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SEQIDNO.: 
SEQIDNO.: 
SEQIDNO.: 

SEQIDNO.: 

SEQIDNO. 
SEQIDNO.: 
SEQIDNO.: 

SEQIDNO.: 
SEQIDNO.: 

US 2002/0042137 A1 

1. Integrated 5' Cloning site 
5191 
N001 SIfI 

17 AGGAGGAGGCCACCATGGCCC | GGGCAGG: 1. 
1s TCCTCCTCCGGTGGTACCGGG i cccmcc. .. 
19 fMe’cAlQA r‘gAlQGl -> 660i 

2. Clone into Szf I site with S?I/BamI-H adapters 
(5' PCR primer) (3' PCR primer) 

20 5’—NNGGCCACCATGGCCNNN3O BamI-H 
S? I NaoCCTAGG-S' 

3. Immediate expression and subcloning 
S?I S?I . . . 

AGGAGGAGGCCACCATGGCCCNNGGCCACCATGGCCNNN. , . :21 
22 TCCTCCTCCGGTGGTACCGGCNNCCGGTCCTACCGGNNN. . . 

23 fMetAluProGlyHisHisGlyProN. . . 

Leu Leu 
His His 
Gin Gin 
Ar‘g Arg 

4. Digest with $171 and intramolecular ligation 
24 AGGAGGAGGCCACCATGGCCNN. . . 

25 TCCTCCTCCGGTGGTACCGGNN. . . 

fMetAlQNNN. . . 

FIG. 4C. 
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SYSTEM FOR GENERATING RECOMBINANT 
VIRUSES 

[0001] This application claims priority to US. Provisional 
application 60/084,936 Which Was ?led May 11, 1998. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention provides versatile vectors for 
ef?cient production of animal viral vectors carrying a 
nucleic acid of interest. Thus the vectors can be used to 
produce viral vectors for use in expression of nucleic acids, 
including production of RNA, antisense nucleic acids and 
polypeptides of interest. 

[0004] 2. Background 

[0005] Adenoviruses (Ad) are 36 kb, linear, double 
stranded DNA viruses that have been Widely used for gene 
therapy, functional genetics, vaccines, and protein produc 
tion (1-5). Most adenoviral vectors are based on the Ad type 
5 (Ad5) viral backbone in Which an expression cassette 
replaces the E1 and/or E3 region. Such E1“, E3“ viruses are 
attractive vectors because they: i) can accept about 8 kb of 
exogenous DNA, ii) can be produced at very high titer in E1 
complementing cells, and iii) are replication defective. Other 
attractive features of Ad vectors include infection of a Wide 
range of both dividing and quiescent cell types at high 
ef?ciency, expression of genes at very high levels, and 
association With mild, self-limiting pathologies in humans 
(1-6). The increasing numbers of genes discovered by the 
human genome project, and the expanding ?eld of gene 
therapy are driving a need for more efficient systems to 
generate recombinant Ad vectors to facilitate rapid, high 
throughput functional and therapeutic analysis. 

[0006] Because of their complex genome, manipulation of 
Ad vectors to produce recombinant viruses has been dif? 
cult. Traditional methods of making recombinant adenovi 
ruses use homologous recombination betWeen tWo trans 
fected DNAs in adenoviral-producing cell lines The 
homologous recombination method is inef?cient, time-con 
suming, and subject to contamination With replication-com 
petent virus. Some neWer methods of generating recombi 
nant adenoviral vectors in yeast and E. coli have been 
reported (7-10). These methods shift the homologous 
recombination step from eukaryotic packaging cells into 
either yeast or E. coli. These neWer methods alloW the true 
cloning of the recombinant viral genome and thereby 
remove the need for clonal selection via repeated rounds of 
plaque puri?cation. Although homologous recombination is 
quite ef?cient in yeast, it is desirable (because of the faster 
doubling time and ease of manipulation) to be able to do 
these steps in E. coli. HoWever, homologous recombination 
in E. coli is not very efficient. Furthermore, homologous 
recombination With adenoviral sequences necessitates clon 
ing each gene of interest into a vector that can only be used 
for adenoviral expression. 

[0007] A method that has been used to construct recom 
binant baculoviruses in E. coli by Tn7-mediated site-speci?c 
transposition (11) has proven to be very ef?cient at gener 
ating recombinant baculoviruses. HoWever, this system has 
several limitations. 

[0008] The present invention overcomes many limitations 
on previous systems. Speci?cally, the present invention 
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provides a Tn7-based transposition system for generating 
recombinant viruses, such as adenovirus, in E. coli. A loW 
copy E. coli homing plasmid, containing a full length viral 
genome With lacZattTn7 inserted in a manner that does not 
interfere With later production of recombinant virus, has 
been constructed. The inventive system moves all sequences 
necessary for replication and selection in E. coli outside of 
the viral genome, alloWing application to small animal 
viruses (Ad, AAV and retroviruses); there is no need for a 
selectable marker Within the transposon alloWing additional 
space for exogenous nucleic acid of interest; it alloWs 
construction of a variety of homing vectors for different 
viruses comprising different promoters such that one transfer 
vector can be used to express an exogenous DNA from 
numerous promoters in numerous viruses. Thus the system 
is very easy, rapid, and ef?cient, accommodates siZable 
DNA inserts, and generates truly clonal viruses. The homing 
vector system is easily adapted to alloW subcloning into a 
single universal transfer vector that can be used to transpose 
genes into any of several different expression systems, thus 
facilitating cost-effective subcloning into a variety of vec 
tors, including adenoviral, retroviral, adeno-associated viral, 
baculoviral and E. coli vectors. 

SUMMARY OF THE INVENTION 

[0009] The present invention provides an isolated nucleic 
acid, termed a homing vector, for generating a recombinant 
animal virus comprising 

[0010] a) an animal virus polynucleotide Wherein the 
viral polynucleotide comprises viral elements suf? 
cient for recombinant viral production in a host cell 
upon contact With replication proteins of the virus; 

[0011] b) a transposon target site Within the virus 
polynucleotide Wherein location of the transposon 
target site Within the virus polynucleotide does not 
prevent recombinant viral production in a host cell 
upon contact With viral replication proteins; and 

[0012] 
[0013] The present invention further provides transfer 
vector for transposition of an exogenous nucleic acid, com 
prising 

an origin of replication. 

[0014] (a) a transposon having a cloning site betWeen 
a left end of the transposon and a right end of the 
transposon; 

[0015] (b) a bacterial origin of replication positioned 
outside of a region encompassed by the left end and 
the right end of the transposon; and 

[0016] 
[0017] The present invention further utiliZes these tWo 
components in a system for generating recombinant animal 
viruses. Thus, the invention provides a kit as Well as a 
method of producing a recombinant animal virus comprising 

a selectable marker. 

[0018] (a) contacting (1) a nucleic acid for generating a 
recombinant animal virus 

[0019] Wherein the nucleic acid comprises 

[0020] an animal virus polynucleotide 
Wherein the viral polynucleotide comprises 
viral elements sufficient for recombinant viral 
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production in a host cell upon contact With 
replication proteins of the virus; 

[0021] (ii) a transposon target site Within the 
viral polynucleotide Wherein location of the 
transposon target site Within the viral poly 
nucleotide does not prevent recombinant virus 
production in a host cell upon contact With viral 
replication proteins; and 

[0022] (iii) an origin of replication, 

[0023] in a cell under conditions suitable for transposition, 
With (2) a transfer vector, Wherein the transfer vector com 
prises 

[0024] a transposon that recognizes the transposon 
target site, 

[0025] (ii) an exogenous polynucleotide inserted 
betWeen a left end of the transposon and a right end 
of the transposon, 

[0026] (iii) a bacterial origin of replication positioned 
outside of a region encompassed by the left end and 
the right end of the transposon, and 

[0027] (iv) a selectable marker, 

[0028] to produce a transposition product; and 

[0029] (b) transferring the transposition product into a 
cell comprising a viral replication protein, thereby 
producing the recombinant animal virus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] FIG. 1. Diagram of E1“, E3“ adenoviral homing 
vector. Solid boxes are sequences derived from AdS. Large 
arroW head represents lacZattTn7 Which is replacing E1 
region. Small arroW head represents chloramphenicol resis 
tance marker. Closed arroW represents F‘ origin of replica 
tion. 

[0031] FIG. 2. Diagram of transfer vector PCR259. Tn7R 
and Tn7L, right and left ends of Tn7, respectively; hatched 
?lled arroW, ApR gene; CMV, CMV promoter; MCS, mul 
tiple cloning site as labeled; poly A, polyadenylation signal 
of SV40. 

[0032] FIG. 3. Expression from luciferase recombinant 
Ads. Luciferase expression 48 hrs after infecting IMR-90 
cells at an MOI of 100. 

[0033] FIG. 4. Plasmids and Multiple Cloning sites. A. 
pFastbacl. shoWing features (LuckoW et al.), B. pSK213. A 
series of synthetic oligonucleotides Were cloned into pFast 
Bac1 3‘ of the baculovirus polyhedrin promoter (Pbac), 
betWeen the BamHI and HindIII sites. These oligonucle 
otides incorporated the folloWing relevant regions doWn 
stream of the Pbac (from 5‘ to 3‘); T7 promoter (PT7), the 
EcoRI isocaudamer Esp3I, E. coli Ribosome Binding Site 
(E.c.RBS), S?I, KoZak site, ATG start site, NcoI, SrfI, 
BamHI, Thrombin Cleavage Site (TCS), Multiple Cloning 
Site (MCS), Kemptide, His6, HindIII. PCR Was used to 
generate a fragment of the lacZ 6 gene from plasmid 
pBK-CMV (Stratagene). The PCR primers used to generate 
the lacZ 6 gene Were designed to incorporate a 3‘ T3 
promoter (PB) and 3‘ T7 transcription termination sequence 
(T7tt). The 
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generated fragment include the region betWeen the PT7 and 
3‘ of the SV40 poly(A) site. This PCR fragment Was cloned 
into the HindIII, site of the modi?ed pFastBacl. Site 
directed mutagenesis (SDM) Was used to delete a 3‘ dupli 
cated poly (A) site in the vector. The sequence betWeen the 
EcoRV and 5‘ side of the Pbac (encoding the GtI gene of 
pFastBac1) Was replaced by a PCR-generated fragment 
encoding the KnI gene of pBK-CMV. The CMV immediate 
early enhancer/promoter and a chimeric intron (PcMVJ/E) 
derived from the 5‘ donor site from the ?rst intron of the 
human B globin gene and the branch and 3‘-acceptor site 
from the intron of an immunoglobulin gene heavy chain 
variable region Were ampli?ed from pCI-Neo and cloned 
upstream of the Tn7R site as indicated Precise fusion to 
S?I site after SrfI-PCR cloning Was achieved using universal 
cloning site by cloning into SrfI site (integrated 5‘ cloning 
site) With S?I/BamHI adapters and immediate expression 
and subcloning folloWed by digestion With S?I and intramo 
lecular ligation. C. Universal cloning site alloWing precise 
fusion to S?I site after SrfI-PCR cloning. 

[0034] FIG. 5. FloW Chart for Baculovirus Expression 
System. Donor plasmid pSK213 is transformed into strain 
MWlOBacmid containing bMW2007 and pMON7124. 
Transposase encoded by pMON7124 supplies the enZymatic 
activity needed for transposition of the gene cassette con 
tained Within the Tn7L and Tn7R sequences on plasmid 
pSK213 to the homing site (lacZ 6 region) encoded on the 
target baculovirus homing vector bMW2007. Interruption of 
the lacZ (1 gene on the baculovirus homing vector is 
differentiated on plating medium containing the appropriate 
halogenated indigo dye dimer. DNA is isolated from the 
Lac“ host and used to transfect insect cells. B) How chart for 
use of the pSK213 system. Initial clones, after sequencing, 
can be used in expression studies in E. coli, baculovirus and 
tissue culture. Alternatively, the insert can be subcloned 
using S?I/BamHI to a set of compatible plasmids. 

[0035] FIG. 6. Af?nity tag puri?cation and thrombin 
removal from E. coli supernatants in induced and uninduced 
cells. 3‘ bases at the fusion site determines the reading frame 
for cloned PCR products. Addition of tWo bases to the end 
of the cloned protein coding sequence adds 42 extra amino 
acids. This 3‘ addition encodes a thrombin cleavage site, 
Kemptide sequence and polyhistidine. 

[0036] FIG. 7. Controlling element, DNA and protein 
sequence surrounding the start of recombinant protein trans 
lation. The start site for protein translation (ATG) is at 
nucleotide 3947. Controlling elements include the CMV 
Intron/enhancer region (CMV IE), Tn7 right attachment site 
(Tn7R), polyhedron promoter (PPH), lac promoter (P180), 
bacteriophage T7 promoter (PT7), bacteriophage T3 pro 
moter (PT3) and (complete sequence not shoWn) CMV 
promoter (PCMV), E.c0li ribosome binding site (RBS), 
Thrombin cleavage site (TCS), multiple cloning site (MCS), 
polyhistidine coding sequence (His6) and the ?rst and third 
translated reading frames corresponding to Bgal and the 
af?nity tag fusion frames, respectively. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0037] The present invention provides a system for simple 
generation of recombinant animal viruses. The system 
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includes a virus homing vector comprising (1) an animal 
virus polynucleotide Wherein the viral polynucleotide com 
prises viral elements suf?cient for recombinant viral pro 
duction in a host cell upon contact With replication proteins 
of the virus; (2) a transposon target site Within the viral 
polynucleotide Wherein location of the transposon target site 
Within the viral polynucleotide does not prevent recombi 
nant virus production in a host cell upon contact With viral 
replication proteins; and (3) an origin of replication The 
system further comprises a transfer vector for transposition 
of an exogenous nucleic acid, comprising (1) a transposon 
that recogniZes the transposon target site, Wherein the trans 
poson has a cloning site betWeen a left end of the transposon 
and a right end of the transposon; (2) a bacterial origin of 
replication positioned outside of a region encompassed by 
the left end and the right end of the transposon; and (3) a 
selectable marker. These components are used in a system 
that reduces the number of cloning steps and provides for 
easier preparation of a number of recombinant viruses. 

[0038] As used in the claims, “a” and “an” can mean one 
or more, depending upon the context in Which it is used. 

[0039] The present invention provides an isolated nucleic 
acid for generating a recombinant animal virus comprising 

[0040] a) an animal virus polynucleotide Wherein the 
viral polynucleotide comprises viral elements suffi 
cient for recombinant viral production in a host cell 
upon contact With replication proteins of the virus; 

[0041] b) a transposon target site Within the virus 
polynucleotide Wherein location of the transposon 
target site Within the virus polynucleotide does not 
prevent recombinant viral production in a host cell 
upon contact With viral replication proteins; and 

[0042] 
[0043] The above nucleic acid, also termed “homing vec 
tor,” can be prepared With any desired animal virus, such as, 
for example, adenovirus, retrovirus or adeno-associated 
virus. By animal virus is meant a virus that, When provided 
appropriate proteins (e.g., if replication de?cient), can rep 
licate in an animal or an animal cell. The present invention 
is particularly useful for adenovirus, retrovirus or adeno 
associated virus-based vectors because the invention 
includes the placement of an origin of replication (for 
replication of the homing vector) outside the viral sequences 
rather than Within the viral sequences, thus maximiZing the 
siZe possible for an exogenous nucleic acid to be carried 
Within the homing vector and, ultimately, a virus produced 
from the homing vector. In a preferred embodiment, a 
selection marker(s) (for maintaining the homing vector) is 
also placed outside the viral sequences in the homing vector. 
This choice of placement of an ori and any selectable 
markers alloWs space Within the ultimately packaged virus 
for an exogenous insert, and it increases the siZe of exog 
enous nucleic acid insert one can place in the ultimately 
packaged virus. Thus, the present invention alloWs for better 
and additional uses of adenovirus, retrovirus and adeno 
associated virus in particular that Was not previously achiev 
able. Furthermore, as can be seen from the examples, this 
invention can be readily applied to any desired animal virus 
to alloW greater exogenous inserts to be transferred by viral 
vectors and to provide simpler production of virus once an 
exogenous gene of choice has been cloned into a transfer 
vector of this invention. 

an origin of replication. 
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[0044] By “isolated” is meant separated “by the hand of 
man” from its natural state; i.e., that, if it occurs in nature, 
it has been changed or removed from its original environ 
ment, or both. For example, a naturally occurring polynucle 
otide or a polypeptide naturally present in a living organism 
in its natural state is not “isolated,” but the same polynucle 
otide or polypeptide separated from the coexisting materials 
of its natural state is “isolated”, as the term is employed 
herein. As part of or folloWing isolation, such polynucle 
otides can be joined to other polynucleotides, such as DNAs, 
for mutagenesis, to form fusion proteins, and for propaga 
tion or expression in a host, for instance. The isolated 
polynucleotides, alone or joined to other polynucleotides 
such as vectors, can be introduced into host cells, in culture 
or in Whole organisms. Introduced into host cells in culture 
or in Whole organisms, such DNAs still Would be isolated, 
as the term is used herein, because they Would not be in their 
naturally occurring form or environment. Similarly, the 
polynucleotides and polypeptides may occur in a composi 
tion, such as media formulations, solutions for introduction 
of polynucleotides or polypeptides, for example, into cells, 
compositions or solutions for chemical or enZymatic reac 
tions, for instance, Which are not naturally occurring com 
positions, and, therein remain isolated polynucleotides or 
polypeptides Within the meaning of that term as it is 
employed herein. 
[0045] The homing vector is maintained in a host cell as 
a plasmid and, thus, can be maintained as a circular nucleic 
acid. HoWever, as discussed beloW, the nucleic acid can be 
lineariZed prior to transfection of a packaging cell. 

[0046] The term “polynucleotide” generally refers to any 
polyribonucleotide or polydeoxribonucleotide, Which may 
be unmodi?ed RNA or DNA or modi?ed RNA or DNA. 

Thus, for instance, polynucleotides as used herein refers to, 
among others, single- and double-stranded DNA, DNA that 
is a mixture of single- and double-stranded regions or 
single-, double- and triple-stranded regions, single- and 
double-stranded RNA, and RNA that is mixture of single 
and double-stranded regions, hybrid molecules comprising 
DNA and RNA that may be single-stranded or, more typi 
cally, double-stranded, or triple-stranded, or a mixture of 
single- and double-stranded regions. In addition, polynucle 
otide as used herein can refer to triple-stranded regions 
comprising RNA or DNA or both RNA and DNA. The 
strands in such regions may be from the same molecule or 
from different molecules. The regions may include all of one 
or more of the molecules, but more typically involve only a 
region of some of the molecules. One of the molecules of a 
triple-helical region often is an oligonucleotide. As used 
herein, the term polynucleotide includes DNAs or RNAs as 
described above that contain one or more modi?ed bases. 
Thus, DNAs or RNAs With backbones modi?ed for stability 
or for other reasons are “polynucleotides” as that term is 

intended herein. Moreover, DNAs or RNAs comprising 
unusual bases, such as inosine, or modi?ed bases, such as 
tritylated bases, to name just tWo examples, are polynucle 
otides as the term is used herein. It Will be appreciated that 
a great variety of modi?cations have been made to DNA and 
RNA that serve many useful purposes knoWn to those of 
skill in the art. The term polynucleotide as it is employed 
herein embraces such chemically, enZymatically or meta 
bolically modi?ed forms of polynucleotides, as Well as the 
chemical forms of DNA and RNA characteristic of viruses 
and cells, including simple and complex cells, inter alia. 
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Polynucleotides embraces short polynucleotides often 
referred to as oligonucleotide(s). 

[0047] The nucleic acid, or homing vector, can further 
comprise an indicator gene Within the viral polynucleotide 
Wherein the indicator gene has a transposon target site Within 
the indicator gene, Wherein transposition of an exogenous 
nucleic acid into the transposon target site disrupts expres 
sion of the indicator gene, and Wherein location of the 
indicator gene Within the viral polynucleotide does not 
prevent recombinant viral production in a host cell upon 
contact With viral replication proteins Any standard indicator 
gene can be utiliZed, such as, for example, lacZ gene. 
Typically, an indicator gene is preferred for ease in identi 
fying transposition events. HoWever, transposition is ef? 
cient enough (e.g., in ?rst 9 experiments (see Example 1), 
9-40% of total transformants are transposition products) that 
bacteria containing transposition products can be screened 
by restriction digests of plasmid DNA or by PCR (presence 
of PCR product When one primer anneals to the homing 
vector and the other primer anneals Within the mini-Tn7) in 
the absence of the indicator gene. With AAV vectors it Will 
be preferred that the homing vector not include an indicator 
gene since total capacity of AAV vectors is approximately 
4,700 bp. It is also generally preferred that retrovirus hom 
ing vectors omit an indicator, since retroviruses are gener 
ally limited to about 11,000 bp. 

[0048] The nucleic acid includes an origin of replication. 
The origin can be any selected origin of replication, such as 
a bacterial origin or a yeast origin of replication, selected 
based upon the type of cell in Which one intends to maintain 
the plasmid. Such selection of an appropriate origin of 
replication is standard in the art. For example, the origin of 
replication can be derived from a bacterial origin selected 
from the group consisting of F, colE1, p15A and f1. The 
origin of replication can be derived from a yeast origin 
selected from the group consisting of cen3, cen4, cen and 
tWo micron. In a preferred embodiment, the origin of 
replication is inserted in a region outside of the viral 
polynucleotide, as exempli?ed herein. 

[0049] The homing vector can further comprise a selection 
marker. In a preferred embodiment, the selection marker is 
advantageously placed in the homing vector in a region 
outside the viral polynucleotide, to alloW additional insert 
siZe. For any homing vector or transfer vector of this 
invention, in general any desired selection marker can be 
utiliZed. For example, suitable selection markers can include 
antibiotic resistance (e.g., chloramphenicol resistance, tet 
racycline resistance, ampicillin resistance, kanamycin resis 
tance), auxotrophic markers and cell-surface markers. 

[0050] The homing vector also can comprise a functional 
promoter, Wherein upon transposition of an exogenous 
nucleic acid into the transposon target site, the promoter is 
positioned to promote expression of the exogenous nucleic 
acid. The promoter can be a prokaryotic promoter or a 
eukaryotic promoter. A prokaryotic promoter Would be 
useful on the transposed homing vector DNA but not in the 
ultimate virus produced. The virus should not deliver to 
prokaryotes Where the promoter Will be active. The nucleic 
acid can comprise one or more promoters (e.g., a series of 
promoters) positioned to promote expression of the exog 
enous nucleic acid upon transposition of the exogenous 
nucleic acid into the transposon target site. Thus, the pro 
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moter can be present in any of several regions Within the 
nucleic acid, as Will be recogniZed by those of skill in the art. 
For example, the promoter, or series of promoters, can be 
positioned Within the transposition cassette or they can be 
positioned upstream of the transposon site. The latter posi 
tion is particularly useful When one or more AT Gs present in 
the transposon have been rendered non-functional. Typi 
cally, When there is present a series of promoters, each 
promoter functions in a different capacity; for example, each 
may function in a different type of host cell, they may 
produce different levels of expression Within the same host 
cell type, or they may have different mechanisms of expres 
sion (e.g., one or more can be an inducible promoter). Thus, 
a series of promoters can be selected from, for example, a 
eukaryotic promoter such as tet-inducible, tet-repressible, 
ecdysone, baculovirus basic, baculovirus polyhedrin, CMV, 
SV40 or RSV promoter, or a prokaryotic promoter, such as 
T7, lac, tac, trp, or alkaline phosphatase promoter. The 
promoters in a series can be a combination of prokaryotic 
and eukaryotic promoters, preferably in a concatameric 
array. Such an arrangement of promoters is bene?cially 
enhanced by the removal of intervening ATGs betWeen the 
promoter (either on the transfer vector or on the homing 
vector) and the exogenous nucleic acid to increase transla 
tional initiation at the desired ATG site. For example, ATGs 
are found in Tn7, and one or more of these ATGs can be 

rendered non-functional, such as by site-speci?c mutagen 
esis. Additionally, one can use GTG in E. coli for the reporter 
so as to alloW for the use of the protein ATG. 

[0051] It is noted that one or more promoters can be 
brought into the ultimate virus in a transfer vector, or one or 
more promoters can be brought in on a homing vector, 
exogenous to the transposition cassette, or a combination of 
both can be done. The transposon and corresponding trans 
poson attachment or recognition site can be any desired 
transposon. For example, the Tn7 transposon and transposon 
attachment site can be utiliZed. The transposon attachment 
site (target site) can be located Within the homing vector in 
any region that does not prevent recombinant virus produc 
tion upon placing the vector in appropriate packaging. For 
example, for adenovirus, the transposon target site can be 
located, e.g., in place of part or all of E1, E2, E3, and/or E4. 

[0052] The virus can be any selected animal virus. For 
example, the virus can be adenovirus. Several adenoviruses 
can be utiliZed, such as Ad2, Ad4, Ad5, and Ad7, Which are 
knoWn in the art. In particular, Ad4 and Ad7 have been used 
as live viral vaccines in humans. Additionally, Ad 2 (Gen 
bank accession J01917) and Ad5 (GenBank accession 
M73260) (exempli?ed herein) are greater than 90% similar 
in DNA sequence homology. (see, e.g., BioTechniques 6, 
616-629 (1988); Vaccine 13, 1143-1151 (1995); Adenovi 
ruses in Encyclopedia of Virology, ed. R. Webster and A. 
Granoff Academic Press). 

[0053] The E1 region of adenovirus can be deleted from 
the adenoviral polynucleotide. The E3 region of adenovirus 
can be deleted from the adenoviral polynucleotide. The E1 
region and the E3 region of adenovirus can be deleted from 
the adenoviral polynucleotide. The E2 or E4 region of 
adenovirus can be deleted from the adenoviral polynucle 
otide. E3 is not necessary for replication of Ads in cell 
culture, thus is it not necessary to provide E3 in trans. These 
deleted region(s) can be utiliZed as a site for insertion of a 
transposon attachment site, if desired. Additionally, if an 
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indicator gene is utilized in the homing vector, one or more 
of these regions, eg E1, can be replaced With the indicator 
gene. For E4 deletions it has been reported that it is 
advantageous to add spacer DNA into the deleted E4 region 
to maintain adequate expression of ?ber for high titre virus 
production (J Virol. 70, 6497-6501 (1996). To maximize the 
amount of exogenous DNA that can be transposed into E4, 
E3, E1 deleted Ads, it can be desirable to locate transposon 
target site in the E4 region. 

[0054] The homing vector can further comprise a trans 
poson inserted into the transposon target site, Wherein the 
transposon comprises an exogenous polynucleotide. The an 
exogenous polynucleotide can encode a polypeptide (e.g., 
reporter genes); it can encode an antisense nucleic acid (see, 
e.g., Antisense DNA and RNA, D. A. Melton, Ed. Cold 
Spring Harbor Laboratory, Cold Spring Harbor, NY. 
(1988)); it can encode an aptamer; it can encode a DNA 
binding site (e.g., to titrate out transcription factors), for 
example. As is knoWn in the art, aptamers are DNA/RNA 
molecules that can assume a (stable) 3-D shape that inter 
feres With protein function. (Annu. Rev. Biochem. 64,763 
797 (1995); J. Biol. Chem 23,13581-13584 (1995). The 
length of the exogenous nucleic acid can be selected bearing 
in mind the packaging capacity of the homing vector into 
Which the exogenous nucleic acid Will be transposed, such 
that the resulting recombinant virus can be packaged. In one 
embodiment, the exogenous nucleic acid lacks its oWn 
promoter; in such a embodiment, the transfer vector and/or 
the homing vector ultimately supplies a promoter. The 
transfer vector can additionally provide other components 
for functional expression of the exogenous nucleic acid, or 
they can be cloned in With the exogenous nucleic acid. Such 
components are knoWn on the art and can include, for 
example, processing sites such as a polyadenylation signal, 
ribosome binding sites, RNA splice sites, and transcriptional 
termination sequences. 

[0055] It can be advantageous to make adenovirus-based 
homing vectors With mutated (or use Wt genes from other 
serotypes) ?ber, penton, hexon genes to alter tropism of 
virus. For example it has been shoWn that mutating the ?ber 
gene can direct Ads to infect cells via binding to heparan 
containing cellular receptors. Nature Biotechnology 
14,1570-1573 (1996). 
[0056] The animal virus can also be a retrovirus. Repli 
cation-defective retroviral shuttle vectors and complement 
ing retroviral producing cell lines are Well-knoWn in the art, 
for example, the retroviral vectors pLNCX, pLNX, and N2 
and the retroviral packaging cell line PA317. Retroviral 
homing vectors need to contain appropriate retroviral regu 
latory sequences for viral encapsidation, proviral insertion 
into the target genome, and message splicing, termination, 
and polyadenylation. For ef?cient packaging, retroviral 
genomes should in general be less than about 11,000 bp. The 
gag, pol, and env genes do not need to be present on the 
retroviral homing vector because they can be provided in 
trans by specially designed retroviral producing cell lines. 
Retroviral homing vectors can be made from existing ret 
roviral shuttle vectors by standard molecular biology tech 
niques Well-knoWn to those skilled in the art and as exem 
pli?ed in the examples herein. One can generate a retroviral 
homing vector designed to have the regulatory sequences 
expressing the transposed DNA Within the transposition 
cassette. Alternatively, one can generate a retroviral homing 
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vector designed to have the regulatory sequences controlling 
the expression of the transposed DNA outside the transpo 
sition cassette. 

[0057] Because retroviruses have an RNA genome it 
maybe necessary to remove the introns from the mini-Tn7s 
of transfer vectors Which are used With retroviral homing 
vectors in order to avoid inadvertent splicing of the recom 
binant retroviral genome prior to packaging. (se, e.g., Bio 
Techniques 7, 980-990 (1989); European patent application 
0 415 731 

[0058] Another viral expression system that can be 
adapted to for use With homing and transfer vectors is 
adeno-associated virus The cis-acting DNA 
sequences necessary for generating AAV are the short ITRs. 
All gene products can be provided in trans. 

[0059] The present invention also provides a cell compris 
ing the homing vector. The cell can be any cell capable of 
replicating the homing vector. For example, the cell can be 
a bacteria, yeast, E. coli, S. cerevisiae cell. The cell can also 
be a cell capable of production of the virus; i.e., a cell 
providing any necessary replication proteins, such as repli 
cation proteins not encoded on the homing vector. Appro 
priate cell are knoWn in the art. For example, for replication 
of E1 deleted Ads: HEK 293 (more commonly referred to as 
just 293) (J. Gen. Virol. 36, 59-72 (1977); for replication of 
E1 and E4 deleted Ads: 293-ORF6 cells (J Virol. 70, 
6497-6501 (1996) [Genvec]); for replication of E1, E2b 
deleted Ads: B-6 (J Virology 72, 926-933 (1998)) can be 
used. 

[0060] Using coinfection With a packaging impaired 
helper virus SV5 it has been possible to delete all viral genes 
from an Ad vector. The only essential Ad sequences needed 
on the Ad vector are the viral origin of replication and 
packaging signal. The required sequences are located on the 
358 bp left end of Ad. These vectors require large inserts to 
keep the ?nal genome siZe near that of a Wild-type Ad. (Proc. 
Natl. Acad Sci. 93, 5731-5736, (1996); Nature Medicine 2, 
714-716 (1996)). 

[0061] The present invention further provides a transfer 
vector for transposition of an exogenous nucleic acid com 
prising 

[0062] a transposon having a cloning site betWeen a 
left end of the transposon and a right end of the 
transposon; 

[0063] a bacterial origin of replication positioned out 
side of a region encompassed by the left end and the 
right end of the transposon; and 

[0064] a selectable marker. 

[0065] The transposon can be, for example, Tn7, Cre-lox, 
lambda integrase, or other viral integrase genes. In one 
embodiment, the selectable marker is inserted outside of the 
region encompassed by the left end and the right end of the 
transposon. In another embodiment, a functional ATG codon 
Within the transposon has been rendered nonfunctional. In 
such an embodiment, an exogenous nucleic acid inserted 
into the cloning site can lack a promoter; thus a different 
promoter can be placed, either in the transfer vector and/or 
in the ultimate homing vector, to promote expression of the 
exogenous nucleic acid, reading through the transposon. 
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[0066] In another embodiment, the transfer vector further 
comprises a promoter outside the region encompassed by the 
left end and the right end of the transposon, positioned to 
promote expression of an exogenous nucleic acid inserted in 
the cloning site. As described above for the homing vector, 
the promoter can be one or more promoters, derived from 
one or more organisms. For example, the promoter can be a 
cytomegalovirus promoter, inserted Wither inside or outside 
of the left end or the right end of transposon, and positioned 
to read in the direction of the cloning site into Which an 
exogenous nucleic acid can be cloned. 

[0067] Exogenous polynucleotides can be selected as 
described above. The selectable marker can be any desired 
selectable marker, as described above. The selectable marker 
can be placed outside of the left end and the right end of the 
transposon, so that ultimately, feWer nucleic acids are trans 
posed into the homing vector. HoWever, the selectable 
marker can be placed Within the left end and the right end of 
the transposon; When it is so placed, it is preferred that the 
direction of promotion of the selectable marker be the same 
direction of the promoter for the exogenous gene, and 
further, that the selectable marker be placed 3‘, or doWn 
stream, of the exogenous nucleic acid. 

[0068] The present invention additionally provides a cell 
comprising a transfer vector of this invention. Such cells can 
be any selected cell that can replicate the vector, such as a 
bacterial cell (e.g., E. coli) or a yeast cell (e.g., S. cerevisiae). 

[0069] The present invention additionally provides a kit 
comprising a nucleic acid for generating a recombinant 
animal virus comprising 

[0070] (1) an animal virus polynucleotide Wherein 
the viral polynucleotide comprises viral elements 
sufficient for recombinant viral production in a host 
cell upon contact With replication proteins of the 
virus; a transposon target site Within the viral poly 
nucleotide Wherein location of the transposon target 
site Within the viral polynucleotide does not prevent 
recombinant virus production in a host cell upon 
contact With viral replication proteins; and an origin 
of replication; and 

[0071] (2) a vector for transposition of an exogenous 
nucleic acid, comprising a transposon that recogniZes 
the transposon target site, Wherein the transposon has a 
cloning site betWeen a left end of the transposon and a 
right end of the transposon; a bacterial origin of repli 
cation positioned outside of a region encompassed by 
the left end and the right end of the transposon; and a 
selectable marker. Akit can include a host containing a 
homing vector and transposase helper functions, and 
further Wherein the host cell is competent for transfor 
mation. 

[0072] The present invention further provides a method of 
producing a recombinant animal virus comprising 

[0073] (a) contacting a homing vector (as described 
herein), in a cell under conditions suitable for trans 
position, With a transfer vector, Wherein the transfer 
vector comprises 

[0074] a transposon that recogniZes the trans 
poson target site, 
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[0075] (ii) an exogenous polynucleotide inserted 
betWeen a left end of the transposon and a right 
end of the transposon, 

[0076] (iii) a bacterial origin of replication posi 
tioned outside of a region encompassed by the left 
end and the right end of the transposon, and 

[0077] (iv) a selectable marker, 

[0078] 
[0079] (b) transferring the transposition product into 

a cell comprising a viral replication protein, 

[0080] 
virus. 

to produce a transposition product; and 

thereby producing the recombinant animal 

[0081] As described herein, the homing vector comprises 
a nucleic acid for generating a recombinant animal virus 
comprising 

[0082] a) an animal virus polynucleotide Wherein the 
viral polynucleotide comprises viral elements sufficient 
for recombinant viral production in a host cell upon 
contact With replication proteins of the virus; 

[0083] b) a transposon target site Within the viral poly 
nucleotide Wherein location of the transposon target 
site Within the viral polynucleotide does not prevent 
recombinant virus production in a host cell upon con 
tact With viral replication proteins; and 

[0084] c) an origin of replication. 

[0085] The contacting step can be achieved by standard 
transfer of the homing vector and the transfer vector into a 
cell. Such standard means can include, for example, using 
chemically competent cells, electroporation, and the like. 
The cell is typically a prokaryotic cell, or it can be a yeast 
cell. The cell preferably also contains or has transferred into 
it, genes encoding any necessary proteins, such as a trans 
posase gene. The cells are maintained under conditions that 
Will alloW transposition to occur, including conditions that 
alloW production of the transposase. Once a transposition 
product has formed, it can be harvested from the transpo 
sition cell and then transferred into a cell capable of pro 
ducing the virus of the homing vector, as described above. 
For example, for adenovirus having a deletion of E1, 293 
cells can be utiliZed. The transfer can be achieved by any of 
several standard methods such as calcium phosphate treated 
cells, electroporation or liposome-mediated transfer. The 
cells can be maintained under conditions that alloW produc 
tion of the virus, and recombinant virus can be harvested. 

[0086] As described above, in this method, the nucleic 
acid can further comprise a promoter inserted in a region 
Within the viral polynucleotide and positioned to promote 
expression of the exogenous polynucleotide. In particular, 
the nucleic acid can further comprise a promoter inserted in 
a region outside of the transposition target site and posi 
tioned to promote expression of the exogenous polynucle 
otide. Additionally, the exogenous polynucleotide can lack a 
promoter. In this embodiment, it is preferred, but not 
required, that a functional ATG codon Within the transposon 
have been rendered non-functional. 

[0087] The transfer vector can further comprise a pro 
moter outside the region encompassed by the left end and the 
right end of the transposon, positioned to promote expres 



US 2002/0042137 A1 

sion of an exogenous polynucleotide inserted in the cloning 
site. In this embodiment, the exogenous polynucleotide can 
lack a promoter, and additionally or alternatively, a func 
tional AT G codon Within the transposon can have been 
rendered non-functional. In this embodiment, the homing 
vector Will typically provide the promoter. As described 
above, the promoter can comprise tWo or more promoters 
derived from tWo or more organisms. 

[0088] In one embodiment, the transfer vector further 
comprises a promoter Within the region encompassed by the 
left end and the right end of the transposon, positioned to 
promote expression of an exogenous polynucleotide inserted 
in the cloning site. In one speci?c embodiment the promoter 
is a cytomegalovirus promoter. 

[0089] This method of producing a recombinant animal 
virus can be utiliZed for many purposes, as the skilled artisan 
Will recogniZe. For example, expression of a gene of interest 
can be monitored in several cell types, With only one cloning 
of the gene of interest necessary. The recombinant viruses 
can ultimately be administered to a cell, a tissue, an organ or 
a subject of interest. For example, the subject can be a 
mammal, such as a human, a veterinary animal, such as a 
cat, dog, horse, pig, goat, sheep, or coW, or a laboratory 
animal such as a mouse, rat, rabbit, or guinea pig. The 
promoter, Whether provided on the homing vector or other 
Wise, can be selected accordingly for expression in the 
selected cell type. Administration to the cell, tissue, organ or 
subject of the virus can be by standard means for that 
subject. The administration can provide a protein to a subject 
in need of the protein, for example, or an antisense nucleic 
acid to inhibit expression of a gene. 

[0090] The present invention Will be illustrated in detail in 
the folloWing examples, Which examples are not intended to 
limit the present invention. 

EXAMPLES 

[0091] Bacterial Strains, Plasmids, Cell Lines and Viral 
DNAs. 

[0092] DH10B and DH10Bac competent cells and pFAST 
BAC1 Were obtained from Life Technologies [(LTI), Gaith 
ersburg, Md.]. The plasmid pMON7124 (13) Was isolated 
from DH10Bac cells. BJ5183 (14) Were provided by D. 
Hanahan. pGL3-basic Was purchased from Promega (Madi 
son, Wis.). The tetracycline regulateable promoter (TetOp) 
and tetracycline-regulated transactivator (tTA) Were 
obtained from H. Bujard (15). P. Fasani-Ghersa (Serono, 
Geneva, SWitZerland) constructed and made available to us 
AdtTA. Other reagents include: pFOS1 (16), IN340 viral 
DNA (17), HEK 293 cells (18), and IMR-90 cells (19). 

[0093] General Methods. 

[0094] Competent cells Were prepared by the CaCl2 
method and stored froZen (20). Plasmid minipreps Were 
prepared using WiZard minipreps (Promega); plasmids>20 
kb Were eluted from the minicolumns With 80° C. Water. For 
large scale isolation of admids, 500-1000 ml cultures Were 
groWn in LB and the admid isolated using plasmid maxi kits 
using the procedure recommended for loW-copy plasmids 
(Qiagen, Valencia, Calif.). LB agar Was supplemented With 
100 pig/ml ampicillin (Ap), 15 pig/ml tetracycline (Tc), 20 
pig/ml chloramphenicol (Cm), 7 pig/ml gentamycin (Gm), 
300 pig/ml Bluo-gal (LTI), and 40 pig/ml isopropylthio-[3 
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galactoside (IPTG) as indicated. Polymerase chain reaction 
(PCR) Was performed With Ampli-Taq (Perkin Elmer, Foster 
City, Calif.) using standard techniques (20). 

Example 1 

[0095] Construction of Adenoviral (admid) Homing Vec 
tors and Transfer Vectors. 

[0096] A. One synthetic route to constructing an admid is 
described hereafter. HoWever, those skilled in the art Will 
realiZe, that many other routes can be used to obtain a 
functionally identical endpoint. It is possible to locate the 
lacZattTn7 site in a different location Within the admid, e.g. 
replacing the E3 region. Furthermore, additional adenoviral 
sequences can be deleted depending on the cell line used to 
produce virus from the admid constructs, e.g. E4 could be 
deleted if the admid Was ampli?ed in 293-ORF6 cells 
[Brough et al. J. Virol. 70, 6497-6501 (1996)]. Standard 
molecular biology techniques Widely knoWn to those skilled 
in the art are used throughout the example. Many of these 
molecular biology techniques are described in books such as 
Current Protocols in Molecular Biology. 

[0097] Step 1. 

[0098] The left end of the adenoviral genome is obtained 
by Polymerase Chain Reaction (PCR) ampli?cation. The 
template DNA is puri?ed viral DNA of Ad5 strain IN340 
[Hearing and Shenk, Cell 33, 695-703 (1983)] and the 
primers are priCR49 5‘-GGTTAATTAACATCAT 
CAATAATATACCTTATTTTGG (SEQ ID N013) and 
priCR50 5‘-CCAGNFCTGCTTCGAAGGCCCTAGA 
CAAATATTACGC (SEQ ID NO:4). The product of this 
ampli?cation includes Ad5 bases 1-355 (all Ad5 coordinates 
based on GenBank accession M73260). The Ad5 sequences 
are ?anked on the left side by PacI and on the right side by 
NspV and BglII restriction endonuclease recognition sites. 
The PCR product is cloned into the plasmid vector pGEM-T 
Easy (Promega Corporation). The plasmids from individual 
colonies are screened for the presence and orientation of the 
PCR product. Selected plasmids With inserts orientated such 
that the BglII site is closer to SalI rather than AatII are DNA 
sequenced to con?rm that they contain complete and accu 
rate copies of Ad5 coordinates 1-355 and the three intro 
duced restriction endonuclease recognition sequences. A 
plasmid With the correct sequences is designated product of 
step 1 (pCR267). 

[0099] Step 2. 

[0100] The product of step 1 is further modi?ed by insert 
ing a 5.6 kb BglII restriction endonuclease fragment from 
IN340 (Ad5 coordinates 3328-8914) into the BglII site. 
Transformants are screened for a plasmid With the BglII 
fragment in the desired orientation, Ad5 base 355 closest to 
Ad5 base 3328. A plasmid, designated product of step 2 
(pCR268), Was identi?ed that contains a PacI site 5‘ of Ad 
sequences 1-355, a NspV site, and Ad5 sequences 3328 
8918. This plasmid resembles many standard E1 replace 
ment adenovirus transfer vectors such as pQB 1-AdBN 
(Quantum Biotechnologies Inc.) and pXCX2 [Spessot et al. 
Virology 168, 378-387 (1989)]. 

[0101] Step 3. 

[0102] The product of step 2 is digested With the restric 
tion endonucleases SalI and KpnI and the 8.6 kb fragment is 
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isolated. An oligonucleotide adaptor, CRX/Y is created by 
denaturing and then slowly cooling the oligonucleotides 
CRX 5‘-TCGACTTAATTAAGATATCGC 
CCGGGCGCGATCGCT CTAGAGGTAC (SEQ ID N015) 
and CRY 5‘-CTCTAGAGCGATCGCGCCCGGGC 
GATATCTTAATTAAG (SEQ ID NO:6). The CRX/Y adap 
tor is ligated to the 8.6 kb SalI, KpnI fragment of the product 
of step 2 and colonies are screened to identify plasmids that 
contain the adaptor. The desired recombinant plasmid is 
designated the product of step 3. 

[0103] Step 4. 

[0104] The product of step3 is digested With the restriction 
endonuclease AatII. The AatII digested DNA is treated With 
T4 DNA polymerase and dNTPs to repair the ends. A SalI 
oligonucleotide linker, 5‘-CGGTCGACCG (NeW England 
Biolabs) is ligated to the repaired, AatII-digested product of 
step 3. Transformants are screened to identify plasmids that 
contain the linker. The desired recombinant plasmid is 
designated the product of step 4. 

[0105] Step 5. 

[0106] The right end of AdS IN340 viral DNA is ampli?ed 
using PCR. The primers for the ampli?cation are priCH5 
5‘-GCTCTAGAAGGCAAACGGCCCTCACGTC 
CAAGTGGACG (SEQ ID NO.:15) and priCH6 5‘-TCCG 
TAAAGCGGCCGCATTTAAATCATCAT 
CAATAATATACCTTAATTTTG GATT (SEQ ID NO.: 16). 
The PCR product is cloned into a vector such as pGEM-T 
Easy. The transformants are screened for plasmids that 
contain the PCR product. The inserts in selected plasmids 
are DNA sequenced to identify one containing a complete 
and accurate copy of the IN340 DNA. The approximately 
1.7 kb SWaI, XbaI fragment is isolated from a sequence 
veri?ed pGEM-T Easy clone. The product of step 4 is 
digested With the restriction endonucleases EcoRV and XbaI 
and the 8.6 kb fragment is isolated. The 1.7 kb SWaI, XbaI 
fragment is ligated to the 8.6 kb EcoRV, XbaI fragment. 
Transformants are screened to identify plasmids that contain 
an accurate joining of the tWo fragments. The desired 
recombinant plasmid is designated the product of step 5. 

[0107] Step 6. 

[0108] The product of step 5 is digested With the restric 
tion endonuclease SalI and the 7.3 kb fragment is isolated. 
The plasmid pFOS1 et al. Nuc. Acids Res. 20, 1083 
1085 (1992)], is digested With the restriction endonuclease 
SalI and the 6.4 kb fragment is isolated. The tWo isolated 
SalI fragments are ligated. Chloramphenicol resistant trans 
formants are screened for plasmids that have the Ad5 
sequences of the product of step 5 linked to the F‘ origin 
derived from pFOS1. The desired recombinant plasmid is 
designated the product of step 6. 

[0109] Step 7 

[0110] The lacZattTn7 can be obtained from PCR ampli 
?cation using DNA isolated from DH10Bac (Life Technolo 
gies Inc.) and the primers priCR1 5‘-GGTCGAGCGTCT 
TCGAAGCGC (SEQ ID NO: 1) and priCR2 
5‘-CCGTCTTCGAACCAATCAGCAAACC (SEQ ID 
NO:2). The PCR product is cloned into a vector designed for 
cloning PCR products such as pGEM-T Easy. The transfor 
mants are screened for the presence of a 0.7 kb insert. The 
inserts in selected plasmids are DNA sequenced to con?rm 
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that they contain complete and accurate copies of lac 
ZattTn7. The 0.7 kb NspV fragment is isolated from the 
pGEM-T Easy derivative and cloned into the NspV site of 
the product of step 6. The lacZattTn7 cassette is inserted 
betWeen Ad5 base 355 and Ad5 base 3328. The product of 
step 7 containing the lacZattTn7 fragment converts E. coi 
DH10B from a [3gal' to a [3gal+ phenotype on agar plates 
containing Bluo-gal and IPTG facilitating identi?cation of 
the desired recombinant plasmid. Either orientation of the 
NspV site should be useful but a plasmid With lacZ in the 
same transcriptional orientation as E1 is designated the 
product of step 7. 

[0111] Step 8. 

[0112] The rest of the adenoviral genome can be added to 
the product of step 7 by homologous recombination in E. 
coli BJ5183 [Hanahan, D. J. Mol. Biol. 166, 557-580 
(1983)]. The product of step 7 is digested With the restriction 
endonuclease HindIII and the 11.7 kb fragment is isolated. 
The 11.7 kb HindIII fragment of the product of step 7 is 
co-transforrned With IN340 viral DNA into competent 
BJ5183. Chloramphenicol resistant colonies are screened for 
plasmids that contain a full-length admid that is designated 
the product of step 8. The adenovirus homing vector pro 
duced by this method is shoWn in FIG. 1. 

[0113] B. An admid vector, pCR220, Was constructed in a 
multistep procedure from IN340 viral DNA, bMON14272, 
and pFOS1. A PCR product comprising the lacZattTn7 
(template: DH10Bac DNA; primers: 

[0114] priCR1 5‘-GGTCGAGCGTCTTCGAAGCGC 
(SEQ ID N011) and 

[0115] priCR2 5‘-CCGTCTTCGAACCAATCAG 
CAAACC) (SEQ ID NO:2) replaces about 3 kb of the 
E1A/E1B region of Ad5. 

[0116] To generate a template for homologous recombi 
nation in E. coli, a plasmid, pCR207, Was generated con 
taining the left ITR of Ad5, the lacZattTn7 cassette, 2.4 kb 
of DNA from left end of AdS and 1.7 kb of DNA from the 
right end of AdS. The plasmid pCR207 Was lineariZed With 
the restriction enZyme BstI107, separating the left end and 
right end homologies to Ad5 viral DNA, and Was co 
transformed With uncut IN340 viral DNA into competent E. 
coli BJ5183. Screening of the transformed cells identi?ed 
pCR213, the product resulting from the homologous recom 
bination betWeen the input DNAs. The plasmid, pCR213 has 
a PacI site adjacent to the left end of the Ad genome and a 
SWaI site adjacent to the right end of the Ad genome. In a 
multistep procedure using standard cloning techniques, the 
[3-lactamase gene and ColE1 origin of replication of pCR213 
Were replaced With the Cm resistance gene and the F‘ 
loW-copy origin of replication from pFOS1. These manipu 
lations also resulted in the replacement of the SWaI site at the 
3‘ end of the Ad genome With a second PacI site. The ?nal 
construct, pCR220, is maintained as a loW-copy plasmid in 
E. coli and produces a [3gal+ phenotype on media containing 
Bluo-gal+IPTG. Restriction of pCR220 With PacI produces 
a linear DNA fragment that is essentially an E1“, E3“ 
recombinant adenoviral genome With lacZattTn7 replacing 
E1. 

[0117] Although functionally deleted for E3, the E3 muta 
tion in pCR220 is derived from d1309 in Which the deleted 
Ad5 E3 DNA Was replaced With heterologous DNA (21) 
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resulting in little increase in the cloning capacity. To accom 
modate larger insert siZes it Was desirable to remake the E3 
mutation as a physical deletion of DNA. This Was accom 
plished using standard DNA cloning techniques to replace 
the d1309-derived E3 mutation With an E3 mutation made 
by deleting the 1.9 kb XbaI fragment from Wild-type Ad5 
creating pCR249. The Ad genome of pCR249 and pCR220 
are 32.0 kb and 33.8 kb, respectively. 

[0118] Plasmid transfer vectors containing mini-Tn7 ele 
ments (e.g., pCR259, FIG. 2) Were constructed using stan 
dard cloning techniques. An admid transfer vector can be 
made by modifying pFASTBAC1 (Life Technologies Inc.) 
to contain an expression cassette that is active in target cells. 
For example the CMV immediate early promoter Which is 
broadly active in most human and animal cells. One such 
admid transfer vector is pCR259. The vector Was made by 
combining the CMV expression cassette from pCI (Promega 
Corporation) With the plasmid backbone and cis-acting 
Tn7L and Tn7R sequences from pFASTBAC1 (Life Tech 
nologies Inc.). Plasmid pCI Was ?rst digested With the 
restriction endonuclease BglII. The overhanging ends from 
the BglII-cleaved DNA Were repaired using T4 DNA poly 
merase and dNTPs. Subsequently the linear pCI molecule 
Was digested With the restriction endonuclease BamHI and 
the 1348 bp DNA fragment Was isolated. The plasmid 
pFASTBAC1 Was ?rst digested With the restriction endo 
nuclease SacII. The overhanging ends from the SacII 
cleaved DNA Were removed using T4 DNA polymerase and 
dNTPs. Ligation of the 1348 bp BglII, BamHI fragment 
from pCI and the 3140 bp BclI, SacII fragment of pFAST 
BAC1 generated the plasmid pCR259. 

[0119] It may also be desirable in some situations to use a 
promoter Whose expression can be regulated. One example 
of such a promoter is the tetracycline-regulated promoter 
described by Gossen and Bujard [Proc. Natl. Acad. Sci. 89, 
5547-5551 (1992)]. Admid transfer vectors containing the 
TetOp promoter can be made using standard molecular 
biology techniques to replace the CMV promoter of pCR25 9 
With the TetOp promoter [440 bp XhoI/SacII fragment of 
pUHG 10-3, Ghersa et al. J. Biol. Chem. 269, 29129-29137, 
(1994)]. 
[0120] Transfer vectors containing the luciferase reporter 
gene, can readily be made by inserting the 1.7 kb HindIII, 
XbaI fragment of pGL3-basic into a cloning site (MCS) of 
the CMV or TetOp promoter. Vectors With a Tc-regulatable 
promoter can be made by replacing the CMV promoter With 
the 474 bp XhoI, XbaI fragment from pUHG10-3 (22) 

[0121] Construction of E. coli Strains DH10B Admid220 
and DH10B Admid249. 

[0122] DH10B competent cells Were transformed With 
extrachromosomal DNA isolated from DH10Bac and 
selected on Tc. TcR, Aps, kanamycin-sensitive colonies 
containing pMON7124 Were isolated. Competent DH10B 
(pMON7124) cells Were transformed With either pCR220 or 
pCR249. The transformants Were plated on LB agar+Tc+ 
Cm+Bluo-gal+IPTG and Were designated DH10B 
(Admid220) and DH10B (Admid249), respectively. 

[0123] Transposition of mini-Tn7 elements from transfer 
vectors into admids. Transposition Was performed by trans 
forming 80 11 competent DH10B Admid220 With 10 ng of 
uncut transfer vector. The competent cells Were mixed With 
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the transfer vector and incubated for 20 min on ice. Fol 
loWing a 45 second heat shock at 42° C. and a subsequent 
2 min incubation on ice, 900 pl of S.O.C. media (LTI) Was 
added and the cells Were groWn for 4 hours at 37° C. With 
aeration. The cultures Were then plated on LB agar+Cm+ 
Tc+Ap+Bluo-gal+IPTG and groWn for 24 hrs at 37° C. The 
[3gal' transformants Were veri?ed as transposition products 
using PCR. Aprimer set, With one primer binding to the Ad 
sequences of the input admid and the other binding to an 
internal sequence of the mini-Tn7 of the transfer vector Were 
used. Some of the transposed admid constructs Were further 
veri?ed via restriction enZyme digests after segregating the 
loW-copy recombinant admid from the high-copy number 
pMON7124 helper plasmid and the transfer vector by CaCl2 
transformation. 

[0124] Transfection of 293 Cells and Production and Puri 
?cation of Adenovirus. 

[0125] One day after plating about 2><106 cells per 60 mm 
dish, 293 cells Were transfected using 2 pg plasmid DNA and 
40 pg lipofectamine (LTI). The DNA/lipofectamine complex 
Was incubated With the cells for 6 hrs in serum-free media 
before diluting the transfection mix With an equal volume of 
media containing 4% bovine calf serum. The cells Were 
harvested after six days prior to any observed cytopathic 
effect. The cells Were froZen and thaWed three times, the cell 
debris pelleted and the virus-containing supernatant Was 
titered and ampli?ed. 

[0126] Virus Was titered by infecting con?uent plates of 
293 cells With virus dilutions for one hour. Eighteen hours 
later the cells Were ?xed With 90% methanol and the number 
of infected cells Was determined by ?uorescent microscopy 
[primary antibody: mouse Ab to adenovirus (Biodesign 
International, Kennebunk, Me.); secondary antibody: FITC 
labeled goat anti-mouse antibody (ICN, Auroa, Ohio)]. 
Ampli?ed virus Was puri?ed by standard techniques of 
banding in CsCl gradients (23). 

[0127] Construction of Conventional Control Viruses. 

[0128] The control viruses, AdCMV-null and Ad225, Were 
constructed by the traditional method of homologous recom 
bination in 293 cells The recombinant viruses Were 
identi?ed by PCR analysis of the primary ampli?cation of 
individual plaques, plaque puri?ed again, and then ampli 
?ed. The viruses Were produced and puri?ed the as 
described for the viruses produced using the admid system. 

[0129] 
[0130] IMR-90 cells Were plated at 5><104 cells/Well in 6 
Well dishes. TWo days later, after undergoing tWo population 
doublings, triplicate Wells Were infected With the indicated 
adenovirus mixtures at a total multiplicity of infection 
(MOI) of 100. Each infection contained 50 MOI of 
luciferase virus and 50 MOI of either AdCMV-null or AdtTA 
virus. TWo days later the cells Were harvested and assayed 
for luciferase activity using the luciferase assay system With 
cell culture lysis reagent as recommended by the supplier 
(Promega). Luciferase activity Was quantitated using a 
ML3000 luminometer (Dynatech Labs, Chantilly, Va.). 
Where indicated the cell culture medium Was supplemented 
With Tc starting one day prior to viral infection. 

Infection of Cell Lines and Luciferase Assays. 


































