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The safety of baculoviruses with respect to mammalian species was studied by using a genetically engineered
recombinant of Autographa californica nuclear polyhedrosis virus. This recombinant contains the chloram-
phenicol acetyltransferase (CAT) gene under the control of a mammalian-active promoter and expresses
substantial levels of CAT activity on infection of permissive and nonpermissive insect cells (L. F. Carbonell,
M. J. Klowden, and L. K. Miller, J. Virol. 56:153-160, 1985). Extremely low levels of CAT activity were
detected in mouse and human cell lines that were continuously exposed to the A. californica nuclear
polyhedrosis virus recombinant. The appearance of CAT was not inhibited by cycloheximide. Isopycnic
centrifugation of purified inoculum showed that a low level of CAT activity was associated with the
insect-derived viral particles. Thus, the observed CAT activity is carried into the cells with the virus inoculum,
and active expression of the baculovirus-borne CAT gene is not observed in either cell line. The inability of the
CAT gene to be expressed in these cell lines with this model system provides additional assurance of the safety
of insect baculoviruses with respect to mammalian species.

A variety of concerns about the safety of releasing insect
baculoviruses into the environment for the purpose of insect
pest control have been addressed to register baculoviruses
as pesticides with the U.S. Environmental Protection
Agency (8, 10, 11, 26). Although several of these viruses
have been approved for pesticide use by the U.S. Environ-
mental Protection Agency (5, 16), it is of continuing interest
and importance to apply the latest and most sensitive tech-
nology to the question of how baculoviruses interact with
nontarget organisms (3, 27, 29). The safety issue concerning
these viruses has received additional visibility recently with
the release of a recombinant form of the baculovirus
Autographa californica nuclear polyhedrosis virus
(AcAMNPV) as the first governmentally approved release of a
recombinant DNA-containing organism into the environ-
ment (1). This virus is also extensively used as a vector for
the expression of foreign genes (15), including oncogenes
(18). Thus, the ability of AcMNPV to enter and express its
genetic information in nontarget organisms, including mam-
mals, is of considerable relevance.

Electron microscopic studies have shown that AcMNPV
enters a variety of mammalian cells in culture (8, 9, 21, 29),
but viral DNA does not persist in these cells (27), nor is there
any observable effect on the chromosomal organization of
mammalian cells (21). We have described the construction of
a recombinant AcMNPV, LlLC-galcat, which contains the
Escherichia coli P-galactosidase gene under the control of
the late AcMNPV polyhedrin gene promoter and the E. coli
chloramphenicol acetyltransferase (CAT) gene under the
control of the promoter within the Rous sarcoma virus
(RSV) long terminal repeat (LTR) (3). The RSV LTR-CAT
gene construct that was used in those studies is expressed in
a wide variety of vertebrate cells on DNA transfection (6).
We first observed that the RSV LTR-CAT gene is expressed
equally well in permissive lepidopteran cells and nonpermis-
sive dipteran cells infected with LlLC-galcat, but that the
polyhedrin-controlled ,-galactosidase gene is expressed
only in permissive lepidopteran cells. Expression is thus
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promoter dependent in insect cells; this conclusion was
confirmed, in part, by results of direct transcriptional studies
in which some early AcMNPV transcripts were observed in
nonpermissive dipteran cells but late AcMNPV transcripts
were not detected (22).
When cultured mouse cells were continuously exposed to

AcMNPV LlLC-galcat, very low levels of CAT activity
were detected compared with the approximately 2,000-fold
higher levels of CAT activity observed in permissiye or
nonpermissive insect cells inoculated with the same virus
(3). The low levels of CAT activity were observed only after
prolonged and continuous exposure to the virus. From the
results of these studies we concluded that there is a block to
AcMNPV entry or gene expression in mouse cells; this was
also confirmed in part by studies in which cell-associated
CAT activity was detected in LlLC-galcat-exposed mouse
cells in the presence of an inhibitor of protein synthesis (4).
Volkman and Goldsmith (29) reported that a human carci-
noma cell line, A549, appeared to be more susceptible to
AcMNPV entry than other mammalian cells, so it was of
interest to extend our studies to this cell line. In this study
we examined the AcMNPV LlLC-galcat interaction with the
human A549 cell line and also analyzed further the nature of
AcMNPV-mediated CAT gene expression in a mouse cell
line. We show that the AcMNPV-borne CAT gene is not
expressed in either cell line and that the low level of CAT
activity associated with these virus-exposed cells is due to
presynthesized CAT associated with the virus particles in
the inoculum. These data support the safety of baculoviruses
with respect to mammalian species.

MATERIALS AND METHODS
Cells and media. The Spodoptera frugiperda IPLB-SF-21

cell line (28) was used for propagation and titering of viruses
(12). The Drosophila melanogaster DL-1 (24) and mouse
L929 (23) cell lines, as well as their growth conditions and
media, have been described by Pennock et al. (20). The
human lung carcinoma cell line A549 (29) was provided by
Loy Volkman and was maintained at 37°C and in 5% CO2 in
Dulbecco modified Eagle essential medium (GIBCO Labo-
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FIG. 1. Restriction map of the polyhedrin region of AcMNPV LlLC-galcat. A recombinant virus, AcMNPV LlLC-galcut, was

constructed by allelic replacement of the AcMNPV L-1 (wild-type) polyhedrin gene with sequences in plasmid pLC-1 (3). The pLC-1 plasmid
contains the ,-galactosidase gene fused to the polyhedrin gene and promoter; it also contains the CAT gene under control of the promoter
within the LTR of RSV. LlLC-galcat carries an approximately 10-kilobase insert containing the following, from left to right: the polyhedrin
promoter (F'), the polyhedrin N-terminal region (PN) fused in-frame with the 3-galactosidase gene (Z), the lacY gene (Y), a ColEl origin of
replication (ori), the RSV LTR promoter, the CAT gene, and a polyadenylation signal sequence from simian virus 40 followed by the
C-terminal regions of polyhedrin (Pc). F', V, and T refer to the Hindll fragments of AcMNPV L-1 DNA. The restriction endonuclease sites
indicated are BamHI (B), EcoRI (E), EcoRV (V), Hindlll (H), NdeI (N), PstI (P), and Sall (S).

ratories, Grand Island, N.Y.) supplemented with 10% fetal
bovine serum (HyClone Laboratories, Logan, Utah) and
antibiotics. Prior to passage and seeding, mammalian cell
monolayers were dislodged by incubating in a 0.05% trypsin
solutiot (Sigma Chemical Co., St. Louis, Mo.) containing
0.05% glucose and 4 g of NaCl, 0.2 g of KCl, and 0.29 g of
NaHCO3 per liter.

Viruses and inocula preparation. The L-1 variant of
AcAMNPV served as the wild-type strain (12). The construc-
tion of a recombinant AcMNPV, LlLC-galcat, has been
described previously by Carbonell et al. (3), and the location
of the reporter genes 3-galactosidase and CAT within the
polyhedrin region of L-1 is illustrated in Fig. 1. Virus used as
inoculum was prepared from medium collected from infected
S. frugiperda cells 96 h postinfection (p.i.). The virus-
containing medium was centrifuged at 1,000 x g for 5 min to
pellet cell fragments. The supernatant was further centri-
fuged at 86,000 x g for 75 min at 4°C through a cushion
containing 20% sucrose in 0.1% bovine serum albumin in
phosphate-buffered saline (PBSA) (12) to pellet the budded
virus. The pellet was suspended in a small volume of PBSA
and layered on a linear 20% to 60% sucrose density gradient
also in PBSA. After centrifugation at 86,000 x g and 4°C for
3 h, a viral band was observed and removed from the
gradient. The virus was diluted 10-fold in PBSA and
repelleted through a 20% sucrose cushion in PBSA. The final
pellet was suspended in the appropriate growth medium and
filtered through a membrane (pore size, 0.45 ,um), and the
titer was determined. The D. melanogaster inoculum titer
was 3.1 x 108 PFU/ml. The mouse cell inoculum was 4.0 x

108 PFU/ml, and the human cell inoculum was 4.2 x 108
PFU/ml.
Enzyme and protein assays. Assays for CAT activity and

protein quantitation of crude cell extracts were carried out
by the method of Gorman et al. (7) and Bradford (2),

respectively, as modified by Carbonell et al. (3). A unit of
CAT activity was defined as the amount of enzyme that
acetylated 1 nmol of ['4Clchloramphenicol per min.

Inoculation of Drosophila cells. Monolayers of DL-1 cells
were preincubated for 1 h with or without 100 ,ug of
cycloheximide (Sigma) per ml and inoculated at a multiplic-
ity of infection (MOI) of 20 PFU per cell with gentle rocking
for 1 h at room temperature. The inoculum was removed and
the cells were incubated at 27°C in the presence or absence
of cycloheximide. Cells were collected at various times p.i.;
and extracts were prepared (3), CAT activity and total
protein were determined for each extract, and the specific
activity of CAT was calculated.

Inoculation of mammalian cells. Monolayers of mammalian
cells (106 cells in dishes [diameter, 35 mm]) were continu-
ously exposed to AcMNPV LlLC-galcat at an MOI of 100
PFU per cell in supplemented RPMI 1640 medium (GIBCO)
(mouse cells) or supplemented DMEM medium (htiman
cells) in the presence or absence of 100 jig of cycloheximide
per ml. In some experiments, the virus inoculum (MOI, 500
PFU per cell) was removed after 1 h of incubation. Cells
were collected at various times by removing the medium,
washing the cell monolayer three times with PBS (12),
removing the cells from the dishes with a rubber policeman,
and pelleting the cells by centrifugation at 300 x g. Cell
pellets were suspended in 100 ,ul of Tris hydrochloride (pH
7.8) and disrupted (3). Extracts were assayed for CAT
activity and total protein, and the CAT specific activity was
calculated.

Sucrose density gradient centrifugation. Sucrose gradient-
purified AcMNPV LlLC-galcat inoculum was layered onto
another 20 to 60% linear sucrose gradient in PBS and
centrifuged in an rotor (SW 28.1; Beckman Instruments,
Inc., Palo Alto, Calif.) at 86,000 x g for 3.5 h. Twenty units
of commercially available CAT (Sigma) was centrifuged in
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FIG. 2. CAT gene expression in D. melanogaster cells inocu-

lated with AcMNPV LlLC-galcat: effect of cycloheximide. D.
melanogaster cells were inoculated with AcAMNPV LlLC-galcat at
an MOI of 20 PFU per cell, and the inoculated cells were incubated
in the presence (0) or absence (@) of 100 p.g of cycloheximide per
ml. CAT specific activity at various times p.i. is presented.

parallel. Fractions (250 ,ul) were collected from the bottom of
the tube and freeze-thawed three times (dry ice-ethanol;
37°C). The fractions were assayed for CAT activity; this is
reported as the percentage of [14C]chloramphenicol acetyl-
ated by 50 RI of fraction in 1 h under standard assay
conditions (see Fig. 6). The density of each fraction was
calculated based on the refractive index.

RESULTS

Cycloheximide inhibits CAT gene expression in AcMNPV
LlLC-galcat-inoculated D. melanogaster cells. AcMNPV
LlLC-galcat contains the CAT gene under control of the
promoter within the RSV LTR. AcAMNPV LlLC-galcat
infection of nonpermissive D. melanogaster cells results in
the production of CAT activity at levels similar to those
observed in AcMNPV LlLC-galcat-infected permissive
lepidopteran cells (3).

If the CAT activity observed in D. melanogaster cells
infected with LlLC-galcat is due to active CAT gene expres-
sion in these cells, then treatment of the cells with an
inhibitor of protein synthesis should result in inhibition of
CAT synthesis. Cycloheximide is an effective inhibitor of
cytoplasmic protein biosynthesis in eucaryotic cells (19).
Cycloheximide treatment effectively inhibited CAT gene
expression in LlLC-galcat-infected D. melanogaster cells
(Fig. 2). Approximately 98 to 99% inhibition of CAT synthe-
sis was observed in the first 36 h p.i. By 48 h p.i., additional
CAT activity was observed in the cycloheximide-treated
cells; this was probably due to the leakiness of the inhibitor
at these late times p.i.

Cycloheximide does not inhibit the appearance of CAT
activity in mouse cells exposed to AcMNPV LlLC-galcat. We
previously observed (3) that CAT activity is inefficiently
expressed in AcMNPV LlLC-galcat-exposed mouse cells
and is detected only if the virus inoculum is allowed to
remain in contact with the cells during the exposure period.
Continuous exposure of the L929 mouse cell line to

AcMNPV LlLC-galcat in the absence of cycloheximide

Time 0 12 24 48 72 96 0 12 24 48 72 96 I B

Ac-CMt .f9f
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FIG. 3. Effect of cycloheximide on the appearance of CAT
activity in mouse cells continuously exposed to purified AcMNPV
LlLC-galcat. (A) Autoradiograph of the thin-layer chromatogram
resulting from ascending chromatography of ['4C]chloramphenicol
(CM) and acetylated derivatives (Ac-CM) generated on incubation
of [14C]chloramphenicol, acetyl coenzyme A, and crude cell extracts
of mouse cells exposed to purified AcMNPV LlLC-galcat (100 PFU
per cell) in the presence (lanes g through 1) or absence (lanes a
through f) of 100 pug of cycloheximide per ml. Cells were collected at
the indicated times. Lane m resulted from assaying 2 x 107 PFU of
purified inoculum (lane I), and lane n indicates a control assay
without enzyme (lane B). (B) Specific activity of CAT. CAT activity
was determined by quantitating the amount of acetylated
[4C]chloramphenicol for each lane in panel A, and the specific
activity was determined by using protein quantitation data for each
extract. Symbols: 0, 100 ,ug of cycloheximide per ml; 0, no
inhibitor.

resulted in a gradual increase followed by a slight decline in
CAT activity during the exposure period (Fig. 3). Even after
24 h of exposure, however, only very low levels of CAT
activity were associated with the cells; the specific activity
of CAT in mouse cells was approximately 0.04% of the CAT
specific activity found in LlLC-galcat-inoculated D.
melanogaster cells (notice the difference in scales between
Fig. 2 and 3B).

In contrast to the pattern seen in cycloheximide-treated
LlLC-galcat-inoculated D. melanogaster cells (Fig. 2), the
appearance of CAT activity was not inhibited in L1LC-
galcat-exposed L929 mouse cells treated with cycloheximide
(Fig. 3). This indicates that the CAT activity observed in
these cells is not dependent on protein synthesis. The
protein content of the crude cell extracts steadily increased
in the untreated cells (1.82 mg/ml at 48 h of exposure),
whereas it rapidly decreased in the cycloheximide-treated
cells (0.41 mg/ml at 48 h of exposure). CAT specific activity
in cycloheximide-treated mouse cells exposed to LlLC-
galcat was similar or even higher than that in the untreated
cells. As early as 0 h of exposure (equivalent to the end of
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FIG. 4. Detection of CAT activity in a human lung cell line
continuously exposed to purified AcMNPV LlLC-galcat: effect of
cycloheximide. (A) CAT assays were performed on crude cell
extracts of human lung carcinoma cells exposed to AcMNPV
LlLC-galcat (100 PFU per cell) collected at the indicated times
(lanes a through f). CAT activity detected in cells exposed to the
virus in the presence of cycloheximide is shown in lanes g through
1. Lane m shows activity in 50 ,ul (2.1 x 107 PFU) of inoculum (lane
I) Lane n is a control assay without enzyme (lane B). Abbreviations:
CM, Input unacetylated chloramphenicol; Ac-CM, acetylated chlor-
amphenicol. (B) Specific activity of CAT. Symbols: 0, cells ex-
posed to the virus in the absence of cycloheximide; 0, cells exposed
to the virus in the presence of cycloheximide.

the 1-h virus adsorption period), a low level of CAT activity
was associated with the cells. No CAT activity was detected
beyond 48 h due to loss of cell viability; the L929 mouse cells
were very sensitive to cycloheximide treatment at 100 p,g/ml.
The lack of protein synthesis may account for the apparent
increase in CAT specific activity in cycloheximide-treated
cells through 48 h of exposure.
CAT gene expression is not detected in AcMNPV LlLC-

galcat-exposed human cells. Substantial uptake of AcMNPV
by the A549 human lung carcinoma cell line was demon-
strated by immunological methods and was confirmed by
electron microscopy, although no evidence of viral replica-
tion was obtained (29). It was of interest to determine
whether the CAT gene of LlLC-galcat was expressed fol-
lowing uptake by A549 cells.

Cell-associated CAT activity was detected during expo-
sure of A549 cells to high titers of purified LlLC-galcat in the
absence of cycloheximide (Fig. 4A). The levels of CAT
specific activity detected in human cells were only threefold
higher than those observed in mouse cells (compare Fig. 4B
with 3B). Cycloheximide treatment did not inhibit the ap-
pearance of CAT activity, although it did inhibit the increase
in protein content of the crude cell extracts. By 72 h of
exposure, the protein content in crude extracts of
cyloheximide-treated cells was 0.81 mg/ml; this was less
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FIG. 5. Appearance of CAT activity in human cells continuously
or transiently exposed to unpurified AcMNPV LlLC-galcat.
Monolayers of human lung cells were exposed to 500 PFU of
unpurified AcAMNPV LlLC-galcat per cell, continuously (0) or for
an initial 1-h period after which the cells were incubated in virus-free
medium (0). Cells were collected at the indicated times, washed,
pelleted, and disrupted. CAT specific activities were determined
based on CAT activity and protein quantitations of the cell-free
extracts.

than half of that observed in the untreated cells at that time
(1.90 mg/ml). Thus, the observed CAT activity was not due
to the active expression of the baculovirus-borne CAT gene
in the human cell line.
An additional experiment was carried out to assess the

effect that time of exposure to the virus has on the levels of
CAT activity observed in LlLC-galcat-exposed A549 cells.
The virus inoculum used in this case was not purified by
banding on a sucrose gradient as was done for all other
experiments. Continuous exposure of human lung (A549)
cells to high titers (MOI, 500 PFU per cell) of unpurified
LlLC-galcat resulted in an increase in CAT specific activity
which was maximal at 40 h of exposure and gradually
declined through 96 h of exposure (Fig. 5). When the
inoculum was removed after 1 h of exposure (0 h), CAT
activity was observed and subsequently decreased so that by
24 h of exposure only 15% of the specific activity observed at
0 h remained. This indicates that the observed increase in
CAT specific activity with time reflects a slow adsorption
and subsequent accumulation of preexisting CAT in A549
cells which are continuously exposed to LlLC-galcat. These
data thus corroborate the results of the cycloheximide stud-
ies.

Detection of CAT activity in sucrose gradient-purified
AcMNPV LlLC-galcat inocula. The observation that a low
level of CAT activity is detected in both mouse and human
cells immediately after exposure to LlLC-galcat and that
cycloheximide is not inhibitory to expression of CAT in
these cells suggests that the observed CAT activity is
associated with the virus inocula. The inocula used in these
experiments were purified extensively by banding on a
sucrose gradient, repelleting, and resuspending in the appro-
priate medium to eliminate the CAT activity which might be
present in the medium of the LlLC-galcat-infected cells.
Nevertheless, CAT activity was observed in the virus
inocula for the mouse cell inoculum (Fig. 3A, lane m) and for
the human cell inoculum (Fig. 4A, lane m). The amount of
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FIG. 6. CAT activity profiles of AcMNPV LlLC-galcat or com-
mercial CAT centrifuged on a sucrose density gradient. Twenty
units of commercially available CAT (0) and 109 PFU of sucrose
gradient-purified AcMNPV LlLC-galcat (0) were centrifuged
through sucrose density gradient. Fractions were collected and
assayed for CAT activity, which is reported here as the percentage
of ["4C]chloramphenicol acetylated (% CM acet.). The density of
each fraction was determined by refractometry. The arrow points to
the density at which the budded virus was observed. Abbreviations:
B, Bottom; T, top.

virus assayed for both mouse and human cell inocula was
estimated to be approximately 2.0 x 107 PFU (see above)
and yielded an average of 1.4 x 10-2 U of CAT activity per
108 PFU.
CAT activity associated with AcMNPV LlLC-galcat viral

particles. To ascertain that the CAT activity observed in the
LlLC-galcat inocula was associated with the viral particles,
sucrose gradient-purified LlLC-galcat was banded a second
time on a sucrose density gradient, and fractions were
collected and assayed for CAT activity. CAT activity was
associated with the viral band resulting from isopycnic
centrifugation of purified LlLC-galcat (Fig. 6). The viral
band was identified visually and by A260 measurements of the
collected fractions. The viral particles had a buoyant density
of approximately 1.99 g/ml (circa 44.5% sucrose), which
agrees closely with a previously reported density (12). In a

parallel gradient, commercially available CAT remained at
the top of the gradient (Fig. 6). The CAT activity observed at
the top of the gradient in the LlLC-galcat gradient may have
been due to free CAT released from partially disrupted viral
particles or may indicate that the CAT activity was only
weakly associated with the viral particles.
The location of CAT in the viral particles was further

investigated by isopycnic centrifugation of wild-type (L-1)
inoculum mixed with 20 U of commercial CAT (data not

shown). CAT activity was observed associated with the L-1
viral band, suggesting that there is affinity between CAT and
the membrane of the virus particle.

DISCUSSION

Because of the continuing interest in using baculoviruses
as pesticides (16, 17) and as vectors for the expression of
genes of commercial and scientific value (13, 14, 25), the
assessment of their safety regarding interaction with
nontarget organisms is of prime importance. One relevant
safety concern is the potential hazard of recombinant
baculoviruses with respect to mammalian species. AcMNPV
has been reported to enter mammalian cells (9, 29); although
no infection is established, it remains important to determine
if a baculovirus-borne gene under control of a mammalian-
active promoter is expressed in mammalian cells.
We have demonstrated that the reporter gene CAT under

the control of a mammalian-active promoter, when carried
as part of the DNA genome ofAcMNPV, is not expressed in
two inoculated mammalian cell lines. Although a low level of
CAT activity was observed in mouse and human cells
exposed to the recombinant, this activity was not due to the
expression of the viral-borne CAT gene in these cells but
was carried into the cells with the virus.
Volkman and Goldsmith (29) have reported that AcMNPV

is taken up more efficiently by human cell line A549 than by
any of several other vertebrate cell lines. We found that the
levels of CAT specific activity detected in human A549 cells
were two- to threefold higher than those observed in mouse
L929 cells when exposed to LlLC-galcat. This may reflect
the slightly higher efficiency of virus uptake in A549 cells.
However, Volkman and Goldsmith (29) also have reported
that it is the polyhedra-derived virus form of AcMNPV that
is taken up more efficiently by human A549 cells than the
budded virus form. We have used the budded virus form in
our studies because AcMNPV LlLC-galcat does not form
polyhedral occlusion bodies. Thus, results of our study have
not eliminated the possibility that a polyhedra-derived virus
form of LlLC-galcat or another polyhedrin-substitution
AcMNPV recombinant may be more efficient in entering
A549 cells. This may be of minimal concern because the
polyhedra-derived virus form only exists transiently in na-
ture in the alkaline environment of infected larval midguts,
and it is therefore unlikely that mammalian cells would come
in contact with this form of the virus.

Results of this study corroborate those of previous reports
that affirm the safety of baculoviruses with respect to verte-
brates, especially mammals, and show that although
AcAMNPV may gain entry into the cell, the viral DNA either
does not reach the nucleus or is not available to cell
transcriptional factors. The RSV LTR-CAT construct used
in our experiments is actively expressed in a variety of
mammalian cells, including mouse NIH 3T3 and HeLa cells
(6), when delivered as plasmid DNA via calcium phosphate-
mediated transfection. When it gains access to the cell as
part of the AcMNPV genome, however, the RSV LTR-CAT
construct is not expressed. All accumulated evidence sug-
gests that insect baculoviruses pose no threat to nontarget
organisms.

ACKNOWLEDGMENTS
We thank Loy E. Volkman (University of California, Berkeley)

for providing the human cell lines.
This investigation was carried out in part in the Department of

Bacteriology and Biochemistry, University of Idaho, as partial

APPL. ENVIRON. MICROBIOL.



BACULOVIRUS IN MAMMALIAN CELLS 1417

fulfillment of Ph.D. requirements (L.F.C.), and was supported
under competitive research grant 85-CRCR-1-1796 by the U.S.
Department of Agriculture, Office of Grants and Program Systems
and by Public Health Service grant AI-17338 from the National
Institute of Allergy and Infectious Diseases.

LITERATURE CITED
1. Bishop, D. H. L. 1986. UK release of genetically marked virus.

Nature (London) 323:496.
2. Bradford, M. M. 1976. A rapid and sensitive method for the

quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding. Anal. Biochem. 72:248-254.

3. Carbonell, L. F., M. J. Klowden, and L. K. Miller. 1985.
Baculovirus-mediated expression of bacterial genes in dipteran
and mammalian cells. J. Virol. 56:153-160.

4. Carbonell, L. F., and L. K. Miller. 1987. Genetic engineering of
viral pesticides: expression of foreign genes in nonpermissive
cells. UCLA Symp. Mol. Cell. Biol. 48:235-244.

5. Falcon, L. A. 1985. Development and use of microbial insecti-
cides, p. 229-242. In M. A. Hoy and D. C. Herzog (ed.),
Biological control in agricultural IPM systems. Academic Press,
Inc., New York.

6. Gorman, C. M., G. T. Merlino, M. C. Willingham, I. Pastan,
and B. H. Howard. 1982. The Rous sarcoma virus long terminal
repeat is a strong promoter when introduced into a variety of
eukaryotic cells by DNA-mediated transformation. Proc. Natl.
Acad. Sci. USA 79:6777-6781.

7. Gorman, C. M., L. F. Moffat, and B. H. Howard. 1982.
Recombinant genomes which express chloramphenicol acetyl-
transferase in mammalian cells. Mol. Cell. Biol. 2:1044-1051.

8. Granados, R. R. 1978. Replication phenomena of insect viruses
in vivo and in vitro, p. 163-173. In H. G. Miltenburger (ed.),
Safety aspects of baculoviruses as biological pesticides.
Bundesministerium fur Forschung und Technologie, Bonn.

9. Groner, A., R. R. Granados, and J. P. Burand. 1984. Interaction
of Autographa californica nuclear polyhedrosis virus with two
nonpermissive cell lines. Intervirology 21:203-209.

10. Ignoffo, C. M. 1973. Effects of entomopathogens on vertebrates.
Ann. N.Y. Acad. Sci. 217:141-172.

11. Kawanishi, C. Y. 1978. Review of safety tests and methods for
evaluating infectivity, p. 199-210. In M. D. Summers and C. Y.
Kawanishi (ed.), Viral pesticides: present knowledge and po-
tential effects on public and environmental health. U.S. Envi-
ronmental Protection Agency, Research Triangle Park, N.C.

12. Lee, H. H., and L. K. Miller. 1978. Isolation of genotypic
variants of Autographa californica nuclear polyhedrosis virus.
J. Virol. 27:754-767.

13. Maeda, S., T. Kawai, M. Obinata, H. Fujiwara, T. Horiuchi, Y.
Saeki, Y. Sato, and M. Furusawa. 1985. Production of human
a-interferon in a silkworm using a baculovirus vector. Nature
(London) 315:592-594.

14. Miller, D. W., P. Safer, and L. K. Miller. 1986. An insect
baculovirus host-vector system for high-level expression of
foreign genes, p. 277-298. In J. K. Setlow and A. Hollaender
(ed.), Genetic engineering, vol. 8. Plenum Publishing Corp.,

New York.
15. Miller, L. K. 1987. Baculoviruses for foreign gene expression in

insect cells. In D. Denhardt and R. Rodriguez (ed.), A survey of
molecular cloning vectors and their uses. Butterworth,
Stoneham, Mass.

16. Miller, L. K., A. J. Lingg, and L. A. Bulla, Jr. 1983. Bacterial,
viral and fungal insecticides. Science 219:715-721.

17. Miltenburger, H. G., and A. Krieg. 1984. Bioinsecticides. II.
Baculoviridae, p. 291-313. In A. Mizrahi and A. L. van Wezel
(ed.), Advances in biotechnological processes 3. Allan R. Liss,
New York.

18. Miyamoto, C., G. E. Smith, J. Farrel-Towt, R. Chizzonite, M. D.
Summers, and G. Ju. 1985. Production of human c-myc protein
in insect cells infected with a baculovirus expression vector.
Mol. Cell. Biol. 5:2860-2865.

19. Obrig, T. G., W. J. Culp, W. L. McKeehan, and B. Hardesty.
1971. The mechanism by which cycloheximide and related
glutarimide antibiotics inhibit peptide synthesis on reticulocyte
ribosomes. J. Biol. Chem. 246:174-181.

20. Pennock, G. D., C. Shoemaker, and L. K. Miller. 1984. Strong
and regulated expression of Escherichia coli 3-galactosidase in
insect cells with a baculovirus vector. Mol. Cell. Biol.
4:399-406.

21. Reimann, R., and H. G. Miltenburger. 1983. Cytogenetic studies
in mammalian cells after treatment with insect pathogenic
viruses [Baculoviridae]. II. In vitro studies with mammalian cell
lines. Entomophaga 28:33-44.

22. Rice, W. C., and L. K. Miller. 1986/1987. Baculovirus transcrip-
tion in the presence of inhibitors and in nonpermissive
Drosophila cells. Virus Res. 6:155-172.

23. Sanford, K. K., W. R. Earle, and G. D. Likely. 1948. The growth
in vitro of simple isolated tissue cells. J. Natl. Cancer Inst.
9:229-246.

24. Schneider, I. 1972. Cell lines derived from late embryonic stages
of Drosophila melanogaster. J. Embryol. Exp. Morphol.
27:353-365.

25. Smith, G. E., G. Ju, B. L. Erickson, J. Moschera, H. W. Lahm,
R. Chizzonite, and M. D. Summers. 1985. Modification and
secretion of human interleukin 2 produced in insect cells by a
baculovirus expression vector. Proc. Natl. Acad. Sci. USA
82:8404-8408.

26. Summers, M. D., R. Engler, L. A. Falcon, and P. V. Vail (ed.).
1975. Baculoviruses for insect pest control: safety consider-
ations. American Society for Microbiology, Washington, D.C.

27. Tjia, S. T., G. M. zu Altenschildesche, and W. Doerfler. 1983.
Autographa californica nuclear polyhedrosis virus (AcNPV)
DNA does not persist in mass cultures of mammalian cells.
Virology 125:107-117.

28. Vaughn, J. L., R. N. Goodwin, G. L. Thompkins, and P. Cawley.
1977. Establishment of two insect cell lines from the insect
Spodoptera frugiperda (Lepidoptera: Noctuidae). In Vitro
13:213-217.

29. Volkman, L. E., and P. A. Goldsmith. 1983. In vitro survey of
Autographa californica nuclear polyhedrosis virus interaction
with nontarget vertebrate host cells. Appl. Environ. Microbiol.
45:1085-1093.

VOL. 53, 1987


