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FIG. 6. Hybridization analysis of AcMNPV cDNA. A 32P-labeled cDNA probe was made by primed
synthesis with avian myeloblastosis virus reverse transcriptase, using the 3' ends of AcMNPV poly(A)+ RNA
isolated from infected cells at 48 h p.i. as a template. The cDNA probe was hybridized to AcMNPV DNA (right
panel) restricted with XhoI (X), BamHI (B), EcoRI (E), and HindIll (H) and to cloned plasmids EcoRI-I (pl)
restricted with EcoRI and BamHI (E * B) or EcoRI, BamHI, and HindIII (E * B * H); cloned BamHI-F (pF)
restricted with BamHI and KpnI (K); and cloned HindIII-V (pV) restricted with HindIll and KpnI (K) (lanes 1
through 8, respectively). KpnI subfragments of AcMNPV BamHI-F (F1 and F2) and HindIII-V (V1 and V2) are
marked. An ethidium bromide-stained gel of these fragments is shown in the left panel. Certain fragments
discussed in the text are labeled.

may be a mixture of two major RNA species
whose 5' ends map approximately at positions
3997 and 3990 (Fig. 3). It is also possible that the
first 5 to 10 bases of the polyhedrin RNA-DNA
hybrid were sensitive to S1 digestion. We are
using primer-extension and RNA sequencing
methods to help answer this question.
The 3' end of the gene was mapped in a similar

manner, using a 3' end-labeled KpnI-EcoRI frag-
ment extending from 4,630 to 7,300 base pairs in
EcoRI-I and 3' end-labeled HindIII-V. Results
obtained from alkaline agarose gels (data not

shown) mapped DNA sequences that specify for
the 3' end of polyhedrin mRNA near the HindIII
site at 5,230 ± 50 bases (Fig. 3).

DISCUSSION
In this study, we demonstrated that two

AcMNPV genes, polyhedrin and 10K protein,
were expressed at high levels at about 48 h p.i.
and were continually expressed to at least 99 h
p.i. At 48 h p.i., the mRNA and the protein from
these two genes had accumulated in infected

J. VIROL.

 on S
eptem

ber 12, 2018 by guest
http://jvi.asm

.org/
D

ow
nloaded from

 



AcMNPV LATE TRANSCRIPTS 223

DNA-- 25 122pi
RNA- I U I U I

S1353
4 -1078

-872
4R -603

*.-310S

FIG. 7. S1 nuclease analysis of polyhedrin mRNA.
Poly(A)+ RNA isolated from AcMNPV-infected (I)
cells at 48 h p.i. or uninfected (U) cells were hybrid-
ized to cloned EcoRI-I (pI) and HindIII-V (pV) DNA.
As controls, pBR325 (25) and pBR322 (22) DNAs were
also hybridized to infected-cell RNA. The prepara-
tions were hybridized for 3 h in 80% formamide (2) at
50°C, diluted, and digested with 500 U of S1 nuclease
per ml at 37°C for 15 min. The RNA-DNA hybrids
were precipitated with alcohol, denatured, and elec-
trophoresed in 1.2% alkaline agarose. The DNA was
transferred to nitrocellulose and hybridized with 32P-
labeled EcoRI-I. 4X174 HaeIII restriction fragments
were electrophoresed in the first and last lanes, trans-
ferred, and detected by adding 32P-labeled 4X174
DNA to the hybridization mix. The size of 4X174
DNA fragments in nucleotides is indicated.

10K protein is a minor component of the virus
particles, but the majority of 10K protein made
in infected cells is apparently nonstructural.
Since 10K protein is a late gene product and is
produced at high levels very late in infection, it
may also be involved in the occlusion process.
The mRNA for AcMNPV polyhedrin was

measured in formamide gels as being about 1,200
bases in size. This is most likely an underesti-
mate, as the gene for AcMNPV polyhedrin was
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cells. In a recent study (J. M. Vlak and S. van
der Krol, Virology, in press), it was demonstrat-
ed that, at 24 h p.i. in AcMNPV-infected cells,
there is an abundance of cytoplasmic poly(A)+
RNA that hybridizes to the regions of the
genome where polyhedrin and 10K genes are
located. The DNA sequences responsible for the
preferred expression of polyhedrin and 10K pro-
tein late in infection are of considerable interest
and can be used as a model to study the control
of gene expression in insect cells. In addition,
the copious quantities ofRNA and protein made
from these genes will facilitate such genetic
studies. The necessity for the production of
large amounts of polyhedrin to serve as the
major component of viral occlusions in
AcMNPV-infected cells is obvious. The reason
for the production of a large quantity of 10K
protein and its continued synthesis several days
after infection is not readily apparent. A small
amount of 10K protein is most likely required
during the first 24 to 36 h p.i., when virions are
being assembled, because the evidence is that

-118

FIG. 8. S1 nuclease analysis of the 5' end of poly-
hedrin mRNA. To locate the 5' end of polyhedrin
mRNA, AcMNPV DNA fragments were 5' end la-
beled at positions 4300 and 4210 (Fig. 3) and hybrid-
ized with infected-cell RNA (lanes A and B, respec-
tively) or uninfected cell RNA (lanes C and D,
respectively). The preparations were treated with Si
nuclease as described in the legend to Fig. 7, precip-
itated with alcohol, denatured by boiling for 3 min in
990% formamide, and electrophoresed in a 0.4-mm 8%
polyacrylamide-7 M urea gel at 2,000 V for 2 h. 4)X174
HaeIII fragments labeled at the 5' ends were included
as size markers (M). The gel was exposed to X-ray film
at -80°C for 24 h.
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determined from S1 nuclease experiments to be
about 1,200 bases and the polyhedrin mRNA is
also poly(A)+ (27). In the first report to describe
the isolation of AcMNPV polyhedrin mRNA
(25), it is speculated that an abundant RNA of
about 650 bases is the polyhedrin mRNA. It is
likely that this RNA is the 10K mRNA and, as
suggested by Vlak and Krol (in press), the
polyhedrin mRNA is larger. The 5' end of the
AcMNPV polyhedrin gene was located at ap-
proximately 3,990 base pairs, and the 3' end was
located at about 5,200 base pairs to the right of
the origin on the physical map. The polyhedrin
gene also had no detectable introns. Intervening
sequences near the ends of the gene, however,
cannot be excluded, and sequence analysis is
needed to confirm that the gene is a continuous
DNA sequence. Only a few eucaryotic structur-
al genes are known to have no introns, e.g., the
herpesvirus thymidine kinase gene (13), human
interferons (15 and references therein), and the
adenovirus IX gene (1). The significance of this
is yet to be determined.

S1 nuclease mapping of the 5' terminus of
polyhedrin mRNA suggested that there may be
two preferred sites for the location of the 5' end
of polyhedrin mRNA. Whether this is a result of
bona fide heterogeneity or an artifact inherent in
the S1 mapping procedure is not known. The 5'
ends of other animal virus mRNAs are also
known to originate from more than one position
on the DNA, for example, simian virus 40 early
and late transcripts (2, 11, 26).
The information presented in this report on

the structure and location of AcMNPV polyhe-
drin and 10K genes will allow us to proceed with
the analysis of the nucleotide sequences of these
genes. An understanding of the structure of
these and other AcMNPV genes is a valuable
requisite to the study of baculovirus gene regula-
tion and function.
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