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Recombinant adenovirus is widely
used as a mammalian cell expression
vector for multiple purposes including
gene therapy (1) and noninvasive vacci-
nation (5). It is urgent at this juncture to
develop an efficient protocol for con-
structing adenovirus recombinants in a
timely manner. The conventional ap-
proach to construct a replication-defec-
tive recombinant adenoviral vector re-
quires a series of time-consuming and
labor-intensive steps involving homolo-
gous recombination between two trans-
fected plasmids in mammalian pack-
aging cells (3). The finding that
homologous recombination can be car-
ried out in E. coli (2,4) streamlined the
procedure by allowing recombination
to occur overnight in bacterial cells and
obviated the need for plaque purifica-
tion. The AdEasy system (4) is one of
the fast-track systems for generating re-
combinant adenovirus by homologous
recombination in E. coli. Typically, a
linearized shuttle vector plasmid en-
coding kanamycin resistance is mixed
with an adenoviral backbone plasmid
(pAdEasy-1 or pAdEasy-2) encoding
ampicillin resistance, followed by co-
transformation into competent E. coli
BJ5183 cells. Recombinants are subse-
quently selected for kanamycin resis-
tance and identified by size in conjunc-
tion with restriction endonuclease
analysis. Finally, recombinant adenovi-
ral vectors are generated by transfect-
ing the recombinant plasmid into a
mammalian packaging cell line (e.g.,
293 or 911 cells).

We report here that the key step in
producing a recombinant plasmid in E.
coli can be enhanced by pre-selecting
the adenoviral backbone plasmid be-
fore the delivery of the shuttle vector
plasmid. In this two-step transforma-
tion protocol, we electroporated an
adenoviral backbone plasmid (i.e.,
pAdEasy-1) into E. coli BJ5183 cells,

followed by growing transformants on
LB agar plates containing 50 µg/mL
ampicillin. A single colony containing
pAdEasy-1 (BJ5183pAdEasy-1) was
subsequently characterized by restric-
tion analysis of the plasmid. BJ5183p-
AdEasy-1 cells were made electrocom-
petent as described (4) and kept in
aliquots at -80°C. To trigger a recombi-
nation reaction, a shuttle vector plas-
mid encoding the Bacillus anthracis
protective antigen (pShuttle-CMV.
PA63) was digested with restriction en-
donuclease PmeI, and 25 ng linearized
plasmid DNA, without enzyme inacti-
vation and purification, was directly
electroporated into BJ5183pAdEasy-1
cells. Transformants were selected on
LB agar plates containing 50 µg/mL
kanamycin. Plasmid DNA was pre-
pared from individual colonies using
the QIAprep® spin miniprep kit (Qia-
gen, Valencia, CA, USA). The 9.2-kb
pShuttle-CMV.PA63 plasmid and the
35-kb recombinant plasmid, both selec-
table by kanamycin resistance, could be
clearly identified by size after fraction-
ating supercoiled DNA in agarose gel.

As shown in Figure 1, transforma-
tion by mixing pShuttle-CMV.PA63
with pAdEasy-1 before electroporation
as described (4) resulted in a success
rate of 12% (2/17), whereas the new
two-step transformation protocol gen-
erated recombinant plasmids at a fre-
quency of 94% (16/17). The difference
in outcomes between the two protocols
was highly significant (P < 0.001 by
Fisher’s exact test). BJ5183pAdEasy-1
competent cells that had been frozen at
-80°C for up to eight months were as
efficient as their freshly prepared coun-
terparts in generating recombinant
plasmids. We envision that the en-
hanced selection of recombinants in an-
tibiotics following two-step transfor-
mation may be attributed to productive
recombination between incoming shut-
tle vector plasmids and pre-selected
pAdEasy-1 plasmids that existed as au-
tonomous replicons in E. coli cells. It is
conceivable that only a small fraction
of the pAdEasy-1 plasmid pool may be
allowed to persist in E. coli cells fol-
lowing transformation because there is
a high chance for a large plasmid
[pAdEasy-1 is 33 kb in size (4)] to be
defective (e.g., nicks along its long
DNA strands), and/or the efficiency for
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connecting a large plasmid to the cellu-
lar replication machinery may be low.
Therefore, homologous recombination
between a shuttle vector plasmid and an
adenoviral backbone plasmid unable to
exist as a replicon in E. coli cells is
counterproductive for generating selec-
table recombinant plasmids because
such recombinants are abortive. The
two-step transformation protocol en-

sures that homologous recombination
occurs in a productive manner by elim-
inating defective and non-replicative
adenoviral backbone plasmids in ad-
vance, thereby allowing a higher suc-
cess rate during the selection for re-
combinants. Moreover, the step to
inactivate PmeI with phenol/chloro-
form and purify the linearized shuttle
vector plasmid as described (4) is no

longer required because the need to
mix the linearized shuttle vector plas-
mid with the supercoiled adenoviral
backbone plasmid before transforma-
tion is negated. Overall, this two-step
transformation protocol may have
broad utility in systems that involve
homologous recombination in bacteria.
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Figure 1. Enhanced generation of selectable plasmid recombinants following homologous recom-
bination in E. coli cells by pre-selecting the adenoviral backbone plasmid. Homologous recombina-
tion between the pShuttle-CMV.PA63 plasmid (9.2 kb) and the pAdEasy-1 plasmid (33 kb) in E. coli
BJ5183 cells was triggered by two different protocols: (i) a one-step transformation protocol by which
the two plasmids were mixed before electroporation as described (4) and (ii) a two-step transformation
protocol that allows the linearized pShuttle-CMV.PA63 plasmid to be transformed into E. coli
BJ5183pAdEasy-1 cells harboring the pAdEasy-1 plasmid as a pre-selected autonomous replicon. Lane
M, molecular weight marker (HindIII-cleaved λ DNA) (Life Technologies, Rockville, MD, USA); lane
A, supercoiled pAdEasy-1 DNA control; lane B, supercoiled pShuttle-CMV.PA63 DNA control; lanes
1–34, supercoiled plasmid DNA from individual kanamycin-resistant colonies following homologous re-
combination using either the one-step transformation protocol (lanes 1–17) or the two-step transforma-
tion protocol (lanes 18–34). DNA samples were fractionated in 0.8% agarose gel, stained with ethidium
bromide, and visualized with the Gel-Doc 2000 (Bio-Rad Laboratories, Hercules, CA, USA).
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