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Production of gutted, or helper-dependent, adenovirus vectors by current methods is inefficient. Typically, a
plasmid form of the gutted genome is transfected with helper viral DNA into 293 cells; the resulting lysate is
serially passaged to increase the titer of gutted virions. Inefficient production of gutted virus particles after
cotransfection is likely due to suboptimal association of replication factors with the abnormal origins found in
these plasmid substrates. To test this hypothesis, we explored whether gutted virus production would be
facilitated by transfection into cells expressing various viral replication factors. We observed that C7 cells,
coexpressing adenoviral DNA polymerase and preterminal protein, converted plasmid DNA into replicating
virus approximately 50 times more efficiently than did 293 cells. This property of C7 cells can be used to greatly
increase the efficiency of gutted virus production after cotransfection of gutted and helper viral DNA. These
cells should also be useful for generation of recombinant adenovirus from any plasmid-based precursor.

Conventional adenovirus (Ad) gene delivery vectors are
based on replacement of early regions of the viral genome with
an expression cassette coding for a gene of interest. Unfortu-
nately, Ad vectors have drawbacks that limit their usefulness
for many applications. First, the cloning capacity of these vec-
tors is limited to 8 to 10 kb. Second, despite deletion of the E1
region, leaky expression of immunogenic viral proteins occurs
in vivo, which leads to a host immune response and elimination
of gene expression from transduced tissues (9, 10, 12, 27, 40,
42-45). Gutted, or helper-dependent, Ad vectors may over-
come these drawbacks (11, 20, 21). Gutted vectors contain
cis-acting DNA sequences necessary for viral replication and
packaging but no viral coding sequences. These vectors can
accommodate up to 36 kb of exogenous DNA and are unable
to express viral proteins. Gutted vectors are produced by rep-
lication in the presence of a helper virus, which provides all
necessary viral proteins in frans. Since the viral proteins act to
replicate both gutted and helper genomes, gutted Ad particles
are prepared as a mixture with helper virions, though selection
against helper virus packaging can reduce this contamination
(16, 28). Particles containing gutted viral genomes, rather than
helper genomes, must subsequently be purified on the basis of
their lower density (11, 20, 21).

The starting point for production of a gutted virus is plasmid
DNA (11, 20, 21). The plasmid contains the viral inverted
terminal repeats (ITRs), the viral packaging signal, and exog-
enous DNA to be carried by the gutted virus. To increase
production of gutted virus, most investigators linearize the
gutted viral plasmid; some systems require the ligation of viral
ITRs after linearization (11, 20). The plasmid DNA is cointro-
duced with helper sequences into a cell line that can replicate
the helper virus, normally 293 cells. Replication of the helper
virus eventually causes lysis of the cells; the lysate contains a
large number of helper virions and a comparatively small num-
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ber of gutted virions. The number and proportion of gutted
virions is small because plasmid DNA, whether circular (with
fused ITRs) or linear, is a poor substrate for initiation of
adenoviral DNA replication (15, 39). As a result, replication of
the helper virus occurs in many cells without concomitant
production of gutted virus, despite the presence of gutted viral
plasmid substrate. To increase the number and proportion of
gutted virions in the lysate, the initial mixture must be serially
passaged (21).

The production of gutted virus particles from plasmid DNA
in the first step of gutted vector production is so inefficient that
titers of less than 100 particles per milliliter are often obtained
(reference 28 and unpublished observations). In some cases no
gutted virions can be detected until at least one serial passage
has been performed. We hypothesized that the basis for this
problem is the low efficiency of initiation of adenoviral DNA
replication on plasmid DNA substrates, probably due to sub-
optimal association of replication factors with the abnormal
origins found in these substrates. The normal substrate for
initiation of adenoviral DNA replication is terminal protein-
DNA complex (6, 33, 34); plasmid-based substrates propa-
gated in Escherichia coli obviously lack terminal protein. The
presence of terminal protein bound to the template confers
higher affinity for incoming Ad polymerase-preterminal pro-
tein complex, a critical viral replication factor (29). Affinity for
the cellular replication factor NF-I, by contrast, is not affected
by the presence of terminal protein on the initiation substrate
(29). NF-1, like terminal protein, enhances the specific binding
of pTP-Pol complex to the Ad origin (25).

We hypothesized that provision of higher levels of replica-
tion factors, especially Ad polymerase-preterminal protein
complex, might facilitate initiation of DNA replication at ori-
gins lacking terminal protein, lead to higher infectivity of viral
DNA containing such origins, and allow production of higher
levels of gutted virus after cointroduction of gutted viral plas-
mid and helper sequences. We found that cells expressing both
Ad DNA polymerase and preterminal protein more efficiently
convert plasmid DNA to replicating virus. We show that such
cells can be used to increase greatly the efficiency and repro-
ducibility of gutted virus production after cotransfection of
gutted and helper viral DNA. Use of these cells to increase
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production of gutted virus, together with strategies that select
against helper virus contamination during serial passage (16,
28), should facilitate more general use of gutted Ad vectors. C7
cells should also facilitate generation of conventional recom-
binant Ad by using precursor genomes manipulated in E. coli.

Increased infectivity of circular Ad genomes in C7 cells. C7
cells are modified 293 cells that stably express both preterminal
protein and Ad DNA polymerase (3). Since these proteins are
important for the initiation of Ad DNA replication, we hypoth-
esized that their presence might allow for more efficient con-
version of suboptimal Ad templates to replicating virus. To test
this possibility, we transfected 293 cells or C7 cells with
pFG140, a plasmid that contains a complete Ad genome and
fused ITRs (13). C7 cells, compared with 293 cells, produced
dramatically higher numbers of plaques at all time points (Fig.
1A). To estimate the magnitude of this effect, we reduced the
amount of pFG140 transfected so that plates of both cell types
displayed well-separated plaques. One such experiment re-
vealed a 40-fold stimulation of plaquing efficiency in C7 cells
(Fig. 1B). Our average across all such experiments was 49-fold
stimulation (Fig. 2). The transfection efficiencies of the two cell
lines, as assessed by transfection of a 27-kb plasmid containing
a B-galactosidase expression cassette, were indistinguishable
(Fig. 1A).

Stimulation of infectivity by C7 cells depends on the phys-
ical state of the Ad origins of replication (ITRs). pFG140 is a
suboptimal template for initiation of adenoviral DNA replica-
tion because it contains fused ITRs, whereas normal Ad ori-
gins are found at the ends of linear molecules and are bound
covalently to terminal protein (37, 39). We hypothesized that
the improved plaquing efficiency of pFG140 in C7 cells was due
to the interaction of high levels of Ad DNA polymerase and
preterminal protein with the fused ITRs in the plasmid. If so,
then the magnitude of the effect should vary according to the
physical state of the ITRs, since this would alter the character
of the interaction.

293 or C7 cells were transfected with various forms of ad-
enoviral DNA or infected with intact virus. In the case of DNA
transfections, the amount of DNA was adjusted so that plates
of both cell types displayed well-separated plaques. Typical
transfections used 3 pg of circular pFG140 DNA, 100 ng of
deproteinized DNA extracted from virions, or 5 ng of intact
terminal protein-DNA complex extracted from virions. C7
cells displayed statistically significant increases in the specific
activities of the two suboptimal replication templates, pFG140
and deproteinized virion DNA (49- and 29-fold increases in
plaque-forming efficiency, respectively, compared with 293
cells [Fig. 2]). By contrast, the specific activity of a normal
replication template, terminal protein-DNA complex, was not
significantly different. The plaquing efficiency of an intact virus
was also not significantly different. These data indicate that the
improved plaquing efficiency of pFG140 in C7 cells results
from an interaction that depends on the physical state of the
viral ITRs.

Production of gutted viral particles and DNA after cotrans-
fection into C7 or low-passage 293 cells. The production of
gutted, or helper-dependent, adenoviral vectors requires initi-
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ation of Ad replication on a plasmid-based gutted viral ge-
nome, an inefficient process (11, 17, 20, 21). We hypothesized
that the production of packaged, gutted virus after cotransfec-
tion with helper viral DNA would be more efficient in C7 than
in 293 cells, since C7 cells more efficiently convert suboptimal
forms of viral DNA to replicating virus. To test this idea, we
transfected 293 and C7 cells with 8 pg of circular gutted viral
plasmid and 40 ng, 200 ng, or 1 pg of deproteinized linear
helper viral DNA extracted from virions. To avoid the problem
of pseudotransduction (1), which causes overestimation of
vector titers, we chose a gutted viral plasmid that expresses
B-galactosidase from an inducible ecdysone promoter. Use of
this reporter prevents expression in 293 cells but allows titering
in EcR-293 cells (Invitrogen Corporation, Carlsbad, Calif.).
The helper viral genome used constitutively expresses alkaline
phosphatase. Transfected cells were allowed to lyse, and cells
and supernatant were harvested together as a mixture. A por-
tion of this lysate was used for DNA extraction; the remainder
was titered for gutted and helper virions.

Plates of C7 cells always lysed before plates of low-passage
293 cells that had been transfected with the same amount of
viral DNA, reflecting the higher proportion of transfected cells
that initiated replication of the helper. For example, transfec-
tion of 293 cells with 40 ng of helper virus DNA failed to
produce lysis after 2 weeks, whereas C7 cells lysed within 1
week (Fig. 3B and data not shown).

The titer of gutted viral particles produced after cotransfec-
tion was invariably higher with C7 cells than with 293 cells (Fig.
3A). Using 40 or 200 ng of helper virus DNA, the titer of
gutted viral particles produced in 293 cells was below the limit
of detection (about 100 particles per ml); however, C7 cells
produced 5 X 10% and 2 X 10* particles per ml with 40 or 200
ng of helper, respectively. Using 1 pg of helper DNA, 293 cells
produced 1.6 X 10° particles per ml; C7 cells produced 1.1 X
10* particles per ml, a sevenfold increase. In addition, we
found that helper virus titers after lysis were comparable in the
two cell types. The ratio of gutted to helper virions was there-
fore also improved by the use of C7 cells (Fig. 3A).

To verify that the higher titer of gutted virus produced in C7
cells would be maintained during serial passage, lysates pro-
duced with 1 g of helper viral DNA were diluted at a ratio of
1:10 onto fresh plates of 293 cells. These cells were allowed to
lyse and were titered for the presence of gutted and helper
virions. We found that the secondary lysate derived from a
transfected plate of C7 cells maintained at least a sixfold ad-
vantage in both the number and proportion of gutted virions
compared to the secondary lysate derived from a transfected
plate of 293 cells (data not shown).

The accumulation of linear viral DNA in transfected plates
was also examined after lysis (Fig. 3B). DNA extracted from 50
pl of lysate was examined by Southern analysis by using as
probe a fragment of the Ad packaging signal at the left end of
the genome. In lysed 293 cells, the amount of gutted viral DNA
was below the level of detection. In contrast, linear gutted viral
DNA was easily detected after cotransfection of C7 cells with
200 ng or 1 pg of helper DNA. These data indicate that C7
cells had more efficiently converted the transfected gutted viral

FIG. 1. Infectivity of circular Ad genomes in low-passage (LP) 293 and C7 cells. (A) Qualitative comparison. Plates of low-passage 293 (left) or C7 (right) cells were
transfected with 8.8 wg of pFG140 or pAd5Bdys. The top set of two plates shows neutral red staining of pFG140-transfected plates 6 days after overlay. The middle
set of two plates shows neutral red staining of pFG140-transfected plates 9 days after overlay. The bottom set of two fields shows X-Gal (5-bromo-4-chloro-3-indolyl-
B-D-galactopyranoside) staining of pAd5Bdys-transfected plates 3 days after transfection. The numbers of blue cells per unit of area are not significantly different in
either cell line. (B) Quantitative comparison. Plates of low-passage 293 (n = 8) or C7 (n = 8) cells were transfected with 2.5 wg of pFG140 and stained 6 days after
overlay. The graph shows the average total number of visible plaques per plate at 6 days, error bars represent the standard error of the mean, and the asterisk represents

statistical significance according to the paired-samples ¢ test.
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FIG. 2. Fold stimulation of plaquing efficiency in C7 cells by physical state of
the Ad genome. Plates of low-passage 293 and C7 cells were transfected with the
indicated form of viral DNA or infected with intact virus, overlaid, and stained
with neutral red after formation of plaques. Fold stimulation in C7 cells was then
calculated as the number of plaques observed on a plate of C7 cells divided by
the number of plaques observed on an equivalently treated plate of 293 cells.
From left to right, the bars represent transfection with pFG140; transfection with
linear, deproteinized hpAP DNA extracted from virions; transfection with ter-
minal protein (TP)-DNA complex; and infection with hpAP virus. Bars represent
average fold stimulation observed over all experiments (n = 3), error bars
represent the standard error of the mean, and asterisks indicate that mean fold
stimulation is significantly different from 1. In typical experiments, we observed
an average of 8 versus 227 plaques with linear viral DNA, 13 versus 45 plaques
with TP-DNA, and 8 versus 7 plaques with intact virus.

substrate to a linear replicating form. Note that the ratio of
gutted to helper viral DNA is much higher than the ratio of
gutted to helper virions; the reason for this finding is not clear.

Cotransfection of pTP or Ad polymerase expression plas-
mids. Preterminal protein and Ad DNA polymerase bind to
each other and function as a complex in the initiation of Ad
DNA replication (22, 38). We hypothesized that the increased
infectivity of pFG140 in C7 cells was due to the presence of
both polymerase and preterminal protein in the cells, probably
acting as a complex. To test this idea, we first tested the B6 cell
line to see whether these cells, stably expressing Ad polymer-
ase but not pTP, would plaque pFG140 with increased effi-
ciency (2). We observed a modest, twofold increase in plaquing
efficiency that was not statistically significant (data not shown).
This result suggested that Ad DNA polymerase alone was not
sufficient to increase the efficiency of plaque formation from
supercoiled pFG140. The reciprocal experiment could not be
performed for pTP since we were not able to isolate a cell line
that stably expressed only preterminal protein; the deleterious
effect of pTP on cell growth has been noted previously (36).

We next performed cotransfections of pFG140 with Ad
DNA polymerase, pTP, or both into 293, B6, and C7 cells (Fig.
4 and data not shown). Cotransfection of a plasmid expressing
Ad DNA polymerase with pFG140 resulted in a striking inhi-
bition of plaque formation in all cell lines. The fact that this
phenomenon was observed in B6 and C7 cells, which both
express some Ad DNA polymerase, suggests that high levels of
Ad DNA polymerase, in the absence of correspondingly high
levels of pTP, are detrimental to the conversion of transfected
plasmid into replicating DNA.

Cotransfection of a plasmid expressing preterminal protein
resulted in a 2.8-fold inhibition of plaque formation in 293 cells
(Fig. 4A). This result suggested that pTP alone is not sufficient
to cause the enhancement of plaquing efficiency observed in
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C7 cells. Cotransfection of pFG140 with a plasmid expressing
pTP into the B6 cell line, by contrast, produced a statistically
significant, sevenfold increase in the number of plaques ob-
served (Fig. 4B). The effect of pTP cotransfection is therefore
quite different depending on the presence or absence of stably
expressed Ad DNA polymerase. This observation suggests that
there is direct or indirect interaction between the two proteins
and that they may cooperate to produce the effects observed in
C7 cells.

Cotransfection of pFG140 with both pTP and Ad polymer-
ase expression plasmids also yielded evidence for interaction
between the two proteins. Cotransfection of equal weights of
pFG140, pTP, and Ad-Pol plasmids into 293 cells resulted in
numbers of plaques that were not significantly different from
those observed after transfection with pFG140 and pBluescript
(Fig. 4A). This result stands in contrast to cotransfection of
pFG140 with either the pTP or the Ad polymerase expression
plasmids individually, where a significant inhibition of plaquing
efficiency was observed. If the two proteins acted indepen-
dently of each other, then one would expect an additive de-
crease in plaquing efficiency when both plasmids were cotrans-
fected; instead, no decrease was observed. Thus, the inhibitory
effect of either protein is relieved by cotransfection with the
other. While cotransfection of the polymerase and pTP plas-
mids into 293 cells was able to overcome the inhibitory effect of
either alone, a stimulation of plaque formation similar to that
in C7 cells was not observed (Fig. 4). Given the potent inhib-
itory activity of excess Ad polymerase, we hypothesized that a
slight excess of Ad polymerase over pTP might mask the po-
tent stimulatory effect of pTP-Pol complex. To test this possi-
bility, we repeated the experiment with smaller ratios of poly-
merase to pTP plasmids. Under these conditions, a modest
increase in the infectivity of pFG140 was observed, though the
result was not statistically significant (Fig. 4A).

At low concentrations of pTP-Pol complex, the NF-I DNA
binding domain has also been shown to enhance initiation of
Ad replication by up to 50-fold (25). To test whether the
addition of higher levels of NF-I DNA binding domain to cells
might stimulate the replication of suboptimal Ad templates, we
created stable cell lines expressing the NF-I DNA binding
domain and tested them for improved plaquing efficiency of
pFG140. No large effect was observed in any of these cell lines
(data not shown).

The low infectivity of naked Ad DNA, relative to that of
other well-studied DNA viruses, was first recognized over 20
years ago (37). One reason for the reduced infectivity was
identified with the observation that terminal protein-DNA
complex is 100-fold more infective than protease-treated DNA
(37). Other determinants of the efficiency of initiation of DNA
replication, including DNA sequences and cellular replication
factors, have been studied in cell-free systems (7, 14, 15, 18, 19,
23, 25, 26, 35, 39, 41). It is now clear that at least part of the
reason for the low infectivity of naked Ad DNA is inefficient
initiation of DNA replication. This problem also occurs with
cloned Ad DNA, which not only lacks terminal protein but also
suffers from imperfections in origin sequence and/or structure
(13, 15, 39).

The low infectivity of cloned Ad DNA limits the efficiency of
some artificial systems for manipulation of Ad. For example,
creation of recombinant Ad from plasmids by cotransfection
and recombination in 293 cells, while simple in principle, is
frustratingly inefficient (4, 24). In this scheme an unpackage-
able parent virus, in the form of plasmid DNA with fused ITRs,
is cotransfected with a left end shuttle plasmid. If, as suggested
by McGrory et al. (24), recombination occurs after a few
rounds of replication of the parent virus, then recombination
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FIG. 3. Production of gutted virus particles and DNA after cotransfection into low-passage (LP) 293 or C7 cells. Cells were cotransfected with 8 pg of pGERdys
gutted viral plasmid and 1 g, 200 ng, or 40 ng of hpAP helper viral DNA. Resulting virus was harvested after lysis or, in the case of one unlysed sample, after 2 weeks.
(A) Titer of gutted virus produced after lysis of cotransfected plates. Black bars show the titer of gutted virus, in blue-forming units per milliliter (bfu/ml). These results

may be converted to blue-forming units per infected cell by dividing by about 2

X 10°, the approximate number of cells in a 6-cm plate. Grey bars show the ratio of

gutted titer to helper titer, where the latter is determined by titering lysates for alkaline phosphatase transducing units. (B) Southern analysis of viral DNA produced
after cotransfection. DNA was extracted from a small amount of lysate, digested with HindlIII, and analyzed by Southern blotting with a probe that overlaps the Ad
packaging signal. The left end of the helper virus is the dark 6.6-kb band near the top of the panel shown; the left end of the gutted virus is the 3.4-kb band near the

bottom of the panel.

efficiency could be improved by increasing the number of cells
in which replication of the parent occurs. Even when Ad DNA
fragments, incapable of independent replication, are used to
produce recombinant virus, C7 cells should facilitate replica-
tion of successfully recombined genomes. We have in fact

observed that production of recombinant Ad is facilitated by
use of C7 cells (unpublished results).

Production of gutted Ad from cloned DNA is similarly in-
efficient. Even when many micrograms of plasmid-derived gut-
ted vector DNA are introduced with a few hundred nanograms
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FIG. 4. Cotransfection of pTP- or Ad polymerase-expressing plasmids show-
ing the effect on infectivity of pFG140 in various cell lines. Plates of low-passage
(LP) 293 (A) or B6 (B) cells were cotransfected with 3 pg of pFG140 and various
amounts of pBSKSII+ (pBS), pRSV-Pol, or pRSV-pTP. Plates were then over-
laid with agarose and, after formation of plaques, stained with neutral red. Fold
stimulation was then calculated as the number of plaques observed after cotrans-
fection of pFG140 with a test plasmid divided by the number of plaques observed
after cotransfection of pFG140 with pBS into the same cell line. The lefthand
scale indicates average fold stimulation. The righthand scale indicates a calcu-
lated estimate of the total increase in infectivity obtained by the combined effect
of the cotransfected test plasmid and use of the indicated cell line. The first bar
in each set represents the control value of 1. The second bar in each set repre-
sents the average effect of adding 3 pg of pRSV-Pol, instead of 3 g of pBS, to
the transfection mixture. The third bar represents the average effect of 3 wg of
pRSV-pTP. The fourth bar in each set shows the effect of cotransfecting 3 pg of
pRSV-Pol and 3 pg of pRSV-pTP with 3 pg of pFG140. In panel A, the fifth and
sixth bars show the effect of cotransfecting 1.5 or 0.75 wg of pRSV-Pol, respec-
tively, together with 3 pg each of pFG140 and pRSV-pTP. Note that in all cases
a total of 9 pg of DNA was transfected into a 6-cm plate. Error bars represent
the standard error of the mean, and asterisks indicate that mean fold stimulation
is significantly different from 1.

of helper virus DNA, very few gutted viral particles are pro-
duced (reference 21 and unpublished observations). This low
yield presumably occurs because initiation of replication on
plasmid-derived gutted viral genomes does not always occur
efficiently after infection of the cell with a helper virus particle.
Some evidence for this effect may be discerned in the obser-
vation that linearization of the gutted viral plasmid increases
the yield of gutted virus after cotransfection with helper DNA
(11). Linearization likely increases the efficiency of replication
initiation on gutted viral templates, which leads to replication
of gutted viral genomes in a higher proportion of cells infected
by helper.

J. VIROL.

Despite our understanding of the mechanism of initiation of
Ad DNA replication, techniques to facilitate vector manipula-
tion by increasing replication have not been described. Here
we report that C7 cells, which stably coexpress Ad DNA poly-
merase and preterminal protein, plaque circular or deprotein-
ized Ad genomes with higher efficiency than do low-passage
293 cells. These results confirm that such templates exhibit
reduced infectivity at least in part due to reduced affinity for
replication factors and show that the deficiency can be partially
overcome by provision of higher levels of these factors. Addi-
tion of NF-I, a cellular factor known to facilitate the interac-
tion of pTP-Pol with the Ad origin, was not similarly effective.

We found that increased infectivity of suboptimal Ad ge-
nomes was sensitive to the ratio between preterminal protein
and DNA polymerase, as might be expected if the active factor
is a complex between the two proteins. Provision of excess Ad
DNA polymerase alone was strongly inhibitory to plaque for-
mation in all cell lines tested. We hypothesize that excess
polymerase blocks the recruitment of pTP-Pol complex to the
Ad origin. Since NF-I is known to assist in the recruitment of
pTP-Pol complex through an interaction with Ad polymerase,
rather than preterminal protein, available NF-I binding sites
for pTP-Pol complex could be occupied by solitary polymerase
molecules (5, 8). These molecules are unable to initiate DNA
replication in the absence of the appropriate primer, pTP.
Alternatively, large amounts of newly synthesized polymerase
might be improperly phosphorylated and incapable of proper-
ly initiating DNA replication (30-32). Provision of excess
pTP alone also slightly decreased the plaquing efficiency of
pFG140. Addition of both molecules together reversed these
negative effects and provided a small increase in infectivity,
which was not statistically significant. The dramatic increase in
plaquing efficiency observed in C7 cells could not be repro-
duced by transient transfection of both pTP and Ad polymer-
ase expression plasmids into 293 cells. Large increases in
plaquing efficiency were observed only in cells that stably
expressed Ad-Pol and that were either transiently or stably
transfected with pTP.

We also used the C7 cell line to test whether inefficient
replication of gutted viral templates contributes to the poor
yield of gutted virus obtained after cotransfection of gutted
viral and helper viral DNA. Production of gutted virus was
improved about 10-fold by use of C7 cells for cotransfection
(Fig. 3). We find that the use of C7 cells for cotransfection
invariably provides increased yields and more consistent re-
sults relative to low-passage 293 cells (unpublished results).
We have not observed any dramatic advantage in the use of C7
cells for subsequent passage and expansion of gutted virus
preparations. This result is consistent with our observation that
C7 cells do not provide greatly increased plaquing efficiency for
adenoviral templates covalently bound to pTP, such as those
delivered to cells by infection during serial passage.

Finally, we observed higher levels of replicating, linear gut-
ted viral DNA after cotransfection into C7 cells. This result
indicates that the higher infectivity of pFG140 translates into
more efficient initiation of DNA replication on gutted viral
templates with similar conformations at the origin. Although
all of the studies reported here were performed by using cir-
cular gutted plasmids with fused ITRs, we presume that the
higher infectivity of deproteinized viral DNA demonstrated in
Fig. 2 and 3B should also translate into higher yields of linear-
ized gutted viruses derived from plasmids. Since linearized
gutted plasmids have been shown to give higher titers of gutted
virus than do circular plasmids, transfection of linearized gut-
ted viruses into C7 cells should allow further improvement in
the starting titer (11).
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The use of C7 or similar cells, together with strategies that
select against packaging of the helper virus, should allow rou-
tine production of high-titer gutted virus stocks and more
widespread adoption of the technology.
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