATAT TCAATACCAAT TATGGTGTCAAAT TTCAGACTAGTAAGTOCACAGATTAGGACTCCTACATTCTAATATAACOCATAGAGT TCTGGT TATATACAGATGACAAAAGGAAAGAAT
AGATGAGTIAAAAGCAATTTTTAATAATCATAT TTATTOOCATTCTTAAGAACAGAGAAGGAAAAGAAAATCACACCAAGT TTTAGCAAAGTATGCTTTTGT TTGCACATTTCTAGT TAT TCTGTGAATTTCTTCACATTACCACTACCTT
ATCCACTTTOCAGICTTGCTAGATAGTATGAAAGTATAGACATCT TGATGCTATGECTGCAACACTCAAGECAACATTAGTCAGCTCT TGAACACAGACT TCAAGCATGGAAAGAAGGAAACTATAGCAAATTTACTGACAATGCAAATC
ACAGAAGATGGAAAAAATCTGI TTACTTGACAACATGACTACCCTAGAGGATAGGT TTTTGT TATTTATT TTGT TTGTTATATATGT TTGT TT T TGGTGAGGAGGGTCTGGAAGATGEAGGAT TTTGATAAATGAGGT TTGAATAATAGC
ATATTGAAATCAGTATAATATATATTTTTGTACATATTATCACTTCT TTTTGATACCTGACACTACAGTCTGAAATGGAGCACTOCTAGTGGTTGAGT TCAATTCTAGT TATGAAAGTCTATTTTGATACATTTCT TACTTGOCAATAGA
AGCOCAGCTAATAAGCTGAGCCTGICTGCTATTAATTAAAGTATGT TACACTAAAAACCTGAAGCACAAATACATGGTAGCAGAGCATGI TCTGIATGCTGT TACTOCTCATGOGATAAGCAGTGCATTTACTCAATGGATGCACATTGCT
TACATTTTTAGAGCTATTAAGCTGGGATAAT TATGGAACAATCTAGGCAATGCTCAATAGOOCATGCAGACGEOCTGACAGEECATGT TGTCTCT TAATTAGGAATCTGAATGOCTAATGCTTGTATAT TAACTAAAATAAT TGGATAGAT
GTTTTACATTTTCTTCACTTTTACTGACAACCAAGCAAGEGACCACACGAATCAGCT TATCT TCTCAAAACATCTCAT TTCATTTGCACATTCTAGGTCACCTAATATGT TTTTTTTGGT TTTTTTTTTAAGTGGGATTTTTAAGAGAAT
TGGTGCTAGTTACTGTGIAAACATATTAAAAGATGCTOCTCAGTGAGOOCAGCAGT TTTAAGCT TTCTCAT TAOCATGCTATCATAACCTACACAGTGTAATTACCTGACTGIATCT TTTTAGCTOCTCAGAAGACAGT TAAAATTGCAA
TAGTOGTTATGGTTTTTTATTGT TTCTAAGTGOOGATAATGGEGATACATAT TGT TACAAAGTCAGT TCTGATACCATACTAGGACAATTTGCTATCAATAATGTGAAAAT TTTCTCTGCACTGTACAAAGCTCCT TTOCATAAAATGCAG
AAGTTTTOCAAGEECTTTCTGGATGEGEACTACAAAGOOCTEECTACAGAGGAGAGGTCT TCATGAACATAOCTAACTGOCT TTCACCT TCACT TACTTACTGEGT TTACT TTCTCCTGCAAGTAAACCCAGTGCTTACTATGATACCATC
CTTAAGOCCATTTOCATAAGTGAAATACCAT TCATGTCCTATCAAAAATAAT TTTTAAAAAAGT TACAAAAT TOOCCTGEECACCTTGT TTGTACAACTGEEOCTGGAATGAGOGACTOCTTTAATCCATGOCTCCTATGTATGTGAGCEA
GTACTGTIACTCACCAATATATACATTGT TTATATTTAGGATGTCTGATAAATGTGT TTAT TCACAACTATTAGTATAAAAGCTCCTTTAAAAGCAACAAAT TGCTCTCTATTAGTAATGTGCATAATGACCTATTTOCATAAACATTTTT
AGTATGAGAAATTTTAATGTGCAAAACOCTGCAGACATTTTATGGAAATCTGACTGTAT TCTGCAGAAGTGCATCACAGTCATATTTTCTTCTCTAATATTTTGAGAGGTGAATTACTTTOCTTCTGATATGTAGTATGAAAGAAGCAGC
CTGECACACGAAAAAGGAAAATGAGICTTAATGTGT TTCTGICT TGCTAATGIATACT TGT TTGATTGATGTAAGGATTTTTTT TGECAGAAAACATACAACOOCTGT TTTGT TTTGTGGTGGTTGI TGT TTTCTTTCTTGAATATTTAT
TTTAAAAGIGTGATGGAGGT TTTATAAAAGCTCTTTCAATGCAGTCATAAGGGAAAAGAATAATAACAGAATGTCT TTACGGTCAAAAGGATGAATAGATCTTATTTTGT TGTACTGGAACT TTTACTGATTTCTATACCTACATGCAGG
TTTAAGIATGTAAAATCATATTOCCAAAATATTTTGATGCT TTTTTAGAGGCACGGECTTCAGAAATTAGOCTGAGGAGT TTAAACCTGTCTTAGCT TTATGCTTTTGT TTAAAAATCATCAAGCAAGTCATTGATACTGTATAGAATCTT
AACTGTACTTCTCAATGTAATGCACAACATGCTTACTGAACAATACGAGATGI TTCTATGTCAACTTACT TTAGCT TTGAAGCAAATAAGECCT TTCTTTCTGOCATGAAGAGCTTAAAGCTTGIAAACTATCAACAATTACCATAAAAG
TTTGTAAAAATAGCCTAACTAGTGICAGGTGOCAATCACCTACATTGTGTGAGTAGT TCTGCTAAAAT TCTGTGEGAAAGGEOCAGCAAGGT TTTAGTCTGAAT TAGECTAATGECACAAACAAGTGAAGGAAGTAGTAATAAAAAATGTC
TATAGATCTAACATCGAAAAAAAATGT TCAGTCTTTCAACTCTGCTTTGAAGATACTGTAAGCAGTCTGTGT TAGGAAAACACTGOOCAAGGTTAAAGCACAGECAGAGCACGEOCTCTGAGT TCAATACTGOCT TTGACAATAATTGIAC
AAATTTTGAAAAATTCOCTGEGTGATATTTTTTAATCTGAAT TTAAAAGATAT TCACATGTAGCATGT TTAAGCCATOCCTAATGTATGCAGAGAATAAT TTTTAGCT TTATGAAATGCTCTGCAGATGTATGEEEGAAAACAAACAAAC
AAACATGTGAGGTGTCAAAGAAGTGAAAAAGATTAAAATATAAACATCCT T TGEGATATCTAGGAGAAAAGCAGGTAOOCATATTTCTGATTTTGTOOCACAAAAGT TGATGOCCT TTGCAGTATCCATATGT TCTGT TTGAAAACTGAG
TAATATATOOCAACTGGAATGAAAATCTAAATTAAACCCTACATTGT TGAGGAGATTTGTGCAGTAGAAATATAGACATGGATCATCATCT TAGTTAGECAGTCATTTAATTTT TAGCATGTGOOGCTGACT TCTGTGGTCTTTGACAGA
GAAATGGTTATAAACTTGCTCAACAGCT TGACTGGATATGAGECTGGACAGTGCATTACTATTTAAATATTAGT TTAAACTGATTACCAAGAGCTGAGGEOCTGCAGGEEO00EEECATTGCACAAGATAAAAATATATCATCATGGATCTG
AATTCATCTATGTOEE0GACGTOECATGCTAO0EE00E0CATCGATCTATGTACGEGTEOCGAGAAAGAGGTAATGAAATEECACATEEEEC

TOGACCATATGEGAGAGCTOOCAAGGAGAAAGAGGTAATGAAAT
GECATTATGEGTATTATGEGTCTGCAT TAATGAATOEE0CAACGEOE0EEECACGAGEOEGT TTAOGTAT TAEEOGECTCT TAOGECT TOCTARCTCACTGACTAECTEOECTOEGTAGT TAGECTAOEE0GAGOSGTATCAGCTCACTCAAAG
GOGGIAATACGGT TATOCACAGAATCAGEGECATAACCECAGCAAAGAACATGTGAGCAAAAGEOCAGCAAAAGGOCAGGAACOGTAAAAAGEOOEOGT TACTERGT TTTTACATAGECTCOGCOCTGACGAGCATCACAAAAATCCA
CGCTCAAGTCAGAGGTCGEOGAAACTIGACAGGACTATAAAGATACCAGEOGT TTAOOCTEEAAGCTAOCTAGTEOGECTCTACTGT TACGACOCTAOOECT TACOSGATACCTGTOOEACT TTCTAOCT TABEGEAAGOGTGEOCCTTICT
CATAGCTCACGCTGTAGGIATCTCAGT TASGTGTAGGTAST TASCTACAAGCTEEECTGTGTECACCAACCOOOOGT TCAGTIOGACIECTAOEOCT TATAOSGTAACTATAGTCT TGCAGTOCAACTOSGTAAGACACGACT TATABOCA
CTGECAGCAGCCACTGGTAACAGCGATTAGCAGAGCCGAGGTATGTAGEOEGTECTACAGA IAACTACSECTACACTAGAAGGACAGIATTTGGIAN GA
GTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTAC

Figure 18. Putative Sequence of pRcnSS | ns57-111. The kanamycin resistance geneisin blue; the PI-Scei and |-Ceul sites
arein green; mSTOPisin magenta; Ins57-111 isin cyan; dSTOPisin yellow; and the origin of replication isin cyan

111 backbone to generate pRcnP_Ins57-111. pRcnP_
Ins57-111 was digested with 1-Ceul, blunted, and then
digested with I-Ppol. pSH_PPS50G_PSPSC PITR was
digested with Pmel and I-Ppol, and the Ins57-111 insert
was ligated into the pSH_PPS50G_PSPSC_PITR
backbone to generate pSH_PPS50G-111 PSPSC PITR.
pSH_PPS50G-111 PSPSC PITR wasdigested with Spel
and recircularized to generate pSH_PPS50G-111s
PSPSC_PITR. The sequence of pSH_PPS50G-
111s PSPSC PITRisshownin Figure 19.

Construction of pd@d PSPSC:

pSH_PSPSC was digested with Smal and Pcil.
pBS KS+ was digested with Apol and blunted, then
digested with Pcil, and the PSPSC insert was ligated into
the pBS backboneto generate pd@ PSPSC. The sequence
of p@@_PSPSC is shown in Figure 20.

Construction of the C-I cassette:

The LacZ ORF was amplified from pShuttle LacZ
(pShuttle_LacZ is part of the BD Adeno-X™ Expression
System 1 kit) using primers 5-CGAGGGGGGATCGA
AAGAG-3 and 5-ATGTAGCCAAATCGGGAAAAAC
G-3'. pSHPB_gSTOP was digested with Swal and
dephosphorylated, and the LacZ amplicon wasligated into
the pSHPB_gSTOP backbone to generate pSHPB
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gSTOP_LacZ. The poly(A) addition signal of rat
glutathione S-transferase pi subclass (GST-P) was
amplified from rat genomic DNA using primers5-CAGA
CTAATAAAGTTTGTAAGGCA-3' and 5-GATCACA
GCATTTGGGAGA-3'. pBS was digested with ECoRV
and dephosphorylated, and the GSTP poly(A) addition
signal was ligated into the pBS backbone to generate
pBS (rGSTP)pA. pBS (rGSTP)pA was digested with
Sall and Sacll and blunted. pPSHCB_gSTOP _LacZ was
digested with Notl, blunted and dephosphorylated, and
the (rGSTP)pA insert was ligated into the pSHPB _
gSTOP_LacZ backbone to generate pPSHPB_gSTOP_
LacZ-pA. pTRE-Tight wasdigested with Xhol and EcoRI
and blunted. pSHPB_gSTOP_L acZ-pA wasdigested with
Ascl, blunted and dephosphorylated, and the TRE-Tight
promoter was ligated into the pSHPB_gSTOP_LacZ-pA
backbone to generate pSHPB_Tight gSTOP_LacZ-pA.
pSHPB_Tight gSTOP_LacZ-pA was digested with |-
Ceul, blunted and dephosphorylated, and an I-Ppol site
(5-GCTACCTTAAGAGAGCCGG-3) was ligated into
thepSHPB_Tight gSTOP_L acZ-pA backboneto generate
pSHP_Tight gSTOP_LacZ-pA. pSHP_Tight gSTOP_
LacZ-pA was digested with PI-Scel, blunted and
dephosphorylated, and an I-Scel site (5-TAGGGATTACC
CTGTTATCCCTACAGGGTAAT-3) wasligated into the
pSHP_Tight gSTOP_LacZ-pA backbone to generate
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GEEGTCTCGAQSCTCAGTGEAACGAAAACTCACGTTAAGEGATTTTGGTCATGAGAT TATCAAAAAGGATCT TCACCTAGATOCT T TTGATACTOOEE0GT TCAGOCTGTAOCACAGIOGACAGGATGGTGACCACCATTTAOOOCATATC
ACOGTOGGTACTGATAOOGTAGTCAATAAACOGAACOGCTACACOCTGAGCATCAAACTCT TTTATCAGT TGGATCATGTOEEOGEGTGTOE0EE0CAAGAQGGTAGAGCT TCT TCACCAGAATGACATCACCT TACTACACCT TCATACT
CAGCAAATOCAGOCCT TAOOGATCTGT TGAACTGOOGGEATAOCT TGTAGGTAAAGATGOGEGT TAGCT T TTAGOOCTGCATCT TTGAGOGCTGAGGTCTGOCTAGTGAAGAAGGTGI TGCTGACTCATACCAGEOCTGAATOEOOCCATCA
TACAGOCAGAAAGTGAGEGAGOCACSGT TGATGAGACCT TTGT TGIAGGTGGACCAGT TAGTGAT TTTGAACT TTTGCTTTGOCACCGAACGGTCTAOGT TGTOEEEAAGATEOGTGATCTGATCCT TCAACTCAGCAAAAGT TCGATTT
ATTCAACAAACOOCOOGTOOOGTCAAGTCACOGTAATCCTCTCOCAGTGT TACAACCAAT TAACCAAT TCTGATTAGAAAAACTCATOGAGCATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTTTTGAAAAA

GCTTOOCATACAATOGATAGATTGTOGCACCTGAT TGOOOGACAT TATOGOGAGOOCAT TTATACOCATATAAATCAGCATOCATGT TGGAATT TAATOGEOGGOCTAGAGCAAGACGT TTAOOGT TGAATATGGCTCATAACACOOCTTG
TATTACTGTTTATGIAAGCAGACAGI TTTATTGT TCATGATGATATATTTTTATCT TGTGCAATOO0GEE0CCTECAGEOCTCAGOGEOOGCTCT TCAT T TOGOBCAATTAACOCTCACTAAAGGGAACAAAAGCTGTTACTACGTTAAT
TAACATCATCAATAATATACCTTATTT TGGATTGAAGOCAATATGATAATGAGEEGEGTCEAGT TTGTGACGTEE0E0EEEEIGTEEEAACSEEEOEEGTGACGTAGIAGT GICEUEEAAGTGTGATGT TECAAGTGTCEOEEAACACATG
TAAGOGACSGATGTEECAAAAGTGAGGTTTTTAGTGIGO3OOSGIG

QGCGATCAAACOGEEO0G0GECAATTCEATT AA
AAGOGTGEEEE00CTACAGCAGOOCT TATCATCACCTGEOCAGCCACCTGOCTCAGECTEEECAGECTECAGOCTGEGECT TTCTGCTAT TERECT TAOCAGATAOCTGEAACTOCAGCTGEEE0OCTGEECTGIGGTCTGACT TGATGCAGA
ATTTAATGAGTAGAAGGAATGEAAGAAGECTCAT TGOCOCAGOCTGEEACACAGACAGCAGACACAGAGEICTCCAGCACAGTGAAGCCTGIGEAGCAGICOOCTOCAGAATECAACCT TGTAGGAGEECAGCACCATGEEOCAGCAACT
CAGGCTCITTGAGATCTGACOCAACTOCTGECACGT TGGAGATGTAOCATAGACCAGTGT TGAATGAATGGGACTGAAACCAGAAGIAATGT TAATGTOEOGTAGEEGTAATAAT TTCTGAT TTTAATGT TGGT TTGATCCT TOOCAAAT
GTTAAACTGATATTTAGAGAAAGEGAAGGAACTTGTCATAAAAAAAGGAAAAT TCAGTGCAGTIGTGCTGCAATAAAAGAATATGACOCCTATAAAACT TTATAGGGTATAAATTTCTGAAGGT TAAGGAACTAAACGGEGCTGTAAAGCAAA
CAGTGCAAGAAAACTTTCAGGAACTCCTAAATTACTACAACGACT TAGEGAATGTGEGEEAAACCCAACGOGTAAATGCTCTTAT TTCTGCT TAGGTABCATATAAAGT TACCTTCTTTATTCTTGT TTTGT TTTGI TTTGT TTTGCTTTGC
TTTTTACTAACGGAGEEEEGEAGTTAAAAAATAAGAGATAAGT TEBEEEGAGAGAAAAGGTEEEGAGEGACT TTGECTAAT TTATTCT TCTACTGCAGT TROOGTGAAAATOOOGCACTCTGEATGATACOCTTTGT TCTTTTTTTTTTTT
QCCTTTTCTTICTTTTTTTCTICTCTCICTICTTTTTTTTTTCTTTCTCTTTCTTTAAAGCAATTOCAGGCTGOCAGAATGCAGAGOOGTGCACACAACAACACACOCAGEEECACOOOOECACTCACACACTOCAAGT TCTGEOGAGACGT
CTGECECTTGEGAAGCTCTTTATOGGT TTACAGOOCTGEOCT TAOOOCTOCAGAGCAGAATGACCAATTGT TTAGTCTOGGAATTTGAAACAATAGTGGT TT TCAAAAGCAACCCCATTTTGTCTCTTTTATTGCTAGCAGAGOGECTGEA

GTGCTTATTTCAGAAACATCTOCACAATTCTGEGT TAOOCTOOCCTGOOOOCATTTAGATCT TTATCAGAAAGOCTGTAGCTCTCAGACATCTOOGTCT TOGAGECTCTGEAACTGEGAAGGACATGOOCCAGGATGATTACAAGGTTAC
CTTOCAATGECTTAAAGGAACCATAAGAGOCAGEGECTGAGOCTCTOCATGEAAGAATAGGECTAGECTAGECATOCAGATCAGGTAAGGACOOOCACAT TACTAGATATAATTAATAAAGACAAACATTTAAAATATCACTATGGCACTTC
GTTATTATTGCTTTGT TTCTGATATATACATATATATGTATATCATATGCACATACATATACATATACACATACATATACACATACACATACATATACACATACACATATACATATACACATACATATACGCATACACATACATATACAC
ATACATATACACATATACATATACACACATACACACATACACATACATATACACATACACATATACATATACACATACACATACATATACACATACACATATGTACATACACATACATATACACAT TCACATACATATACACATACATAT
ACATATACACATACATATACACATATACATACATATACACATACACATACATATACACATACACATATTTATACACATACACATAT TTGAGACAAAGTCTTACAATATAGGGTAGGCTTGTCTGGAACT TTCACTAATACTCTTGICTCA
GACTCTCATGTGOCAGGAT TAT TATAGCATCAGOCATCATOCACGACCACCATGAAGGT TTGTCAAATTTGAGAAGOCTGACTAATGTAAGCAGAAAGGAGATTTCTGAACCAGECATGGTAGEECACACQCTGT TATGCACCAGAGECTG
AGAAAATGAGGT TTTCTGICTGGTGCTTTGCTAACACATAAAATATATAACATTTTTCTAGATTATCT TT TCTGACGTCTOCAACACATACATATATCACTCATCAT TTTATTCTACACT TTAAGGTGOCATACATACATACATACATAC
ATACATACATACATATGTACATACATTTGCTTATTCAT TAGOCATGTGGACTCTAGOOCAGGECTGACCTCAAACOCTOCATGT TCTGGAAAATGATOCTGAACT TCTGGTACTACTACT TCTGOCTCT TTAGTGCTGEGAATGCAGGTGT
GTAGCACCACAGOCAGT TTCTATGECACTGEGEEGTGEAACTCAGEACT TTGTGOCTGGTAAACATACAT TCTGCAAACTGAGCTACAAGOOCAGOOCCATATAT T TGTATCTAAGATAAGGTCTAGGECGATTT TABGGAGGT TAEOCTASG
GCTOCTGAGCTATAGT TGTCTTOCTGOCTCAGT TTOOCATGTAGT TAGAACTGTAAGTGTOGCTTACTGCAACCAGCTTTTTATATTCTCATCTTTAOGT TTTATATAGTATATAAATCTGT TATTTACTGT TTTAACGTTGAGAAAATC
ATTTACTTACTATGT TGTGCAAGGGAGTGTCACATCCTGCTTGGTGECAGATGTCTTTATCTGCTAAGCTGTCT TGCTGEOOCTTCAAAT TTTTCTTTTTTGTCCATTATTTATTCTGT TTTACATCCATAACTGTCCTTTTTGTGCTCT
ATATTTCTAGAATGTGCACTCTCTGIGIGIACATGGT TCTGCAGACOCCTGT TGTAGT TGAGECATCTGEAACGTGTGAGOGTGOGO00OCTGGTGGT TAGICTATTGT TTTACT TAGCCAAACTATGEOCTATTAAAACTCTGGTTTTA
GTTGOCAAACAGGECTAGCCTGTGECTTAGAGAGAAAGAAGCTGAGT TGCAGEGAAATAAGGTGACAGOCAATCTCT TGTCAGOCACAAGCAGAGOCTGAGACAAGAGGT TCTTCTCAAGACOCT TGEEECTEEGAGGAGCECTTACAGATC
TAATATGTCAGTCCTAGGGCAT TTGAGGAGAAAGCATGGATGEGAGAAAT TACATCT TOBOOOGAGTGOCTCTAOOCAGCAAAGT CTGCACQOCATCTGACTGEEAATGAOCTGOEECTGCATTAGGTCAGTAAGTGECAGTGIAACAGCAA

\CAGTQCTTOOOCAACGCATGEECAGTGATGAGGACTGEGTAACAATGGT TACTCAGCCTCICT TTGOCAATACOCTCAGECACOCTAOGTCTCIAAGAAGTATGTCTGCTCAACAACOOCCAACT TCTTGGGT TTTTTTTTAACATTGA
TTTTATTTTATATGCATGAGTGCT TAOOCTGCATGTGTGTATGTGCATCATGTGCACCACGGTAAGAAGAGAGTGTCAGATOOOCOCTAGAACTGGAGATGTGAATGCT TGTGAACCACTATGTGAGCATGCTGGACACTGCACOCAGGT
CTTCTGAAAGAGCAGOCAGGACTTCTAAGCACTTAGCAGTCCAGCTTTTTTTTTTCTCAAATTTTTTTACTTGAAACTACT TCTCTGCAGT TTGCTACTGGAGT TGAGGTTAGTGTGTGCTAGGTCTACACAGAAAAGGGECTCACACATG
GAGGACCTTGEOCATCACCTAOCTCTGTAGATAAAATTTTGT TGGACCCGATCT TGTATATTTGT TTCAAGACAGGGT TTCTCTGTGCAGOOCTGGATGTOCTEGAACTCACT TCAGGCTGEOCTCTAACTCACAGAGGTCTGOCTGTGTC
TGOCTCTTTTTTTTTICTOCTCTTICTTICTTTICTTTCTTTOCTTCTTTICTTTTTTAAAAGATGTATTTATTTATATGAGTACACTGTCACT TTCTTCAGACACACCAGAAGAGGECACCAGATCTCATTAGOCACCATGTGGTTGTTCEG
AATTGAACTOEEEECCTCTGEAAAACTCTTAACCACTGAGOCATCTCTOCAGOOOCTGICTEOCTACTGAGTGCTAEGACT TAAGGTGTGCTACAGAACTACOCAGCOCATGOCTGTCI TTTACATGGTTGTCTGT TTGCT TTTGTGCAAT
GECAGIGGTGEECAAGATGAACTIOCACAGCTACTGTGCTGTCACAGAGATTAAACGECATGCTCTOCATOCAGTGTAGAAACTGCTGACOCCT TGTACOGTGTAOOOCAGACACTGAGTOGTGAGCATCTTTASGTGICATT TACTTCACC
AGGGTGGTTGGTATGEAGTGOO0EE0EGT TCTOOGEOECAACACCT TGAT T TCATTAGOGGCAGCACOGAAATATTAGT TTAACATTAAAATCAGAAATTAT TAGOOCTACCOGACATTAACATTACT TCTGGT TTGGTAGOGAATCCACT
AGTGTCAGGTGOCAATCACCTCCATTGTGTGAGTAGT TCTGCTAAAAT TCTGTGEGAAAGGEOCAGCAAGGT TTTAGICTGAATTAGECTAATGECACAAACAAGTGAAGGAAGTAGTAATAAAAAATGTCTATAGATCTAACATGGAAAA
AAAATGTTCAGICTTTCAACTCTGCTTTGAAGATACTGTAAGCAGTCTGIGT TAGGAAAACACTGOOCAAGGT TAAAGCACAGECAGAGCACECCTCTGAGT TCAATACTGOCTTTGACAATAATTGTACAAATTTTGAAAAATTGOCTG
GGTGATATTTTTTAATCTGAATTTAAAAGATATTCACATGTAGCATGT TTAACOCATOOCTAATGTATGCAGAGAATAATTTTTAGCT TTATGAAATGCTCTGCAGATGTATGEEGECAAAACAAACAAACAAACATGTGAGGTGTCAAAG
AAGTGAAAAAGATTAAAATATAAACATOCTTTGGEGATATCTAGGAGAAAAGCAGGTAOOCATATTTCTGATTTTGTOOCACAAAAGT TGATGOOCT TTGCAGTATCCATATGT TCTGTTTGAAAACTGAGTAATATATCOCAACTGGAAT
GAAAATCTAAATTAAACCOCTACATTGT TGAGGAGATTTGTGGAGTAGAAATATAGACATGGATCATCATCTTAGT TAGECAGTCATTTAAT TTTTAGCATGTGOOGCTGACT TCTGTGGTCT TTGACAGAGAAATGGT TATAAACT TGCT
CAACAGCTTGACTGGATATGAGECTGGACAGIGGATTACTATTTAAATATTAGT TTAAACTGAT TACGAAGAGCTGAGGEOCTGCAGEEOC0GEECAT TACACAAGATAAAAATATATCATCATGGATCTGAAT TCATCTATGTOGEOGAC
GTOGCATGCTOO0GEO0G0CATGATCTATGTAGEECTACCT TAAGAGAGOOGEOCACATCAGAGAT TTTGAGACACAT TACCCTGT TATACCTAGGTAGOGAAAGCTCAGATCACOCATAATACOCATAATAGCTGT TTGOCAACOCATA
ATACOCATAATAGCTGT TTGOCAGATCTGAAT TCATCTATGTOEGEGTGOCGAGAAAGAGGTAATGAAATGECATTATGEGTAT TATGEGTCTGCAT TAATGAATOGGEOCATAACTATAACGGTACTAAGGTAGOGAAACGOGOGEEGEAGA
GEOGGTTTEOGTAT TAEEOECTCT TAOECT TACTARCTCACTGACTOECTEORCTAEGTAGT TABECTEOGEE0GAGIGGTATCAGCTCACTCAAAGGEOGGTAATACGGT TATGCACAGAATCAGEGEGATAACCCAGGAAAGAACATGAAA
CTGATATTTTTACTOOGEOOCTAAAACCTAGGTCACOOGE0000GT TOOCACEOO00GOE0CACGTCACAAACTOCACOOOCTCATTATCATAT TGECT TCAATOCAAAATAAGGTATATTATTGATGATGT TACATOGT TAAT TAACGATT
CAAGCTTAAGIAAGTGACTAGAACTTGI TTATTGCAGCTTATAATGGT TACAAATAAAGCAATAGCAAATAT TAGT TTCATGTGAGCAAAAGGEOCAGCAAAAGGEOCAGGAACCGTAAAAAGEOOCEOGT TACTGROGT TTTTACATAGECT
QOB00000CTGACGAGCATCACAAAAATOGACCCTCAAGTCAGAGGTAEOGAAACCOGACAGGACTATAAAGATACCAGEOGT TTAOOOCTEEAAGCTOOCTAGTAOECTCTACTGT TAOGACOCTAOOECTTACOGGATACCTGTAOC
CTTTCTOOCTTOGEGAAGOGTGEOCECTTTCTCATAGCTCACECTGTAGGTATCTCAGT TASGTGIAGGTOGT TAGCTOCAAGCTEEECTGTGTGCACGAACCCCOOGT TCAGOOOGACOGCTEOEOCTTATGOGGTIAACTATGGTCTTGA
GTOCAACCOGGTAAGACACGACT TATOGOCACTGEECAGCAGOCACTGGTAACAGEATTAGCAGAGTGAGGTATGTAGEOGGTGCTACAGAGT TCTTGAAGTGGTGAEOCTAACTACEECTACACTAGAAGGACAGTATTTGGTATCTAOC
TCTGCTGAAGOCAGT TACCTTACGAAAAAGAGT TGGTAGCTCT TGATOOEECAAACAAACCACOCCTGGTAGOEGTGGT TTTTTTGT T TGCAAGCAGCAGATTACGUGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCIAC

Figure 19. Putative Sequence of pSH_PPS50G-111s PSPSC_PITR. The kanamycin resistance geneisin blue; the Pacl
sitesarein green; the inverted terminal repeats arein black, the packaging siteisin yellow; the Gene Racer primer used to clone the
5 end of gLF isalso in yellow; the gSTOP sequence isin red (the first 9 bases of the gLF ORF arein blue); Ins50G is in magenta;
Ins57-111sisin cyan; the I-Ppol, I-Scel, PI-Pspl, PI-Scel and I-Ceul sites are in green; and the origin of replication isin cyan

pSHPS Tight gSTOP_LacZ-pA. Stuffer DNA 52 was
amplified from chicken genomic DNA using primers 5'-
TCATAGGGTTGTTGGGTTGTTT-3 and 5-ATCCTCT
TCTCACTGCTGCTACT-3'. pBS was digested with

LacZ-pA _Ins52. pSHPS Tight gSTOP_LacZ-pA_1ns52
was digested with Pmel (to removethe gSTOP sequence)
and recircularized to generate pC-l_Tight-LacZ. The
sequence of pC-1_Tight-LacZ is shown in Figure 21.

EcoRV and dephosphorylated, and the stuffer DNA 52
amplicon was ligated into the pBS backbone to generate
pBS Ins52. pBS Ins52 was digested with EcoRI and
Hindlll and blunted. pSHPS Tight gSTOP_L acZ-pA was
digested with Pstl, blunted and dephosphorylated, and the
Ins52 insert was ligated into the pSHPS Tight gSTOP_
LacZ-pA backbone to generate pSHPS Tight gSTOP_

Construction of the C-I1 cassette:

TheHSVTK ORF wasamplified frompCM-TK using
primers 5-TCTAGATTGGTGGCGTGAAACTCCC-3'
and 5'-GTCGACGGTTCCTgCCGGTATTGTCTCC-S
and ligated into pGEM -T Easy to generate
PpGEM_HSVTK. pGEM_HSVTK was digested with

GEGGTCTGACGCTCAGTGGAACGAAAACTCACGT TAAGGGAT TTTGGTCATGAGATTATCAAAAAGGATCT TCACCTAGATCCTTTTAAATTAAAAATGAAGT TTTAAATCAATCTAAAGTATATATGAGIAAACT TGGTCTGACAGTTA
CCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTOGT TCATCCATAGT TAOCTGACTOOOOGTOGTGTAGATAACTACGATACEGEGAGEGECT TACCATCTGEOO0CAGTGCTGCAATGATACOEOGAGACOCACECTC
ACOGECTOCAGATTTATCAGCAATAAACCAGOCAGOOEGAAGEEOCGAGOECAGAAGTGGTACTECAACT TTATAOGOCTOCATACAGTCTATTAAT TGT TROOGEGAAGCTAGAGTIAAGTAGT TGGOCAGT TAATAGT TTGOECAAGGT
TGTTGOCATTGCTACAGGCATGGTGGTGTCACCECTOGTOGT TTGGTATGECT TCAT TCAGCTCOGGT TAOCAACGATCAAGGEOGAGT TACATGATOOOOCATGT TGTGCAAAAAAGOGGTTAGCTCCTTASGTACTOOGATAGT TGTICAG
AAGTAAGT TGEOOGCAGIGI TATCACTCATGGT TATGGCAGCACTGCATAAT TCTCTTACTGTCATGOCATOOGTAAGATCCT TT TCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGOGECGACCGAGT TACTC
TTGOOOGEEOGTCAATACEEGATAATACOGEOECCACATAGCAGAACT TTAAAAGTGCTCATCAT TGGAAAACGT TCTTOGEGEE0GAAAACTCTCAAGGATCT TACOGCTGT TGAGATACAGT TAGATGTAACOCACTOGTGCACOCAACTG
ATCTTCAGCATCTTTTACTTTCACCAGOGT TTCTGEGTGAGCAAAAACAGGAAGGCAAAATGOOGCAAAAAAGGEAATAAGEEOGACACGGAAATGT TGAATACTCATACTCTTAC CAATATTATTGAAGCATTTATCAGEGTTA
TTGTCTCATGAGOGCGATACATAT TTGAATGIATTTAGAAAAATAAACAAATAGEEGT TAOEOGCACAT TTAOOOGAAAAGTGOCACCTAAAT TGTAAGOGT TAATATTTTGT TAAAATTGEEOOCTGCAGEOCTCAGOGEOOCCTCT TCA
TTTAAATGTTAACATTAAAATCAGAAATTATTACOOCTACSOGACATTAACATTACT TCTGGT TTAAACGGEOCE0E00E0GATOE0GEEOCTEEECTACCT TAAGAGAGOOEEOCACATCAGAGAT TTTGAGACACATTACCCTGT TATAOC
TAGGTAGCGAAAGCTCAGATCACOCATAATACOCATAATAGCTGT TTGOCAACCCATAATACOCATAATAGCTGT TTGOCAGATCTGAAT TCATCTATGTABEGTGOGCAGAAAGAGGTAATGAAATGECATTATGEGTATTATGEGTCT
GCATTAATGAATOCGEOCATAACTATAACEGTACTAAGGTAGCOGAAACGEOCOEEECACGACEOCGTTTAOGT

GOCACTGECAGCAGOCACTGGTAACAGEAT TAGCAGAGOCAGGTATGTAGEOGGTGCTACAGAGT TCTTGAAGTGGTGEOCTAACTACEGECTACACTAGAAGEACAGTATTTAGTATCTGOGECTCTGCTGAA
AAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTAC
Figure 20. Putative Sequence of p@@_PSPSC. The ampicilin resistance geneisin blue; the I-Ppol, I-Scel, PI-Pspl, Pl-Scei
and |-Ceul sites arein green; and the origin of replication isin cyan
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GEGGICTGACGCTCAGTGGAACGAAAACTCACQGT TAAGEGATTTTGGTCATGAGATTATCAAAAAGCGATCT TCACCTAGATOCT TTTGATOCTAOEEOGT TCAGOCTGTGOCACAGOOGACAGGATGGETGACCACCATTTGOOCCATATC
ACOGTOGGTACTGATOOOGTOGTCAATAAACCGAACOECTACACOCTGAGCATCAAACTCT TTTATCAGT TGGATCATGTOGEE0EGTGTOEOEECAAGACGGTAGAGCT TCT TCACCAGAATGACATCACCT TACTOCACCTTCATACT
CAGCAAATOCAGOOCT TAOOGATCTGT TGAACTGOOGEGATGOCT TGTOSGTAAAGATGOGEGT TAGCT TTTACCCCTGCATCT TTGAGOGCTGAGGTCTAOCTAGTGAAGAAGGTGT TGCTGACTCATACCAGGEOCTGAATOGOOCCATCA
TOCAGOCAGAAAGTGAGEGAGOCACSGT TCATGAGACCT TTGT TGIAGGTGGACCAGT TAGTGATTT TGAACT TTTACTTTAOCACGGAACGGTCTAOGT TGTOEEGAAGATGOGTGATCTGATOCT TCAACTCAGCAAAAGT TGGATTT
ATTCAACAAAGCOEOOGTOOOGTCAAGTCACOGTAATECTCTEOCAGTGTTACAACCAATTAACCAAT TCTGATTAGAAAAACTCATOGAGCATCAAATGAAACTGCAAT TTAT TCATATCAGGAT TATCAATACCATATTTTTGAAAAA
GOOGTTTCTGIAATGAAGGAGAAAACTCACOGAGGECAGT TACATAGGATGECAAGATOCTGGTATOGGTCTEOGAT TOOGACTOGTOCAACATCAATACAACCTATTAATTTAOCCTAGTCAAAAATAAGGT TATCAAGTGAGAAATCAC
CATGAGTGACGGACTGAATOOGGTGAGAATGECAAAAGCTTATGCATTTCTTTOCAGACTTGT TCAACAGGEOCAGOCATTACGECTOGTCATCAAAATCACTOGCATCAACCAAAQOGT TATTCATTAGTGATTAOBOCTGAGOGAGAGGAA
ATACGOGATOGCTGTTAAAAGGACAATTACAAACAGGAATOGAATGECAACOGEOCCAGGAACACTGOCAGOGCATCAACAATATTTTCACCTGAATCAGGATAT TCT TCTAATACCTGGAATGCTGT TTTOOOCGEECATACCAGTGGTGA
GTAACCATGCATCATCAGGAGTAGGGATAAAATCCTTGATGGTOCGAAGAGECATAAAT TAOGTCAGOCAGT TTAGTCTGACCATCTCATCTGTAACATCAT TGECAACGCTACCT TTGOCATGT TTCAGAAACAACTCTGEOCCATAEG
GCTTOOCATACAATOGATAGAT TGTOBCACCTGAT TGOOOGACATTATOGOGAGOOCAT T TATACOCATATAAATCAGCATOCATGT TGGAAT TTAATGEOGEOCTOCAGCAAGACGT TTAOOGT TGAATATGGECTCATAACACOCCT TG
TATTACTGI TTATGTAAGCAGACAGT TTTATTGT TCATGATGATATAT TTTTATCTTGTGCAATGTAACATCAGAGAT TTTGAGACACAACGTGECTTTGT TGAATAAATOGAACT TTTGCTGAGT TGAAGGATCAGATCACGCATCTTC
COGACAACCECAGACOGT TAOGTGECAAAGCAAAAGT TCAAAATCACCAACTGGTACACCTACAACAAAGCTCTCATCAACOGTGECTAOCTCACT TTCTEECTGEATGATGEEE0GAT TCAGEOCTGGTATGAGTCAGCAACACCTTCTT
CACGAGECAGACCTCAGOGCTAGAT TAT TGAAGCAT TTATCAGEGT TATTGTCTCATGAGOGGATACATATTTGAATGTATT TAGAAAAATAAACAAATAGGEEGT TOOGOGECACAT TTAOOOGAAAAGTGOCACCTGAGGTAACTATAAC
GOTOECTACCT TAAGAGACOOEEEGTACIGAAACCTCAGATAGTGTCTCAAAATCTCTCATGT CEO0EE0CACEOOEOCATOE0EEEOGTUCAGT TTACTOOCTATCAGTGATAGAGAACGTATGTCGAGT TTACTCOCTATCAGTGAT
AGAGAACGATGTCCAGT TTACTOOCTATCAGTGATAGAGAACGTATGTCGAGT TTACTCOCTATCAGTGATAGAGAAGGTATGTAGAGT TTACTOCOCTATCAGTGATAGAGAAGGTATGTOGAGT TTATOOCTATCAGTGATAGAGAACG
TATGTCGAGITTACTOOCTATCAGTGATAGAGAAGGTATGTOGAGGTAGEOGTGIACSGTGEGAGEOCTATATAACCAGACCTOGT TTAGTGAACUGTCACGATOEOCTCEAGAAT TOBOEUGT TTAAACCAACAT TTACAGEEEEEATC

CAACTGATGGAAACCAGOCATABOCATCTGCTGCACEOCGAAGAAGECACATGECTGAATATAGACGGT TTACATATGEEGAT TAGTGEOGACGACTACTGEAGIOOGTCAGIATAGEEOGGAAT TACAGCTGAGOBOOGEGTAGCTACCAT
TACCAGTTGGTCTGGTGTCAAAAATAATAATAACCGGEGECAGGEOCATGTCTGOOOGTATT TOGOGTAAGGAAATACAT TATGTACTATTTAAAAAACACAAACT TTTGGATGI TAGGT TTATTCTTTTTCTTTTACT TTTTTATCATGGGA
GOCTACTTOOOGT TTTTOOOGAT TTAECTACATAAATGAAGAGOEEOCTAGACSGTATAGATAACCT TGATCAGACTAATAAAGT TTGTAAGECAGAGGTGOCT TAECTCCTGI TTACTAGTIGAAAGGGERCTCTGEGAACT TCAGCTGG
GAAAGGGTAGAAGACCAGAAAGCTTACACACAAGGGTGEGACCAGGACATCT TACTGCTTAGIATATECTGACCTTTTGAAACAGAAAGGTGIGIGIGIGIGTGIGIGGTGEATAGGAAGIAAAATAAACCAGCATCTAATGAAGAGEGT
TTCATGTTGATTTGOCAGTCAGTOOCAGGEAACACTCAGCACCTGEGTECAGEOCTGGTAGAGGATTATAAACTAT TCAAAGEGEOCTCTGECT TAECTGEOGATGCATGAGTGTCAATCTOOCAAATCCTGTGATCATCGAATTACAATTAG
AT

ATCAAGCTGEEO00GATCTGAAT TCATCTATGTOGGTAGEGATTACCCTGT TATOOCTACAGGGTAATGGAGAA
AGAGGTAATGAAATGECATTATGEGTATTATGEGTCTGECAT TAATGAATOSGEOCAACCOEOEEECACGAGEOEGT TTAOGTATTAEEOECTCT TAOECT TACTABCTCACTGACTOECTAOECTASGTAGT TABECTAOEE0GAGOSGTAT
CAGCTCACTCAAAGEOGEGTAATACGGT TATACACAGAATCAGEECATAACSCAGEAAAGAACATGTGAGCAAAAGEOCAGCAAAAGEOCAGGAACOGTAAAAAGEOCEOGT TACTAEAGT TTT TACATAGECTOOEOCCCTGACCACC
ATCACAAAAATOCAQECTCAAGTCAGAGGTEEOGAAACTOGACAGEACTATAAAGATACCAGEOGT TTAOOCCTAEAAGCTAOCTAGTAOECTCTACTGT TAOGACOCTEOOECT TACOSGATACCTGTAOGCCTTTCTAOCTTASEEAA
GOGTEEOCCTTTCTCATAGCTCACECTGTAGGTATCTCAGT TASGTGTAGGTAGT TAGCTACAAGCTAEECTGTGTGCACGAACCOOOCGT TCAGTOOCACOECTAOEOCT TATAOSGTAACTATGGTCTTGAGTCCAACCOGGTAAGAC
ACGACTTATGEOCACTGECAGCAGOCACTCGTAACAGGATTACCAGAGCGAGGTATGTAGEOEGTGCTACAGAGT TCTTGAAGTGGTAEOCTAACTACEECTACACTAGAAGGACAGTATTTGGTATCTAORCTCTGCTGAAGCCAGT TA
CCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTAC

Figure 21. Putative Sequenceof pC-l_Tight-LacZ. The kanamycin resistance geneisin blue; the I-Ppol siteisin green; the
TRE-Tight promoter isin black, the TATA box is in green; the LacZ ORF is in blue; the sequence containing the (rGSTP)pA isin
red; Ins52 isin yellow; the I-Scel siteisin gren; and the origin of replication isin cyan

EcoRI and blunted. pPSHCB was digested with Swal and
dephosphorylated, and the HSVTK was ligated into the
pSHCB backbone to generate pPSHCB_HSVTK. The
poly(A) addition signal of rat guanylate kinase 1 was
amplified from rat genomic DNA using primers 5'-
ACATCTATTCTCCCTGGGCTATTT-3' and 5'-TCC
TTCCTGGCAAGTGGTGT-3. pBS_KS+ was digested
with EcoRV and dephosphorylated, and the guanylate
kinase 1 poly(A) addition signal wasligated into the pBS
backbone to generate pBS (rGUK)pA. pBS_(rGUK)pA
was digested with EcoRI and HindlIl and blunted.
pSHCB_HSVTK was digested with Notl, blunted and
dephosphorylated, and the (rGUK)pA insert was ligated
into the pSHCB_HSVTK backbone to generate
pSHCB_HSPTK-pA. pTRE-Tight was digested with Xhol
and EcoRI and blunted. pSHCB_stopHSV TK-pA was
digested with Ascl, blunted and dephosphorylated, and
the TRE-Tight promoter was ligated into the
pSHCB_HSVTK-pA backbone to generate pSHCB_
Tight-HSVTK-pA. Stuffer DNA 53 was amplified from
chicken genomic DNA using primers 5-AACCGTCCA
CCTACCACCAAC-3 and 5-CTGTCAGCCTCATTTC
ACAAGATT-3. pBS_KS+wasdigested with EcoRV and
dephosphorylated, and the stuffer DNA 53 amplicon was
ligated into the pBS backbone to generate pBS Ins53.
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pBS_Ins53 was digested with Smal and Sall and blunted.
pSHCB_Tight-HSVTK-pA was digested with Fsel,
blunted and dephosphorylated, and the Ins53 insert was
ligated into the pPSHCB_Tight-HSV TK-pA backbone to
generate pSHCB_Ins53 Tight-HSVTK-pA. pSHCB _
Ins53_Tight-HSVTK-pA was digested with I-Ceul,
blunted and dephosphorylated, and a PI-Pspl site (5'-
ACCCATAATACCCATAATAGCTGTTTGCCA-3) was
ligated into the pSHCB_Ins53_Tight-HSV TK-pA
backbone to generate pSHP_Ins53_Tight-HSVTK-pA.
pSHP_Ins53_Tight-HSVTK-pA was digested with PI-
Scel, blunted and dephosphorylated, and an [-Scel site
(5-ATTACCCTGTTATCCCTA-3) was ligated into the
pSHP_Insb3_Tight-HSVTK-pA backbone to generate
pSHPS_Ins53_Tight-HSVTK-pA. pSHPS_Ins53_Tight-
HSVTK-pA was digested with Hpal and Pmel and
recircularized to generate pC-Il_Tight-HSVTK. The
sequence of pC-11_Tight-HSVTK isshown in Figure 22.

Construction of the C-111 cassette:

Stuffer DNA 56 was amplified from Chicken DNA
using primers 5-AGGCTGAATAAGACAGTAGTGG
TGA-3' and 5-GTTTCGGAAGTGCCTGCTAAG-3".
pSHcnB was digested with Pmll and dephosphorylated,
and the stuffer DNA 56 amplicon was ligated into the
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GEGGTCTGACGCTCAGTCGAACCAAAACTCACGT TAAGSGATTTTGGTCATGAGATTATCAAAAAGCGATCT TCACCTAGATCCT TT TGATOCTAOEEOGT TCAGOCTGTEOCACAGOOGACAGGATGGETGACCACCATTTGOOOCATATC
ACOGTCEGTACTGATOOOGTAGTCAATAAACCGAACOECTACACOCTGAGCATCAAACTCTTTTATCAGT TAGATCATGTOSEOEGTGTOEOCEOCAAGACGEGTACGAGCT TCT TCACCAGAATGACATCACCT TACTOCAGCT TCATCCT
CAGCAAATOCAGOOCTTOOOGATCTGT TGAACTGOOGECATGOCT TGTASGTAAAGATGOGGT TAGCT TTTACCOCTGCATCT TTGAGOCCTGAGGTCTAOCTAGTGAAGAAGGTGT TGCTGACTCATACCAGGEOCTGAATCEOOOCATCA
TOCAGOCAGAAAGTGAGEGAGOCACSGT TGATGAGACCT TTGT TGTAGGTGGACCAGT TAGTGAT TTTGAACT TTTGCTTTGOCACCGAACCGTCTAOGT TGTOEEEAAGATEOGTGATCTGATCCTTCAACTCAGCAAAAGT TCGATTT
ATTCAACAAAGCOEOOGTOOOGTCAAGTCACOGTAATECTCTEOCAGTGT TACAACCAAT TAACCAAT TCTGATTAGAAAAACTCATOGAGCATCAAATGAAACTCCAAT TTAT TCATATCAGGAT TATCAATACCATATTTTTGAAAAA
GOOGTTTCTGTAATGAAGGAGAAAACTCACOGAGGCAGT TACATAGGATGECAAGATACTGGTATOSGTCTGOGAT TGOGACTOGTACAACATCAATACAACCTATTAATTTOOOCTGGTCAAAAATAAGGT TATCAAGTGAGAAATCAC
CATGAGTGACGACTGAATOOGGTCAGAATEECAAAAGCT TATGCATTTCT TTOCAGACT TGT TCAACAGGOCAGOCATTACGCTAGTCATCAAAATCACTOGCATCAACCAAACOGT TATTCAT TGGTGATTGOGOCTGAGOGAGACGAA
ATACCCGATOCCTGT TAAAAGGACAATTACAAACAGGAATOGAATGCAACOGEOGCAGGAACACTGOCAGOGCATCAACAATAT TTTCACCTGAATCAGGATAT TCT TCTAATACCTGGAATCCTGT TTTAOOGEGEGATOGCAGIGGTGA
GTAACCATGCATCATCAGGAGTACSGATAAAATGCT TGATGGTOEGAAGAGGCATAAAT TOOGTCAGOCAGT TTAGTCTGACCATCTCATCTGIAACATCATTGECAACGCTACCT TTGOCATGT TTCAGAAACAACTCTGGEOGCATAGG
GCTTOOCATACAATOGATAGATTGTOGCACCTGAT TGOOOGACAT TATOGOGAGOOCAT TTATACOCATATAAATCAGCATOCATGT TGGAATT TAATOGEOGGOCTAGAGCAAGACGT TTAOOGT TGAATATGECTCATAACACOOCTTG
TATTACTGTTTATGTAAGCAGACAGT TTTATTGT TCATGATGATATAT TTTTATCT TGTGCAATGTAACATCAGAGAT TTTGAGACACAACGTGECTTTGT TGAATAAATCGAACT TTTGCTGAGT TGAAGGATCAGATCACGCATCTTC
COGACAACCCAGAQOGT TAOGTGECAAAGCAAAAGT TCAAAATCACCAACTGGTACACCTACAACAAAGCTCTCATCAACOGTEECTAOCTCACT T TCTAECTAGATGATEEEE0GAT TCAGEOCTAGTATGAGTCAGCAACACCTTCTT
CACGAGECAGACCTCAGOCCTAGATTATTGAAGCATTTATCAGSGT TATTGTCTCATGAGOGGATACATATTTGAATGTATT TAGAAAAATAAACAAATAGGEEGT TAOGOGCACATT TAOOOGAAAAGTGOCACCTGACGTAACTATAAC
GGTCTCECAAACACCTATTATCGEGTATTATCEGTGGTAGOGAAAGCTCAGATOGTGTCTCAAAATCTCTGATGTGEEEECTCCAGGAAT TAGAT

ATCAAGCTTATCGATACOGTOGACCAGGEOOC0GATAB0GE0G0GTAGAGT
TTACTOOCTATCAGTGATAGAGAACGTATGTOGAGT TTACTCOCTATCAGTGATAGAGAACGATGTOGAGT TTACTOOCTATCAGTGATAGAGAACGTATGTAGAGT TTACTOOCTATCAGTGATAGAGAACGTATGTAGAGT TTACTCC
CTATCAGTGATAGAGAAGGTATGTCGAGT TTATOOCTATCAGTGATAGAGAACGTATGTCGAGT TTACTOOCTATCAGTGATAGAGAAGGTATGTOGAGGTAGEOGTGTAGGGTGEGAGEICIATATAACCAGACCTOGT TTAGTGAACC
GTCAGATOGOCTGGAGAAT TABOGOOGT TTAACATTTAAT TAGATTTCTAGAT TGGTGEOGTGAAACTOOOGECACCTCT TOGECAAGOGOCT TGTAGAAGOEOGTATGECTTAGTACOOCTGOCATCAACACGOGTCTGOGT TAGAGCAG

GOCAAACGOCTOOGTOOCATECACGTCT TTATOCTGGEAT TACGACCAATOEOC0EC0EECTAO0EEGEACEOCTACTECAACT TACCTOOGEEEATEGETOCAGACCCACGTCACCACOOOOEECTACATACOGACGATCTAOGACCTEENG
QCCAQGTTTGOOOGEECAGATEEEECAGECTAACTGAAACACGGAAGEAGACAATACOEGAAGGAACOGTOGACAATCACTAGTGAAT TAAATGAAGAGOEEOCAAT TAGATACATCIAT TCTOOCTGECCTATTTGTGT TACTCTAOGT T
QCTOCTGCTGEAGOEEGACTGACATTCIAATAAAGTAATTACTGAGT TGTAGTGTCACAGOCCTACAAACTGEECTTACEE0OOCTGECTAOCTACOCCTACCTGGTCAGAGCAAACGAGEECTEOCAAGEEGACTCAGCATAGGTGICT
GGTGEOCCTTGIOOCTEOOCACATAOEEGEGTOCACCAGTCATCAGAATECTGECTAGEGT TACTTGIGT TCTCATCTTOOOCTAGGAGCAGTCACCTGAGACACTCAGOGTAGECTGEAATGGACAACTAGTGCTGCTAXCTCTTTACAG
TTTGTGAGOCATTTGEEGACTCAGGGACAGACACCACT TAOCAGGAAGGAATCAAGCTEEOIECTGAGEOCTECAGEEOCICATCTCAAT TCATCTATGTOGCAT TACCCTGTAGECATAACACSGTAATCOCTAGGAGAAAGAGGTAAT
GAAATGGECATTATGEGTATTATGEGTCTCCAT TAATGAATOEEOCAACEOGEOEEEEAGAGEOEGT TTAOGTAT TGEEOECTCT TACGECT TACTAGCTCACTGACTOECTEORCTASGTOGT TABECTAOEE0GAGOSGTATCAGCTCACT
CAAAGEOCGTAATACSGT TATACACAGAATCAGEEEATAACCCAGGAAAGAACATGTGAGCAAAAGEOCAGCAAAAGEOCAGCAACOGTAAAAAGEOOEOGT TACTAEOGT TTTTOCATAGECTOOEOO00CCTGACGAGCATCACAAAA
ATOGACGCTCAAGTCAGAGGTGEOGAAACIOGACAGGACTATAAAGATACCAGEOGT TTACOOCTEGAAGCTACCTAGTAOECTCTACTGT TAOGAGOCTGOOECT TACOGEGATACCTGTOOECCT TTCTOOCT TAGEGEAAGOGTEEOEC
TTTCTCATAGCTCACCCTGIAGGTATCTCAGT TAGGTGTAGGTOGT TAGCTACAAGCTEEGECTGTGTECACGAACOOOOOGT TCAGOOOGACOGECTGOEOCTTATAOSGTAACTATAGTCTTGAGTOCAACOOGGTAAGACACGACTTAT
CEOCACTGECAGCAGOCACTGGTAACAGEATTAGCAGAGTGAGGTATGTAGEOGGTCCTACAGAGT TCTTGAAGTGGTGEOCTAACTACEECTACACTAGAAGGACAGIATTTGGTATCTGOGCTCTACTGAAGOCAGT TACCTTAGGAA
AAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTAC

Figure 22. Putative Sequence of pC-11_Tight-HSVTK. The kanamycin resistance gene is in blug; the PI-Pspl siteisin
green; Ins53 isin yellow; the TRE-Tight promoter is in black, the TATA box isin green; the HSVTK ORF is blue; the sequence
containing the (rGUK)pA isin red; the I-Scel siteisin green; and the origin of replication isin cyan

pShcnB backbone to generate pSHcnB_Ins56.
pSHcnB_1ns56 was digested with 1-Ceul, blunted and
dephosphorylated, and a PI-Pspl site (5'-
ACCCATAATAC CCATAATAGCTGTTTGCCA-3)
was ligated into the pSHcnB_Ins56 backbone to
generate pSHP_Ins56. pSHP_56 was digested with Pacl,
blunted, and recircul arized to generate pC-111_Ins56. The
sequence of pC-I11_Ins56 is shown in Figure 23.

Construction of the C-1V cassette:

The tTA ORF was amplified from pTet-Off using
primers5-ATCGATCCGTCAGATCGCCTGGAGAC-
3 and 5'-
GATATCTTGTCCAAACTCATCA ATGTAT@?T
TATCA-3 andtheamplicon wasligated into pPGEM -T
Easy to generate pGEM _tTA. pGEM _tTA wasdigested
with Spel and EcoRV and blunted. pSHCB was digested
with Swal and dephosphorylated, and the tTA insert was
ligated into the pSHCB backbone to generate

pSHCB_tTA. Thepoly(A) addition signal of rat glucokinase
was amplified from rat genomic DNA with primers 5'-
GCAGGAATCATCTCCAACACTC-3' and 5'-
TGTTCACCCGAAGGCATATTA-3'. pBS_KS+ was
digested with EcoRV and dephosphorylated, and the
glucokinase poly(A) addition signal was ligated into the
pBS backbone to generate pBS_(rGek)pA. pBS_(rGek)pA
was digested with EcoRI and Hindlll and blunted.
pSHCB_tTA was digested with Notl, blunted and
dephosphorylated, and the (rGck)pA insert wasligated into
the pSHCB_tTA backbone to generate pTSMHCB_tTA-pA.
pTRE2hyg (pTRE2hyg is part of the BD = Tet-Off Gene
Expression System) was digested with Xhol and EcoRI.
pBS rN was digested with Xhol and EcoRI, and the TRE
insert was ligated into the pBS rN backbone to generate
pBS _rN_TRE. pBS rN_TRE was digested with Xhol and
EcoRi and blunted. pSHCB_tTA-pA wasdigested withAscl,
blunted and dephosphorylated, and the TRE insert was
ligated into the pSHCB_tTA-pA backbone to generate
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GEGGICTGACGCTCAGTGGAACGAAAACTCACQGT TAAGEGATTTTGGTCATGAGATTATCAAAAAGCGATCT TCACCTAGATOCT TTTGATOCTAOGEEOGT TCAGOCTGTGOCACAGOOGACAGGATGGETGACCACCATTTGOOCCATATC
ACOGTOGGTACTGATOOOGTOGTCAATAAACCGAACOECTACACOCTGAGCATCAAACTCT TTTATCAGT TGGATCATGTOEEOEGTGTOEOEEOCAAGACGGTOGAGCT TCT TCACCAGAATGACATCACCT TACTOCACCT TCATACT
CAGCAAATOCAGOOCT TAOOGATCTGT TGAACTGOOGGATGOCT TGTOSGTAAAGATGOGEGT TAGCT TTTACCCCTGCATCT TTGAGOGCTGAGGTCTAOCTAGTGAAGAAGGTGT TGCTGACTCATACCAGGEOCTGAATOGOOCCATCA
TOCAGOCAGAAAGTGAGEEAGOCACSGT TCATGAGACCT TTGT TGIAGGTGGACCAGT TAGTGAT TTTGAACT T TACTTTAOCACGGAACGGTCTAOGT TGTOEEGAAGATCOGTGATCTGATOCT TCAACTCAGCAAAAGT TAGATTT
ATTCAACAAAGCOEOOGTOOOGTCAAGTCACOGTAATECTCTEOCAGTGT TACAACCAAT TAACCAAT TCTGATTAGAAAAACTCATOGAGCATCAAATGAAACTCCAAT TTAT TCATATCAGGAT TATCAATACCATATTTTTGAAAAA
GOOGTTTCTGIAATGAAGGAGAAAACTCACOGAGGCAGT TACATAGGATGECAAGATOCTAGTATOGGTCTEOGAT TOOGACTOGTACAACATCAATACAACCTAT TAATTTGOCCTAGTCAAAAATAAGGT TATCAAGTGAGAAATCAC
CATGAGTGACGGACTGAATOOGGTGAGAATGECAAAAGCTTATGCATTTCTTTOCAGACTTGT TCAACAGGEOCAGOCATTACGCTOGTCATCAAAATCACTOGCATCAACCAAAQOGT TATTCATTAGTGATTAOEOCTGAGOGAGACGGAA
ATACGOGATOGCTGTTAAAAGGACAATTACAAACAGGAATOGAATGCAACOGEOCCAGGAACACTGOCAGOGCATCAACAATATTTTCACCTGAATCAGGATAT TCT TCTAATACCTGGAATGCTGT TTTOOOCGEECATABCAGTGGTGA
GTAACCATGCATCATCAGGAGTAGGGATAAAATCCTTGATGGTOCGAAGAGECATAAAT TAOGTCAGOCAGT TTAGTCTGACCATCTCATCTGTAACATCAT TGECAACCCTACCT TTGOCATGT TTCAGAAACAACTCTGEORCATAEG
GCTTOOCATACAATOGATAGAT TGTOBCACCTGAT TGOOOGACATTATOGOGAGOOCAT T TATACOCATATAAATCAGCATOCATGT TGGAAT TTAATCEOGEOCTOCAGCAAGACGT TTAOOGT TGAATATGGECTCATAACACOCT TG
TATTACTGT TTATGTAAGCAGACAGT TTTATTGT TCATGATGATATAT TTTTATCTTGTGCAATGTAACATCAGAGATTTTGAGACACAACGTGECTTTGT TGAATAAATOGAACT TTTGCTGAGT TGAAGGATCAGATCAGGCATCTTC
COGACAACCCAGACOGT TAOGTGECAAAGCAAAAGT TCAAAATCACCAACTGGTACACCTACAACAAAGCTCTCATCAACOGTAECTAOCTCACT TTCTEECTGGEATGATAEEE0GAT TCAGEOCTGGTATGAGTCAGCAACACCTTCTT
CACGAGECAGACCTCAGOCCTAGAT TAT TGAAGCAT TTATCAGSGT TATTGTCTCATGAGOGGATACATATTTGAATGTATT TAGAAAAATAAACAAATAGGEEGT TAOGOGECACATTTAOOOGAAAAGTGOCACCTGAGGTAACTATAAC
GGTCACCCATAATACCCATAATAGCTGT TTGOCAACOCATAATACOCATAATAGCTGI TTGOCAGGTAGOGAAAGCTCAGATAGTGTCTCAAAATCTCTGATGTGEO0GE0CAGEO0COGATACCTGATTTGT TTAAACTGATATTTAAA
TTCTGATCCAC

GTGGATTACTATTTAAATATTAGT TTAAACTGATTACGAAGAGCTGAGEOCTGCAGEEO00GGEECATTGCACAAGATAAAAATATATCATCATGGATC
TGAATTCATCTATGTOEEGTCOCGAGAAAGAGGTAATGAAATCECAT TATGEGTAT TATGEGTCTGCAT TAATGAATOEEOCAACEOE0EEEGEAGAGEOEGT TTAOGTATTEEEORECTCT TAOSCT TACTACCTCACTGACTOECTAOEC
TOSGTOGT TASECTEIEE0CAGOEGTATCACCTCACTCAAAGCEIGGTAATACGEGT TATGCACAGAATCAGEGECATAACECAGCAAAGAACATGTCAGCAAAAGEOCAGCAAAAGEOCAGCGAACCGTAAAAAGEOOEOGT TACTAEGTTT
TTOCATAGGECTOOE00000CTCACGAGCATCACAAAAATOCACGECTCAAGTCAGAGGTEEOGAAACOOGACAGGACTATAAAGATACCAGEOGT T TACOOCTEEAAGCTAOCTAGTAOECTCTACTGT TACGACOCTGOOGCTTACCECA
TACCTGTOOEOCT TTCTAOCT TASEGEAAGOGTEEOGECT TTCTCATAGCTCACCSCTGTAGGTATCTCAGT TASGTGTAGGTAGT TAGCTOCAAGCTAEECTGTGTECACGAACCOOO0GT TCAGCOOGACOGECTGOEOCTTATAOSGTAAC
TATGGTCTTCAGTACAACOOGGTAAGACACGACTTATGBOCACTGECAGCAGCCACTGGTAACAGGATTACCAGACCGAGGTATGTAGEOEGTGCTACAGAGT TCTTGAAGTGGTEECCTAACTACSGECTACACTAGAAGGACAGIATTT
GGTATCTAOGECTCTACTGAAGCCAGT TACCTTASGAAAAAGAGT TGGTAGCTCT TGATGOEECAAACAAACCACOCCTCGTAGOSGTGGT TTTTTTGT TTGCAAGCAGCAGATTACEOGECAGAAAAAAAGGATCTCAAGAAGATACTTTG
ATCTTTTCTAC

Figure 23. Putative Sequence of pC-111_Ins56. The kanamycin resistance geneisin blug; the PI-Pspl siteisin green; Ins56
isin yellow; the PI-Scel siteisin green; and the origin of replicationisin cyan

pSHCB_TRE-tTA-pA. pSHCB_ TRE-tTA-pA was
digested with Hpal and Pmel and dephosphorylated, and
the sequence 5'-GAAGTTCCTATACTTTCTAGA
GAATAGGAACTTC-3' was ligated into the
pSHCB_TRE-tTA-pA backbone to generate pSH_TRE-
tTA-pA. pSH_TRE-tTA-pA was digested with I-Ceul,
blunted and dephosphorylated, and an |-Ceul site was
ligated into thepSH_TRE-tTA-pA backbone (I-Ceul sites
in the reverse orientation were selected) to generate
pSHC_TRE-tTA-pA. pSHC_TRE-tTA-pA was digested
with PI-Scel, blunted and dephosphorylated, and a PI-
Scel site was ligated into the pSHC_TRE-tTA-pA
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backbone (PI-Scel sites in the reverse orientation were
selected) to generate pSHCS TRE-tTA-pA. Part A of
stuffer DNA 54 wasamplified from chicken genomic DNA
using primers 5-GGCGGCTGCCTCTTCATA-3 and 5'-
TCCACATTGAGAAGGGACCATAC-3. pBS KS+was
digested with ECORV and dephosphorylated, and part A
of stuffer DNA 54 was ligated into the pBS backbone to
generate pBS_Insb4a. Part B of stuffer DNA 54 was
amplified from chicken genomic DNA using primers 5'-
AGGCTGTCTGTTGGCAGTCTTT-3 and 5-CGTCTG
TTTCCCAGGTGCTC-3'. pBS_KS+ was digested with
EcoRV and dephosphorylated, and part B of stuffer DNA
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GEGGTCTGACECTCAGTGEAACGAAAACTCAGGTTAAGECGATT TTGGTCATGAGAT TATCAAAAAGGATCT TCACCTAGATCCT T TGATOCTAOEE0GT TCAGOCTGTGOCACAGOOGACAGGATGGETGACCACCAT TTGOCOCATATC
ACCGTOSGTACTGATOOOGTOGTCAATAAACOGAACOGECTACACOCTGAGCATCAAACTCT TTTATCAGT TGGATCATGTOEEOGEGTGTASOEEOCAAGACEGTAGAGCT TCTTCACCAGAATGACATCACCT TACTOCACCT TCATACT
CAGCAAATCCAGOCCTTAOCGATCIGT TGAACTGOOCGATAOCT TGTAGGTAAAGATGOGEGT TAGCT TTTACOOCTCCATCT TTGAGOGCTGAGGTCTGOCTAGTGAAGAAGGTGT TGCTGACTCATACCAGEOCTGAATABOOOCATCA
TCCAGOCAGAAAGTGAGEGAGOCACGGT TGATGAGAGCT TTGT TGTAGGTCGACCAGT TAGTGAT TTTGAACT TTTGCTTTAOCACCEGAACSGTCTAOGT TGTOGEGAAGATGOGTGATCTGATACTTCAACTCAGCAAAAGT TCGATTT
ATTCAACAAAGCOEOOGTOOOGTCAAGTCACOGTAATCCTCTCOCAGIGT TACAACCAAT TAACCAAT TCTGATTAGAAAAACTCATOGAGCATCAAATGAAACTGCAATTTATTCATATCAGGAT TATCAATACCATATTTTTGAAAAA
GOOGTTTCTGIAATGAAGGAGAAAACTCACOGAGECAGT TACATAGGATGECAAGATCCTGGTATASGTCTEOGAT TAOGACTAGTOCAACATCAATACAACCTATTAAT T TAOCCTGGTCAAAAATAAGGT TATCAAGTGAGAAATCAC
CATGAGTGACGACTGAATOOGGTGAGAATGECAAAAGCTTATGCATTTCT TTACAGACT TGT TCAACAGEOCAGOCATTACGCTAGTCATCAAAATCACTOECATCAACCAAACOGT TATTCAT TOGTGAT TGOGOCTGAGOGAGACEAA
ATACCOGATACCTGTTAAAAGGACAATTACAAACAGGAATCGAATGCAACOCEGEOGCAGGAACACTGOCAGORECATCAACAATATTTTCACCTGAATCAGCATATTCT TCTAATACCTGGAATCCTGT TTTAOOGEEGATOGCAGTGGTGA
GTAACCATGCATCATCAGGAGTAGGGATAAAATCCT TGATGGTACGAAGAGGECATAAATTAOGTCAGOCAGT TTAGTCTGACCATCTCATCTGTAACATCAT TGECAACGCTACCT TTGOCATGT TTCAGAAACAACTCTGEOGCATASG
GCTTOOCATACAATOGATAGAT TGTOGCACCTGAT TAOOOGACATTATOGOGAGCOCCAT TTATACCCATATAAATCAGCATOCATGT TGGAAT TTAATAEOGEOCTOGAGCAAGACGT TTOOOGT TGAATATGECTCATAACACCOCTTG
TATTACTGITTATGIAAGCAGACAGT TTTATTGT TCATGATGATATAT TTTTATCTTGTGCAATGTAACATCAGAGAT TTTGAGACACAACGTGECTTTGTTGAATAAATCGAACT TTTGCTGAGT TGAAGGATCAGATCAGGCATCTTC
COGACAACGCAGACOGT TAOGTEECAAAGCAAAAGT TCAAAATCACCAACTGGTACACCTACAACAAAGCTCTCATCAACOGTGECTAOCTCACT TTCTAECTEEATCATEEEE0GAT TCAGEOCTAGTATGAGTCAGCAACACCTTCTT
CACGAGGECAGACCTCAGOGCTAGATTATTGAAGCAT TTATCAGGSGT TATTGTCTCATGAGOGECGATACATAT TTGAATGTATTTAGAAAAATAAACAAATAGEEGT TOOEOECACAT TTOOOOGAAAAGTGOCACCTGAGGTAACTATAAC
GGTCTOCCTACCTTAGGACOGTTATAGT TAGGTAGOGAAAGCTCAGATAGTGTCTCAAAATCTCTGATGTGEOCAGCTTGAT!

ATACAAT TEEOCACEOOEOGEATOEIEE0E0GTUCAGCTACCTAGAGT TTACCACTOOCTATCAGTGATAGAGAAAAGTGAAAGTTG
AGTTTACCACTOOCTATCAGTGATAGAGAAAAGTGAAAGTOGAGT TTACCACTOOCTATCAGTGATAGAGAAAAGTGAAAGTCGAGT TTACCACTOCCTATCAGTGATAGAGAAAAGTGAAAGTOGAGT TTAGCACTOOCTATCAGTGAT
AGAGAAAAGTGAAAGTCGAGT TTACCACTOCCTATCAGTGATAGAGAAAAGTGAAAGTAGAGT TTACCACTOOCTATCAGTGATAGAGAAAAGTGAAAGTOGAGCTOSGTACCOGEGTAGAGGTAGEOGTGIACGGTAEEAGEOCIAIAT
AAGCAGAGCTGGT TTAGTGAAGOGTCAGATAGROCTGEAGACGOCATCCACGCTGT TTTGACCTOCATAGAAGACAGOGGECACOGATACAGOCTAOE0EE0000GAAT TAGOEOOGT TTGAAGT TACTATACT TTCTAGAGAATAGGAACT
TCAACATTTCTAGTGATTATOGATCOGTCAGATOBOCTCGAGACGOCATOCACCCTGI TTTGAGCTACATAGAAGACACQOBEGACOGATOCAGOCTGOGOGEO000GAAT TCATATGTCTAGAT TAGATAAAAGTAAAGTGATTAACAGC
GCATTAGAGCTGCTTAATGAGGTOEGAATOGAAGGT TTAACAACCOGTAAACTOGOOCAGAAGCTAGGTGTAGAGCAGOCTACATTGTATTGECATGTAAAAAATAAGOGEECT TTGCTCGACEOCTTAGOCATTGAGATGT TAGATAGG
CAGCATACTCACTTTTGOOCTTTAGAAGGEGAAAGCTGECAAGATTTTTTAGGTAATAACGGCTAAAAGT TTTAGATGTGCTTTACTAAGTCATOGOGATGGAGCAAAAGTACAT TTAGGTACACGEOCTACAGAAAAACAGTATGAAACT
CTOGAAAATCAATTAGOCTTTTTATGOCAACAAGGT TTTTCACTAGAGAATGCAT TATATGCACTCAGOCCTGTGEEECATTTTACT TTAGGT TGOGTATTGGAAGATCAAGAGCATCAAGTOCECTAAAGAAGAAAGEGAAACACCTACT
ACTGQTAGmeA'ITATTAQBQOAAGZTATCBQA'ITAT[TGAT(‘Amm@mmAmmmTAmﬂAw%mwmmA@m
GGTACGAAAAACAATTACEEGTCTAQCATOGAGEEOCTACTAGATCTAOOECACGACGACEIOC00CAAGAGCEO3
mmmmAmmmmmm@mmmmmm
CTGGATATGEO0GACTTAGAGT TTGAGCAGATGI TTACOGATGOOCTTGGAAT TGACGAGTACGEGTEEGTAGEEEEIENCACEATACAGACATGATAAGATACAT TCATGAGT TTCEACAAGATAAATGAACGAGIECECAATTAGATGCAG

ACTATTOOO0EECGTGTGIGTGAGAGGTAGECTGIAGCAACAGGAATGAAGTGACCTEEEEEGACACTGAATACICCTACTEEECOCAGACAACCOCTGOOCOCAAGCTAOOCT TACAACAGEGAGGTACTECTCOEGTCAGEEGTAEEG
GAGEGEGTOSGT TCAGCTCTAGGATGGTCTCAGOCECATTCTATCTCAGAACCAGEGAGGAAGCAGGAAGGEICAAGGT TAGGAGT TGT TGAGCAAT T TCTAAGGTAOCTCCAGAGECTCTGGTAGATGACATCACTAGCAAAGECCTTAA
TCTATGCAGCATTAATATGOCT TASGGTGAACAATCAAGCTEEOOGECTGAGGEOCTECAGEEOOOGATCTGAAT TCATCTATGTOEEGTGCTGOCAT T TCATTACCTCT TTCTOOGCACCOGACATAGATGGAGAAAGAGGTAATGAAATG
GCATTATGSGTAT TATGEGTCTGCATTAATGAATOEE0CAACEOE0EEEEAGACEOGGT TTAOGTAT TAEEOECTCT TAOGCT TACTOGCTCACTGACTORCTAOGECTAEGTOGT TABECTEOEEIGACOGGIATCAGCTCACTCAAAGG
CCEGTAATACSGTTATCCACAGAATCAGEEGATAACECAGGAAAGAACATGTGAGCAAAAGGEOCACCAAAAGEOCAGEAACTGTAAAAAGEOXENGT TACTGEOGT TTTTACATAGECTOOECCCTGACGAGCATCACAAAAATCGAC
GCTCAAGTCAGAGGTGEOGAAACIOGACAGGACTATAAAGATACCAGEOGT TTAOOCTEEAAGCTAOCTAGTEOGECTCTACTGT TACGACOCTAOOECT TACOSGATACCTGTAOEACT T TCTAOCT TASEEAAGCGTGEASCTTTCIC
ATAGCTCACCCTGIAGGTATCTCAGT TAEGTGTAGGTAGT TAGCTOCAAGCTEEECTGTGTECACGAACTOCOOGT TCAGCOOGACOECTAOECCTTATGOGGTAACTATAGTCT TGAGTCCAACCOGEGTAAGACACGACTTATGEOCAC
TGECAGCAGOCACTGGTAACAGGATTAGCAGAGIGAGGTATGTAGEOSGTGCTACAGAGT TCTTCAAGTGGTEEACTAACTACEECTACACTAGAAGGACAGTATTTCGTA GTTACCTTOEGAAAAAGAG
TTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTAC

Figure 24. Putative Sequence of pC-1V_TRE-tTA. The kanamycin resistance gene isin blue; the PI-Scel siteisin green;
Ins54 is in yellow; the TRE promoter is in black, the TATA box isin green; the tTA ORF isin blue; the sequence containing the
(rGek)pAisinred; thel-Ceul siteisin green; and the origin of replicationisin cyan. After digestion of pSHCB_tTA with Notl, a"C"

residue was lost during the blunting reaction

54 was ligated into the pBS backbone to generate
pBS Ins54b. pBS_Ins54b was digested with BamHI.
pBS_Insb4a was digested with BamHI and
dephosphorylated, and the Ins54b insert was ligated into
the pBS_Ins54a backbone to generate pBS Ins54.
pBS_Ins54 was digested with Hindlll and EcoRI and
blunted. pSHCS_TRE-tTA-pA wasdigested with Nael and
dephosphorylated, and the Ins54 insert was ligated into
the pSHCS TRE-tTA-pA backbone to generate
PSHCS Ins54 TRE-tTA-pA. pSHCS Ins54 TRE-tTA-
pA was digested with Pacl, blunted, and recircularized to
generate pC-1V_TRE-tTA. The sequence of pC-IV_TRE-
tTA isshown in Figure 24.

Construction of pC4-H_Tight-LacZ:

pSH_PSPSC was digested with Smal and Pcil.
pBS_KS+ was digested with Apol and blunted, and the
PSPSC insert wasligated into the pBS K S+ backboneto
generate p@d PSPSC. pC-1V_TRE-tTA was digested
with PI-Scel and |-Ceul. p@d PSPSC was digested with
PI-Scel and I-Ceul, and the C-IV_TRE-tTA insert was
ligated into the p@@ PSPSC backbone to generate
pdD PSPS tTA.pC-1l_Tight-HSVTK wasdigested with
[-Scel and PI-Pspl. p@d_PSPS_tTA wasdigested with |-
Scel and PI-Pspl, and the C-I1_Tight-HSVTK insert was
ligated into the pd@ PSPS tTA backbone to generate
pdD PS HSV_PS tTA. pC-1l1_Ins56 was digested with
PI-Pspl and PI-Scel. p@d PS HSV_56 tTA wasdigested
with PI-Pspl and PI-Scel, and the C-111_Ins56 insert was
ligated into the p@dd PS HSV_56 tTA backbone to

generate p@d PS HSV_56 tTA. pC-l_Tight-LacZ was
digested with |-Ppol and I-Scel. pdd PS HSV_56 tTA
was digested with |-Ppol and I-Scel, and the C-I_Tight-
LacZ insert was ligated into the pd@ PS HSV_56 tTA
backbone to generate pC4-H_Tight-LacZ (p@3D LacZ_
HSV_56_tTA).

Construction of pADMM:

pC4-H_Tight-LacZ was digested with 1-Ppol and |-
Ceul. pSH_PPS50G-111s PSPSC _PITR was digested
with I-Ppol and I-Ceul, andtheLacZ HSV_56 tTA insert
was ligated into the pSH_PPS50G-111s PSPSC PITR
backbone to generate pADMM-H_Tight-LacZ.

Computer analysis

Trace files generated by the ABI Prism 3100 Genetic
Analyzer were viewed using 4Peaks software (A.
Griekspoor and Tom Groothuis, mekentosj.com). DNA
sequences were aligned using ClustaW (Larkin et a.,
2007) (http://www.ebi.ac.uk/clustalw). Primers were
designed using Primer Premier (Premier Biosoft
International : www.premierbiosoft.com/index.html).

Results and Discussion

Vector Construction

During construction of pBS_PITR_Pack-wt: After
pBS_rKSwasdigested with Kpnl, a"G" residuewaslost
during the blunting reaction; thisloss had no effect on the
function of the construct. During construction of

Asian Pacific Journal of Cancer Prevention, Vol 10, 2009 957



Ne Long et al

pBS_PITR_LA5L_SC: After digestion of pBS PITR_
LoxP-PackA5 with Spel, a "G" residue, a "C" residue,
and a"T" residue were lost during the blunting reaction;
these losses had no effect on the function of the construct.
During construction of pSH_PSPSC: After pSH_CSwas
digested with BsrDI, a"G" residue was lost during the
blunting reaction; this loss had no effect on the function
of the construct. During construction of pSH_PSPSC:
After digestion of pSH_PSPS with Faul, a "C" residue
waslost during the blunting reaction; thisloss had no effect
on the function of the construct. During construction of
pRcnSS: After digestion of pBS_K S+ with BamHI, a"G"
residue was|lost during blunting reaction; thisloss had no
effect onthefunction of the construct. During construction
of the C-1V cassette (pC-1V_TRE-tTA): After digestion
of pPSHCB_tTA with Notl, a"C" residue was lost during
theblunting reaction; thisloss had no effect on thefunction
of the construct.

During construction of ADMM, the most stable
constructs often had the PI-Pspl siteinserted in duplicate;
the reason for this is unknown. During digestion of 5'-
CTCGAGCTAGCTCGAG-3' containing sequences
(pBS_rN and pBS_rN_TRE) with Xhol, only one of the
Xhol sites was digested; the reason for this is unknown.
During construction of the C-1V cassette (pC-1V_TRE-
tTA), insertion of GAAGTTCCTATACTTTCTAGAGAA
TAGGAACTTC is not necessary and can be omitted.

EVE

EVE is based on Adeno-X which is a replication
incompetent, AEL/AE3, human adenoviral type 5 genome
(Mizuguchi and Kay, 1998). Successful generation of
helper adenovirus-dependent vectors (ADMM) requires
removal of the helper virus (EVE) from the ADMM
preparation. To achieve this goal, we modified the
packaging site of EVE, inserted loxP sitesonthe5'and 3
sides of the packaging site, and inserted a regulatable
expression cassette based on the Q-mateTM Inducible
Expression System which expresses Cre recombinase and
enhanced green fluorescent protein (EGFP).

Due to patients' strong immune response against
adenovirus and its gene products and because helper
adenoviruses do express adenovirus gene products,
contamination of helper-dependent virus preparations by
the helper virusis one of the limiting factorsin the use of
these preparations in gene therapy. The most common
method of removing the helper virus is by flanking the
packaging site of the helper virus with LoxP sites and
propagating the helper-dependent virus in Cre
recombinase expressing packaging cells (suchasHEK 293
cells transfected with a Cre recombinase expression
cassette) infected with helper virus: The Cre recombinase
excises the floxed packaging site from the helper virus
and removal of the packaging site severely limits
encapsidation of the helper virusinto infectious particles,
but the helper virus retains the ability to express al the
viral proteins required for propagation of the helper-
dependent virus and its encapsidation into infectious
particles (sincethe packaging site of the hel per-dependent
virusis not flanked by LoxP sites, its packing site is not
removed by Cre recombinase). The expression of high
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levelsof Crerecombinase, however, isdetrimental to most
cells, resulting in chromosomal aberrations (Loonstra et
al., 2001). Therefore, we constructed EVE to express Cre
recombinase. Thisallows high levels of Crerecombinase
to be expressed during propagation of ADMM, resulting
in efficient removal of EVE from ADMM preparations,
but the packaging cell isnot damaged prior to propagation
of ADMM.

During the later stages of infection adenoviruses
express proteinswhich inhibit Cap-dependent translation
(Cuesta et al., 2000; Cuesta et al., 2004), but translation
of adenoviral gene products continues via ribosomal
binding to sequencesin adenoviral MRNA known asleader
sequences (Xi et a., 2004). Therefore, we constructed
EVE such that the mRNA for Cre recombinase contained
the adenoviral E2 late leader sequence.

Since EVE expresses Cre recombinase and also has
itspackaging siteflanked by L oxP sites, Crerecombinase
expression by EVE must be off when EVE is being
propagated. We chose the Q-mateTM Inducible
Expression System (Krackeler Scientific, Inc.) toregulate
Cre recombinase expression by EVE. Therefore, we
constructed EVE with a CymR binding site between the
CMYV promoter and the Cre recombinase sequence. When
EVEispropagated in CymR expressing cells, CymR binds
to the CymR hinding site contained in EVE and blocks
CMYV driven transcription of Cre recombinase, keeping
the packaging site of EVE intact and allowing EVE to
become encapsidated into infectious particles.

EVE was constructed such that EVE contamination
of ADMM preparations could be monitored using EGFP.
This was done by inserting an internal ribosomal entry
site (IRES) followed by an ORF coding for EGPF
downstream of the Cre recombinase ORF. Infection of
cells which do not express CymR by EVE results in
expression of EGFP.

Recombination between EVE and ADMM canremove
LoxP sitesfrom EVE resulting in encapsidation of EVE.
To reduce recombination between EVE and ADMM, we
attempted to create apackaging sitein EV E that contained
less DNA than the packaging sitein ADMM. Initially we
generated awild type packaging siteand 3 different variant
packaging sites with portions of the packaging sequence
deleted. The variants were generated by amplification of
the wild type packaging site sequence with the following
primer pairs. Pack-A6, 5-GTCCCATTCGCCATTCAG
G-3' and 5-GGATCCGCGGCCCTAGACAAATA-3;
Pack-A5, 5-GTCGAGGTGCCGTAAAGCA-3 and 5'-
GGATCCACGCGCTATGAGTAACACAAAA-3; and
Pack-A3, 5-GTCCCATTCGCCATTCAGG-3' and 5'-
GGATCCGGCCAAATCTTACTCGGTTAC-3'
(constructs not shown). The EVES containing Pack-wt,
Pack-A6, and PackA5 were able to propagate in the
HEK293 CymR packaging cell line, but the EVE
containing Pack-A3 did not propagate in the
HEK293 CymR packaging cell line (data not shown).
Therefore, the EVE described in this manuscript contains
PackA5.

When propagating plasmids containing both a floxed
packaging site and the Cre Recombinase coding region
in E. coli, it is imperative that the E. coli be grown at
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28°C or less. Also, the cultures shoul d be harvested while
they are dtill in the log phase of growth. Finaly, after
harvesting, the plasmids must be screened to confirme
that the packaging site has not been lost.

ADMM

We have found that plasmids containing certain
seguences are extremely difficult to propagate in E. coli.
One possible explanation isthat these sequences code for
toxic peptides. We, therefore, inserted sequences which
we call STOP sequences into four plasmids (generating
pSHCB_STOP, pSHPB_STOP, pSHcnP_STOP, and
pRcnSS: al based on pShuttle?) and used these plasmids
as recipients of hard-to-propagate DNA sequences. The
STOP sequences were obtained from human and mouse
DNA; they contain anumber of ATG codonsfollowed by
STOP codons, making transl ation of downstream ORFsa
rare event.

A STOP sequence is incorporated into the ADMM
described here (ADMM-H_Tight-LacZ) just downstream
of the packaging site. This is because the adenovirus E1
promoter overlaps the packaging site sequence (Kovesdi
et a., 1987), indicating that the packaging site itself can
have gene promoter activity.

Enhancer-blocking insulators block interaction
between a promoter and distal enhancer elements, and
CCCTC-binding factor (CTCF) is the major protein
implicated in establishment of insulators in vertebrates
(Gaszner and Felsenfeld, 2006; Wallace and Felsenfeld,
2007). We scanned the chicken genome and therat GSTP
locus for putative CTCF binding sites (Kim et al., 2007;
Xie et al., 2007). Intergenetic sequences with putative
CTCF binding siteswere used as stuffer DNA inADMM-
H_Tight-LacZ. Only Ins57-111s has no putative CTCF
binding sites: The putative CTCF binding sitesin Ins57-
111 werelost after shortening Ins57-111 to generate Ins57-
111s.

Stuffer DNA is aso used to constrain the size of
ADMM constructs. Type 5 human adenoviruses are not
efficiently encapsidated if they arelessthan approximately
75% or more than approximately 105% of the wild type
genome length (Bett et al., 1993; Parks and Graham,
1997): the genome length of type 5 human adenoviruses
is approximately 36 kb. The length of ADMM-H_Tight-
LacZ is approximately 33,945 bp; note that thisADMM
construct itself has not been sequenced in its entirety:
during construction of ADMM-H_Tight-LacZ, all newly
cloned DNA was completely sequenced, however, in the
later stages of construction, only ligation junctions were
sequenced and restriction digestion was used assess the
constructs.

ADMM-H_Tight-LacZ consistsof 2 inverted terminal
repeats (ITRs), apackaging site, and four cassettes: al acZ
expressing cassette, an HSV-TK expressing cassette, a
large stuffer cassette, and a tTA expressing cassette.
Digestion with Pacl removestheentireADMM-H_Tight-
LacZ sequence from the carrier plasmid, resulting in a
seguence which can propagate and be encapsidated into
infectious adenovirus type 5 particles when transfected
into packaging HEK 293 cells which have been infected
with EVE.

The tTA expressing cassette is modeled on the
tetracycline responsive system originally developed by
Hermann Bujard (Freundlieb et al., 1999). In ADMM-
H_Tight-LacZ, the transcriptional activator tTA is itself
under the control of the tetracycline responsive element
(TRE), therefore, once tTA begins to be expressed in the
absence of tetracycline, a positive feedback loop is
established resulting in high expression levels of tTA.
These high levels in turn result in robust expression of
LacZ and HSV-TK, which areunder the control of another
tTA/tetracyclineresponsive element TRE-Tight. Because
of these high expression levels, ADMM-H_Tight-LacZ
is propagated in the presence of tetracycline (data not
shown).

Importantly, ADMMsare built of aseriesof cassettes,
and these cassettes can be changed. Therefore, different
pathways can be targeted. For example, by utilizing
different promoters and different positive and negative
feedback loops, ADMM activity can be targeted to cells
which do not express p53 (most human tumors) or cells
which overexpress glutathione S-transferases (in the case
of tumorsresistant to chemotherapy), thereby specifically
targeting ADMM activity to different kinds of tumors.
Onepossihility isthat libraries of different cassettes could
be maintained. In this case, ADMM constructs able to
respond to individual tumor types could be assembled in
aslittleasafew weeks, making ADMM apractical cancer
therapy given today's technology.

Propagation of EVE and ADMM in vitro

EVE is propagated in HEK293 cells expressing the
cumate repressor protein CymR: CymR represses
expression of Cre recombinase by the helper virus,
allowing the helper virus to propagate normally.

ADMMs are propagated in HEK293 cells (not
expressing CymR) which are also infected with helper
virus. In the absence of CymR expression, Cre
recombinase is expressed by EVE and catalyses excision
of the packaging site out of the EVE genome.
Consequently, the helper virus is not efficiently
encapsidated and, therefore, not purified along with
ADMM. However, EVE without its packaging siteis still
able to express all of the viral proteins required for
propagation of ADMM and itsencapsidationintoinfectous
particles (data not shown). EGFP expressed by EVE is
used to help monitor hel per virus contamination of ADMM
preparations.

Naming Conventions

In addition to ADMM-H_Tight-LacZ, we have
generated ADM M swhich express human delta-lactoferrin
(ALF) (Mariller et al., 2007; Siebert and Huang, 1997)
under the control of the human actin promoter. In this
construct, the TRE-Tight-HSV TK sequencewasremoved
from cassette pC-11 by digestion of pC-11_Tight-HSVTK
with Sall followed by recircularization, and the TRE-tTA
was removed from pC-1V by digestion of
pSHCS Ins54 TRE-tTA-pA with Nhel and Pacl followed
by blunting and recircularization. (Also, in the ALF
construct, the TRE-tight promoter was replaced with the
human actin promoter.) Thisconstruct isnamed pADMM-
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54 AP-ALF. We aso have aseries of constructsin which
the TRE-Tight-HSVTK sequence was removed from
cassette pC-11_HSVTK, but cassette pC-1V_TRE-tTA was
not altered. These ADMMs are named pADMM-
53 XXX: for example, pADMM-53 LacZ. Finally, we
constructed an ADMM in which the TRE-Tight-
[downstream ORF] sequence has been removed from
cassette pC-l, but the C-11, C-111, and C-1V cassetteswere
not altered. This construct is named pADMM-52_Tight-
HSVTK. In sum, we havefour series of pADMMswhich
we named the pADMM-52, pADMM-53, pADMM-54,
and pADMM-H series.
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