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In lepidopteran insect cells infected with the baculovirus Auto-
grapha calfomnica nuclear polyhedrosis virus (AcNPV), two
major late viral gene products are expressed: the polyhedrin,
a 28 000 mol. wt. protein which makes up the mass of the
nuclear inclusion bodies, and a 10 000 mol. wt. protein (plO)
whose function is unknown. The nucleotide sequences of these
strong promoters conform to those of other eukaryotic pro-
moters and are rich in AT base pairs. We used the pSVO-
CAT construct containing the prokaryotic gene chloram-
phenicol acetyl transferase (CAT) to study the function of the
plO gene promoter in insect and mammalian cells. Upon
transfection of the pAcplO-CAT construct, which contained
402 bp of the plO gene of AcNPV DNA in the HindI site
of pSVO-CAT, CAT activity was determined. The plO gene
promoter was inactive in human HeLa cells and in uninfected
Spodoptera frugiperda insect cells. The same promoter was
active, however, in AcNPV-infected S. frugiperda cells and
exhibited optimal activity when cells were transfected 18 h
after infection with the insect virus. This finding demonstrated
directly that the plO gene promoter required other viral gene
products for its activity in insect cells. The nature of these
products was unknown. The plO gene promoter sequence con-
tained one 5'-CCGG-3' site 40 bp upstream from the cap site
of the gene and two such sites 178 and 192 bp downstream
from the ATG initiation codon of the gene. Since Drosophila
DNA or S. frugipenla DNA contained no 5-methylcytosine or
extremely small amounts of it, we were interested in deter-
mining the effect of site-specific methylations on the plO gene
insect virus promoter. Methylation at the 5'-CCGG-3' sites
led to a block of this promoter. These data showed that an
AcNPV insect virus promoter could be rendered sensitive to
site-specific methylations in S. Jiugiperda insect cells, albeit
the DNA of these cells did not contain significant amounts
of 5-mC.
Key words: baculovirus/insect virus promoter/site-specific pro-
moter methylation/activation of late viral promoter/DNA trans-
fection/CAT assay

Introduction
The insect baculovirus Autographa californica nuclear poly-
hedrosis virus (AcNPV) is a lepidopteran DNA virus with a

double-stranded, supercoiled circular genome of some 126 - 129
kbp (Lubbert et al., 1981; Cochran et al., 1982). Two viral genes
which are expressed abundantly late after AcNPV infection of
insect cells (Adang and Miller, 1982; Smith et al., 1982, 1983;
Rohel et al., 1983; Rohel and Faulkner, 1984; Lubbert and
Doerfier, 1984b), have very strong promoters. One of the late

( IRL Press Limited, Oxford, England.

genes encodes the polyhedrin polypeptide, the major constituent
of the nuclear inclusion bodies (Vlak et al., 1981), the other late
gene encodes a 10 000 dalton protein (plO) of unknown func-
tion (Smith et al., 1983; Rohel et al., 1983; Lubbert and Doer-
fler, 1984b; Kuzio et al., 1984). The nucleotide sequences of
both promoters are rich in adenine and thymine (AT) nucleotides
(Hooft van Iddekinge etal., 1983; Lubbert and Doerfler, 1984b;
Kuzio et al., 1984).
The methylated nucleotide 5-methylcytidine (5-mC) in specific

promoter sequences of eukaryotic genes can cause the long-term
inactivation of these genes (Doerfler, 1983, 1984a, 1984b; Riggs
and Jones, 1983; Taylor, 1984; Doerfler et al., 1984). The pro-
moters of viral (Kruczek and Doerfler, 1983; Simon et al., 1983;
Langner et al., 1984) and non-viral (Busslinger et al., 1983) genes
were inactivated by the in vitro methylation of certain specific
nucleotide sequences, e.g., of 5'-CCGG-3' sequences. Methyla-
tions of the bodies of these genes at 5'-CCGG-3' sequences.
however, in general had no effect on gene expression (Bussl-
inger et al., 1983; Kruczek and Doerfler, 1983; Langner et al.,
1984). Adenovirus promoters were shown to be inactivated by
in vitro methylation both after transfection into mammalian cells
(Kruczek and Doerfler, 1983; Langner et al., 1985) and after
microinjection into Xenopus laevis oocytes (Langner et al., 1984).
The E2A gene of human adenovirus type 2 was not inactivated
when its 5'-GGCC-3' sequences were methylated (Vardimon et
al., 1982).

It is still unclear to what extent 5-mC could play a similar
regulatory role in the gene expression of non-vertebrate eukary-
otes, e.g., in insects. Most attempts to find 5-mC in Drosophila
DNA (Smith et al., 1982; Eick et al., 1983) or in the DNA of
Spodoptera frugiperda insect cells (T.Miiller and W.Doerfler,
unpublished results) have failed, but 5-mC has been reported to
occur in Drosophila DNA in exceedingly small quantities
(Achwal et al., 1984). We have been interested to determine
whether the promoter of the late AcNPV plO gene is sensitive
to sequence-specific DNA methylations.
We have previously used the chloramphenicol acetyl transfer-

ase (CAT) gene in the pSVO-CAT construct (Gorman et al.,
1982) to test the activities of viral promoters in the methylated
or unmethylated state (Kruczek and Doerfler, 1983; Langner et
al., 1984, 1985). The promoter sequence of the plO gene of
AcNPV was now inserted into the HindIl site in front of the
CAT gene in the pSVO-CAT construct. Activation of the plO
gene promoter in the pSVO-CAT construct required the presence
of other viral gene products in AcNPV-infected insect cells. Fur-
thermore, the activity of the plO gene promoter was severely
affected when the 5'-CCGG-3' site in this promoter was meth-
ylated. These data demonstrate that methylation of specific pro-
moter sequences in an insect virus can affect gene activity in insect
cells, although 5-mC is not abundant in the DNA of these cells.

Results
Experimental design and purpose of experiments
The functional requirements of the strong promoter of the late
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Fig. 1. The pAcplO-CAT construct. The promoter of the plO gene of AcNPV (Lubbert and Doerfler, 1984b) was inserted into the Hindlll site of the pSVO-
CAT construct using Hindu linkers (Gorman et al., 1982). (a) Construction plan. Maps of the EcoRI-Q fragment of the AcNPV genome (top left), and of
the pSVO-CAT plasmid DNA were presented. Part of the promoter sequence with the only 5'-CCGG-3' (HpaIl) site and the cap site (AAAL ) were shown.
Part of the coding sequence of the plO gene (ATG, HpaI sites) is shown. Part of the promoter nucleotide sequence was reconfirmed using conventional
methods for sequence determination (Maxam and Gilbert, 1977, 1980). (b) Restriction map of the construct. Strategic restriction sites for mapping and
sequencing were indicated. The DNA was cut with restriction endonucleases as indicated, and fragments were separated by electrophoresis on a 1.5% agarose
gel and visualized by photography using a u.v. illuminator and a Polaroid MP4 Land camera.

plO gene ofAcNPV DNA in insect cells were studied. The pro-
moter was inserted by standard procedures into the pSVO-CAT
construct (Gorman et al., 1982). Promoter activities were tested
in mammalian, as well as in uninfected and AcNPV-infected
insect cells. Since the plO gene was abundantly expressed late
in AcNPV-infected cells, it was expected that other viral func-
tions were required for its expression. Moreover, the presence
of only one 5'-CCGG-3' site 40 nucleotides upstream from the
cap site permitted us to determine the effect of site-specific DNA
methylation on promoter activity in insect cells. There were two
additional 5'-CCGG-3' sites 178 and 192 bp downstream from
the ATG initiation codon of the plO gene. Studies on the effects
of site-specific DNA methylations on an AcNPV promoter in
an insect cell system were of particular interest, since it was still
questionable whether insect DNA contained 5-mC.
Characteristics of the pAcpl0-CAT construct
The promoter insert in the pAcplO-CAT construct was analyzed
both by restriction cleavage and by sequence determination (Liib-
bert and Doerfler, 1984b). The scheme in Figure la outlines the
origin and some of the structural features of this construct. The
HgaI subfragment from the XhoI-Hindl fragment in the EcoRl-
Q segment of AcNPV DNA (Figure la) was cloned into the
Hindl site of pSVO-CAT with Hindm linkers. The results of

the restriction analyses (Figure lb) and nucleotide sequence deter-
minations (Figure la) established the schemes shown in Figure
la. The sequence shown (Lubbert and Doerfler, 1984b) was
reconfirmed for part of the promoter in the pAcplO-CAT con-
struct by nucleotide sequence determination both from the proxi-
mal and distal ends of the promoter insert. A total of 290 and
150 nucleotides was determined, respectively.
Transfection ofthe pAcpl0-CAT construct into mammalian and
insect cells
The pAcplO-CAT construct was inactive after transfection into
human HeLa cells or into uninfected S. frugiperda insect cells
(Figures 2, 3). However, the pAcplO-CAT gene construct was
expressed in S. frugiperda insect cells when they had been
infected with AcNPV prior to transfection. The scheme presented
in Figure 2a describes the design of experiments in which S.
frugiperda cells were infected with AcNPV at a multiplicity of
10 p.f.u./cell and were subsequently transfected with 20 yg of
pAcplO-CAT DNA at 1, 6, 12 and 18 h after infection. An
uninfected culture was also transfected. As a negative control,
AcNPV-infected cells were transfected with pSVO-CAT DNA
at 18 h after infection. At 45 h after the last (18 h p.i.) trans-
fection experiment, all cultures were harvested, cell extracts were
prepared and assayed for CAT activity. The results obtained
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Fig. 2. Design of transfection experiments. Transfection of AcNPV-infected
S. frugiperda insect cells with the pAcplO-CAT construct. The experimental
design (a) and the results of a series of experiments (b) were shown in
which AcNPV-infected S. frugiperda cells were transfected at different times
after infection. Most of the experimental details were described in the text.
The results of the transfection experiment with pSVO-CAT in S. frugiperda
cells 18 h after infection with AcNPV were also presented. Part (c) depicted
the time curve of a typical CAT reaction.

(Figures 2b, 3) were quantitated by assessing the 14C activities
in acetylated forms of chloramphenicol which were separated by
t.l.c. (Materials and methods). The results were plotted as per-

cent values of 14C-labeled chloramphenicol converted to acetyl-
ated forms. In control experiments, 14C-labeled chloramphenicol
was incubated with purified CAT which converted -97% of the
chloramphenicol added to acetylated forms (Figures 3, 4, Table
I). A 60 min incubation period was chosen for the CAT assay,

since this time was in the linear range of the reaction (Figure
2c). When the time after infection, at which cells were trans-
fected, was extended beyond 18 h, the yields of acetylated chlor-
amphenicol started to decrease. The results presented for the 1,
6 and 12 h time points (Figure 2b) did not change significantly
when the cells were harvested 24 h after the actual transfection
for each time point. For all subsequent experiments, AcNPV-
infected S. frugiperda insect cells were transfected at 18 h after
infection. The data presented indicated that early and/or late viral
gene functions were required to activate the p1O gene promoter.
This transfection system might offer a tool to investigate the
nature of these supplementary functions. The p1O gene promoter
was inactive in uninfected insect cells or in mammlian cells.

Methylation ofS'-CCGG-3' sites in thep0 gene promoter affects
the activity of the pAcplJ-CAT construct in infected insect cells
The in vitro methylation of the 5'-CCGG-3' site located 40
nucleotides upstream from the cap site of the plO gene promoter
in the pAcplO-CAT construct leads to the inactivation or a very
marked decrease in the activity of this promoter in AcNPV-
infected S. frugiperda cells (Figure 4, Table I). The insert in the
pAcplO-CAT construct also contained two additional 5'-CCGG-
3' sites which were located 178 bp and 192 bp downstream from
the ATG initiation codon inside the plO gene. Methylation of
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Fig. 3. The pAcplO-CAT construct is expressed in AcNPV-infected cells,
but not in uninfected insect cells or human HeLa cells. S. frugiperda cells

were infected with AcNPV as described. At time periods after infection as

indicated, the cells were transfected with the pAcplO-CAT construct. At
45 h after the 18 h infection experiments, extracts of cells were prepared
and incubated with 14C-labeled chloramphenicol (CAM). CAM and its
acetylation products were separated by chromatography on silica gel plates
and visualized by autoradiography. The quantitation of the data shown here
has been presented in part in Figure 2b. The results of a CAT enzyme
control, in which commercial enzyme was used, and the results of
experiments with extracts from non-transfected cells or with AcNPV-infected
S. fnugiperda cells transfected with the pSVO-CAT construct were shown,
as well as the results of an experiment in which human HeLa cells were

transfected with pAcplO-CAT.
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Fig. 4. Inactivation of the pAcplO-CAT construct by methylation of the
5'-CCGG-3' site in the promoter of the plO gene construct. Experimental
details have been described in the text. An autoradiogram of a silica gel
chromatogram has been shown. The quantitation of the data presented here
was also included in Table I (experiment 6).

these sites might contribute to the shut-off of the plO gene pro-
moter, although this possibility has not been tested yet. There

was some variation in the extent to which the activity of the

pAcplO-CAT construct was decreased by methylation of the
5'-CCGG-3' sites (Table I). Nevertheless, it was clear that in

AcNPV-infected S. frugiperda insect cells the activity of the

baculovirus promoter of the plO gene was sensitive to site-specific
DNA methylation. It was also shown that the activity of the

pAcplO-CAT construct was not affected by mock-methylations
(Table I).
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Table I. Transfection of unmethylated, mock-methylated or methylated
pAcplO-CAT in S. frugiperda cellsa

Experiment no. 1 2 3 4 5 6

Extracts from - 0.01% 0.02% 0.1% 0.13% 0.09%
AcNPV-infected
S. frugiperda cells

CAT enzyme 97% 97% 98.7% 96.8% 93.2% 97%
control

AcNPV-infected 0.12% 0.04%
cells transfected
with: pSVO-CAT

pAcplO-CAT 36.9% 19.3%

pAcplO-CAT, 0.27% 9.4%
5'-CCGG-3'
methylated
pAcplO-CAT
(mock-methylated)

1 2
bp

0.03% 0.08% 0.04% 0.02%

3 4 5 6 7
bp am bp

- M-2767
2469-a _ -23

134&- _

1145-_

34.5% 15.1% 79.8% 87%
10.2% 9.3% 10.4% 4.3%

- - - 23.8% - 79.1%

837-0w'
670-
610-

396-
341-
258-

864--

222-

8 9 10
-4 bp

1..

11 _-2061

-523
_1 -408/404

-292
-242
190

aThe data presented in Figure 4 and results of similar experiments were
quantitated as described in the text. Percent values listed in the Table refer
to the portions of 14C-labeled CAM converted to the acetylated forms. The
results in experiment 6 are those shown in Figure 4. Experiments 1-5
describe similar experiments which were performed to test the
reproducibility of the system. The mock-methylated construct was incubated
with HpaII DNA methyltransferase in the absence of SAM to demonstrate
that this treatment did not affect the activity of this construct.

Methylations of 5'-CCGG-3' sites in the 3'-located main parts
of genes do not have noticeable effects on gene expression, as
documented for the pSV2-CAT construct in mammalian cells
(Kruczek and Doerfier, 1983) and for the E2A gene of adeno-
virus type 2 DNA in amphibian cells (Langner et al., 1984). In
vitro methylations of 5'-CCGG-3' sites which are located
upstream from the TATA signal in adenovirus promoters led to
the shut-off of these promoters. We have not yet independently
assessed whether methylation exclusively of the promoter part
of the gene causes gene inactivation in insect cells.

Control experiments: complete in vitro methylation, absence of
demethylation, of integration or of replication of construct
A number of important control experiments were performed.

(i) It was necessary to ascertain that in the pAcplO-CAT con-
struct methylated in vitro all 5'-CCGG-3' sites were completely
methylated and that only completely methylated DNA was used
in these experiments. As described previously (Kruczek and
Doerfler, 1983), the methylated DNA was cut with Hpai or
MspI, the fragments were separated by electrophoresis on 1.2%
agarose gels, transferred to nitrocellulose filters (Southern, 1975)
and hybridized with 32P-labeled pAcplO-CAT DNA. Complete
methylation of all S'-CCGG-3' sites in the construct was shown
by sensitivity of the DNA to MspI and refractoriness to Hpai
(data not shown, cf. Figure 5, lanes 8,9). The in vitro methylated
pAcplO-CAT DNA was also resistant to HpaII cleavage, when
the construct was previously cut with EcoRI. Thus, resistance
to HpaH cleavage could not have been due to structural constraints
on the plasmid.
We could also show that the pAcplO-CAT construct in the total

nuclear DNA re-extracted from S. frugiperda insect cells 48 h
after transfection had remained refractory to Hpai and sensitive
to MspI cleavage as was apparent from blot hybridization exper-
iments (Figure 5, lanes 8-10). Thus, there was no evidence that
during the 48 h period of the transfection experiment, the in vitro
methylated pAcplO-CAT construct had become demethylated.
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Fig. 5. The pAcplO-CAT construct DNA, which was transfected into
AcNPV-infected S. frugiperda insect cells was not demethylated or
integrated, nor did it replicate. The intranuclear DNA from AcNPV-infected
and subsequently pAcplO-CAT transfected S. frugiperda insect cells
(designated as 'cellular DNA' below) was isolated 48 h after transfection
and cleaved with various restriction endonucleases. As internal controls,
pAcplO-CAT plasmid DNA was cut with the same enzymes. Fragments
were separated on 1.5% agarose gels, transferred to nitrocellulose filters and
hybridized to pAcplO-CAT which was 32P-labeled by nick-translation.
Autoradiograms of the filters after hybridization were presented. Fragment
sizes in base pairs were indicated. pAcplO-CAT construct DNA cut with
DpnI (1), AvaH (4), uncut (6), EcoRl (7), or HpaII (10). 'Cellular DNA'
(see above) cut with MboI (2), AvalI (3), EcoRI (5), MspI (8) or Hpai (9).

(ii) The same experiment and a similar analysis, in which the
intracellular DNA extracted from S. frugiperda insect cells 48 h
after transfection with pAcplO-CAT DNA was cleaved with
EcoRI (Figure 5, lanes 5 and 7) or Avai (Figure 5, lanes 3 and
4), failed to provide evidence for integration of the construct DNA
into insect cell DNA at specific sites. All pAcplO-CAT fragments
from cellular DNA co-migrated with those from marker con-
struct DNA which had not been transfected but had been cut with
the same enzymes and had been co-electrophoresed on the same
gel. Hence, there was no reason to assume that the transfected
CAT gene could have come under the control of an insect cell
promoter.

(iii) Lastly, we could rule out the possibility that the pAcplO-
CAT construct had replicated in S. frugiperda insect cells after
transfection. The construct had originally been propagated on
an adenine methylation-proficient (dam+) Escherichia coli strain,
hence all 5'-GATC-3' sequences were adenine methylated. Had
the construct replicated in S. frugiperda cells during the time of
the experiment, the construct DNA would have become unmeth-
ylated, and hence refractory to the restriction endonuclease DpnI
which cuts only the sequence 5'-GmATC-3' (Lacks and Green-
berg, 1975). DNA extracted from S. frugiperda cells 48 h after
the transfection with the pAcplO-CAT construct contained this
construct in a MboI-resistant form as shown by blot hybridiz-
ation (Figure 5, lane 2). Thus, the 5'-GmACT-3' sites had not
become demethylated, i.e., the construct DNA had not replicated
in the insect host cell. We concluded that, within a 48 h period,
the transfected pAcplO-CAT construct was not demethylated, in-
tegrated at specific sites or replicated in S. firugiperda insect cells.
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Discussion
The baculovirus AcNPV, at the molecular level one of the best
studied DNA insect viruses, is well suited to investigate details
of the mechanisms involved in the expression of the viral genome
in a non-vertebrate host. The viral RNA produced in productively
infected cells is probably not spliced (Lubbert and Doerfler,
1984a), and overlapping, nested sets of RNAs with common 3'
or 5' termini are generated in various parts of the genome (Lub-
bert and Doerfler, 1984b). In the present study, we have started
to elucidate functional properties of the plO gene promoter which
governs the expression of one of the major late gene products
of AcNPV in productively infected insect cells.

This viral promoter contains -70% AT base pairs and re-
quires for its activity - at least after transfection into insect cells
in the pAcplO-CAT construct - the presence of one or several
other viral gene products. It is presently unknown whether these
AcNPV products are acting directly on the plO gene promoter
or indirectly via the mediation of cellular gene products. In any
event, the experimental system described here may offer a suitable
tool to investigate the nature and genomic location of these
additional viral functions.

Site-specific DNA methylation as a modulator of gene activity
has been considered a phylogenetically late addition to the reper-
toire of mechanisms regulating the expression of genes in higher
eukaryotes, such as vertebrates. The available evidence indicates
that the introduction of methyl groups at specific promoter and
5' sequences serves to inactivate a gene for a long time, perhaps
permanently (for reviews, cf. Doerfler, 1983, 1984a, 1984b).
It is questionable whether 5-mC would play a similarly promi-
nent regulatory role in Drosophila whose DNA may contain
5-mC in exceedingly small amounts (Achwal et al., 1984), if
at all. Similarly, we have shown that the DNA of S. frugiperda
host cells used in this study did not contain amounts of 5-mC
or N6-mA detectable by reverse-phase h.p.l.c. (T.Muller and
W.Doerfler, unpublished data). It was, therefore, of considerable
interest to investigate whether methylation of the 5'-CCGG-3'
site in the promoter sequence of a late AcNPV gene would lead
to the inactivation of this promoter in insect cells. The possibili-
ty of elucidating that problem by using the pAcplO-CAT con-
struct prompted the series of experiments reported here. The
results described imply that 5-mC is recognized as a regulatory
signal even in insect cells. The results do not prove that the same
signal does in fact play a regulatory role in arthropods, but our
data attest to the concept that 5-mC can be generally recognized
in the regulation of eukaryotic genes.
The juxtaposition of results on the activation of the pO gene

promoter in AcNPV-infected insect cells by specific viral func-
tions, and on the inactivation of this promoter by site-specific
methylation was not necessarily meant to imply that the two
events were mechanistically linked, although this possibility could
not be ruled out. It was rather that we had to devise a system
in which the inactivation of a previously active promoter could
be demonstrated, hence a system had to be sought in which the
plO promoter was actually expressing.

It is unknown whether methylation of one 5'-CCGG-3' site
at a location 40 bp upstream from the cap site of the plO gene
was sufficient for gene inactivation or whether the two sites down-
stream from the ATG initiation codon would also play a role.
There is evidence that the methylation of 5'-CCGG-3' sites in
the 3'- and coding regions of eukaryotic genes have no effect
on gene activity, at least in mammalian cells (Kruczek and Doer-
fler, 1983; Langner et al., 1985). The scheme shown in Figure 6
summarizes in vitro methylation data gleaned from the adeno-

Ad 12 EA 124.133
Ad12K 137 -

-cap S"

Dd2 E2A 215 523+
AcNPVplD 40 AG 178 192 +

r-pbMM -7OD CoGb

Fig. 6. Summary of experimental results on specific promoter methylations.
The promoter regions of various viral genes and of the y-globin genes are
presented schematically. Some of the important features of promoters have
been indicated. The numbers refer to the distances in nucleotides for
individual 5'-CCGG-3' sequences from the TATA signal, the cap site, or
the ATG initiation codon as indicated for individual promoters. These
5'-CCGG-3' sites had been in vitro methylated. In the 'y-globin gene many
cytidine residues were methylated. 'Inhibitory effect + or -' indicates
whether such in vitro methylations affected or did not affect gene activity.
Some of the data schematically summarized were presented previously:
Adl2, EIA, Adl2 IX (Kruczek and Doerfler, 1983), Ad2 E2A (Langner et
al., 1984), -y-globin gene (Busslinger et al., 1983).

virus and baculovirus systems and the 'y-globin gene. It appears
that the inhibitory function of methylation at 5'-CCGG-3' sites
is exerted mainly when this signal is introduced in positions
upstream from the TATA or cap sites of a viral promoter. It is
unknown whether these results can be extrapolated to other eu-
karyotic systems. However, results reported by Busslinger et al.
(1983) for the 'y-globin gene are consistent with this interpretation.
Further work will be directed towards fLxing the pAcplO-CAT

construct in the methylated or unmethylated form in the genome
of the insect host cell and then to assess the activity of the plO
gene. We also seek to investigate what other AcNPV functions
are required for the activity of the plO gene promoter.

Materials and methods
Cells and virus
Origin and culture conditions of the lepidopteran cell lineS. frugiperda have been
described earlier (Tjia et al., 1979, 1983). HeLa cells were grown as monolayer
cultures in the Dulbecco modification of Eagle medium (Bablanian et al., 1965)
supplemented with 10% fetal bovine serum.
The insect baculovirus AcNPV was propagated on monolayer or suspension

cultures of S. frugiperda cells (Lubbert and Doerfler, 1984a). For the inoculation
ofS. frugiperda cells, extracellular virus, i.e., medium from infected cells, was
used.
Infection of S. frugiperda cells with AcNPV
S. frugiperda cells, which were eventually transfected with plasmid constructs,
were AcNPV-infected as 50-60% confluent monolayer cultures. AcNPV inocula
Wvere allowed to adsorb for 1-2 h. Subsequently, the cells were washed and
maintained in medium (Gardiner and Stockdale, 1977) containing 10% fetal calf
serum. At various times after inoculations (cf. Figures 2, 3, 4), infected com-
plexes or uninfected control cells were transfected (see below).
Propagation and purification of bacterial plasmids
ThepBR322-cloned EcoRI-Q fragment of AcNPV DNA (Lubbert et al., 1981),
the pSVO-CAT (Gorman et al., 1982), and the pAcplO-CAT constructs were
propagated onE. coli strain HB11I/X, and purified by equilibrium sedimentation
in CsCl-ethidium bromide density gradients (Clewell and Helinski, 1972).
Construction of the pAcpJO-CATp1asmid
The EcoRI-Q fragment of AcNPV DNA was cut with HgaI (Figure la). The
fragments generated were treated with 100 units of Si nuclease (Lubbert and
Doerfler, 1984a) to remove protruding termini and were subsequently phenolized
and precipitated with ethanol. HindJJl linkers (Bethesda ResearchLaboratories)
were ligated onto the blunt ends thus generated and subsequently cut with HindI.
The HgaI fragment containing the plO promoter (Figurela) was purified by elec-
trophoresis on a 5% polyacrylamide gel and identified by its size deduced from
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theknown sequence (Lubbert and Doerfler, 1984b). The fragment was excised,
eluted from the gel (Deuring and Doerfler, 1983), and was finally ligated into
the HindLi site of pSVO-CAT (Gorman et al., 1982) which had been cut with
Hindu and pre-treated with calf intestine phosphatase (2.8 units/ug). DNA was
then transfected into HB1IO/X cells. The correct plasmid construct was ident-
ified by restriction analyses using BgiI, Hinfl, Hpail and Sau96I (Figure lb)
and was designated pAcplO-CAT to indicate that it contained the plO gene pro-
moter of AcNPV DNA.
Control of the nucleotide sequence of the p10 promoter insert in pAcpJO-CAT
Parts of the promoter insert were re-sequenced to ascertain the promoter struc-
ture. To determine the proximal promoter sequence, the DNA was AvaH cut
(Figure lb). The 3' termini generated were 32P-labeled using the Klenow frag-
ment of DNA polymerase I and[a-32P]dNTPs, and the DNA was then cut with
TaqI. The 394-bp fragment containing this segment was purified by electrphoresis
on a 5% polyacrylamide gel. The nucleotide sequence was determined by the
Maxam-Gilbert procedure (Maxam and Gilbert, 1977, 1980). Similarly, the distal
promoter sequence was determined uponSau961 cleavage and 5' labeling of the
construct using polynucleotide kinase and [-y-32P]ATP followed by EcoRI cleavage
(Figure lb) and isolation of the 567-bp fragment as described above.
In vitro methylation of the pAcpJO-CAT construct
The purified pAcplO-CAT construct was invitro methylated using the HpaIl DNA
methyltransferase (4 units/jg of DNA) (Biolabs, Beverly, MA) following a proto-
col previously published (Kruczek and Doerfler, 1983). There are one 5'-CCGG-3'
(Hpai) site 40 nucleotides upstream from the cap site of this gene and two such
sites 178 and 192 bp downstream from the ATG codon within the coding sequence
of the plO gene (Figure la, and Lubbert and Doerfler, 1984b). The promoter
lacks HhaI sites. It had to be ascertained that the plasmid construct was com-
pletely methylated (Vardimon et al., 1982; Kruczek and Doerfler, 1983; Langper
et al., 1984). As a test, in vitro methylated DNA was cleaved with MspI or HpaU
(Waalwijk and Flavell, 1978), the fragments were separated by electrophoresis
on a 1.2% agarose gel, blotted (Southern, 1975), and hybridized to pAcplO-CAT
DNA 32P-labeled by nick-translation (Rigby etal., 1977). In control experiments,
the pAcplO-CAT plasmid was mock-methylated with HpaII DNA
methyltransferase under standard conditions, except that the methyl donor S-
adenosylmethionine (SAM) was omitted.

Assays for absence of intracellular replication, integration or demethylation
At 48 h after the transfection of S. frugiperda cells, the total nuclear DNA was
isolated (Sutter et al., 1978). The DNA was then incubated with DpnI (Lacks
and Greenburg, 1977) to check for replication of the construct in S.frugiperda cells.
Unreplicated DNA should have been sensitive to DpnI cleavage at 5'-GmATC-
3' sequences since the construct had been grown on an adenine methylation-
proficient host (HB101/X) and would have maintained its methylated pattern in
mammalian cells, unless it had replicated. The DNA was also incubated with
MboI. Unreplicated DNA which had remained adenine methylated in the sequence
5'-C;nATC-3', should prove refractory to the action of this enzyme. Alternatively,
the DNA was cut with EcoRI, AvaIl or with Hpai or MspI. Subsequently, DNA
fragments were separated by electrophoresis on 1.5% agarose gels, transferred
to nitrocellulose filters (Southern, 1975), and hybridized to 32P-labeled
pAcplO-CAT DNA followed by autoradiography.

Transfection of cells with pAcplO-CAT or pSVO-CAT DNA and CAT assay
Published procedures (Graham and van der Eb, 1973; Gorman et al., 1982) were
used as detailed previously (Kruczek and Doerfler, 1983). The conversion of
14C-labeled chloramphenicol (CAM) to acetylated products was measured by incu-
bating CAM with extracts of cells prepared 48 h after transfection followed by
CAM extraction with acetyl acetate, t.l.c. using silica gel sheets (Macherey-Nagel,
Duiren, FRG) and autoradiography. For quantitation, radioactive spots were excised
from the chromatogram, and the 14C-activity in each spot was determined by
scintillation counting. As a positive control, 14C-labeled CAM was incubated with
commercial CAT enzyme (PL Biochemicals, Milwaukee, WI), and the conver-
sion of CAM to its acetylation products was determined.
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