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Pulse labeling with tritiated mannose was used to follow the time course of Autographa 
cnlifornica nuclear polyhedrosis virus (AcNPV) glycoprotein synthesis in Spodopkra fm- 
&erdu IPLB-21 cells. Nine viral-induced intracellular glycoproteins were first detected 
from as early as 2 hr postinoculation (6i’K, early phase) to as late as 14 hr (36K and 19K 
glycoproteins, intermediate phase). Glycosylation of these proteins was observed to continue 
to the end of the experiment (28 hr postinoculation). Seven of these intracellular gly- 
coproteins could also be detected in infected Trichoplusia ni TN-368 cells 24 hr postin- 
oculation. When the glycosylation inhibitor tunicamycin was present (from 0 hr postin- 
oculation) there was no detewtable glycosylation of any of these viral-induced glycoproteins. 
Metabolic labeling of the nonoccluded virus budded from IPLB-21 and TN-368 with tritiated 
mannose or N-acetylglucosamine identified 11 structural glycoproteins, 8 of which were 
identical in both virus preparations. All of these structural glycoproteins were sensitive 
to the inhibitory action of tunicamycin. A single 42K structural glycoprotcin was detected 
(with acetylglucosamine only) in the occluded form of AcNPV. Glycosylation of this 
structural protein appeared to be insensitive to tunicamycin. Lactoperoxidase-catalyzed 
radioiodination was used to determine which of the virus structural glycoproteins are 
exposed on the virion surface. 

INTRODUCTION 

The occurrence of glycoproteins as 
structural components of enveloped viruses 
may well be universal (Patzer et aZ., 1979). 
A variety of functions have been suggested 
for viral glycoproteins such as virus en- 
velope acquisition (Payne and Kristensson, 
1982; Simons and Garoff, 1980), virus at- 
tachment (B&hi et &, lgi’i’), penetration 
(Little et al, 1981; Huang et al, 1980), and 
uncoating (Lenard and Miller, 1982). Re- 
cently, we demonstrated that the glyco- 
proteins of the nonoccluded form of the 
Autographa califmica nuclear polyhedro- 
sis virus (AcNPV) are necessary for the 
infection of Trichoplusia ni cells but not 
for the release of enveloped progeny virus 
(Stiles et aL, 1983a). In spite of the im- 
portance of viral glycoproteins, little work 
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has been done to characterize the glyco- 
proteins of the insect pathogenic baculo- 
viruses. To date, only four studies have ap- 
peared, three involving the structural gly- 
coproteins of AcNPV (Maruniak, 1979; 
Dobos and Cochran, 1980; Goldstein and 
McIntosh, 1980) and the fourth dealing 
with the structural glycoproteins of the 
nonoccluded baculovirus, Hz-l (Burand et 
al, 1983). The time sequence of intracel- 
lular viral-specific glycoprotein synthesis 
has not yet been determined for any bac- 
ulovirus. 

To gain a better understanding of the 
role of baculovirus glycoproteins we have 
used the 1A clone of AcNPV (Wood, 1980b) 
to follow the time course of intracellular 
viral-induced glycoprotein synthesis in cell 
culture, to compare the intracellular viral 
glycoproteins to structural viral glycopro- 
teins, and to determine which structural 
proteins are exposed on the surface of the 
virions. Comparisons were also made be- 
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tween the viral glycoproteins of AcNPV 
grown in two different cell lines (Spodop- 
tera frugiperda IPLB-21 and Tm’&oplusia 
ni TN-368). The glycosylation inhibitor tu- 
nicamycin was used to ensure that incor- 
porated label from tritiated sugars was 
present in glycoproteins. This antibiotic is 
known to specifically inhibit the N-gly- 
cosidic glycosylation of proteins in animal 
cells (Hubbard and Ivatt, 1981; Takatsuki 
and Tamura, 1982) and insect cells (Butters 
et al, 1981). 

MATERIALS AND METHODS 

Cell and virus. TrichoplMa ni (TN-368) 
and Spodoptera fmgiperdu (IPLB-21) cells 
were maintained with TNMFH medium 
(Hink, 1970) modified according to Wood 
(1980a). The plaque-purified 1A clone of 
AcNPV (Wood, 1980b) was used throughout 
these experiments. 

Intracellular viral glyqwrote-ins. TN-368 
or IPLB-21 cells (3 X lo5 cells) were seeded 
into each well of a Falcon Multiwell Plate 
and inoculated with 3 X 10’ plaque-forming 
units of 1A virus (m.o.i. = 10) by centrif- 
ugation at 1000 g for 1 hr (Wood, 1977). 
The virus inoculum was removed and re- 
placed either with medium or medium 
containing 10 pg/ml tunicamycin (TM) and 
incubated at 26” (Stiles et al, 1983a). At 
appropriate times postinoculation (pi) cells 
in two wells were washed and then starved 
for 2 hr in low sugar medium (modified 
TNMFH medium without sucrose or fu- 
case, l/10 the normal amount of glucose, 
with dialyzed fetal calf serum added to a 
final 10% (v/v) concentration and sorbitol 
added to adjust the osmotic concentration) 
plus 10 pg/ml TM when appropriate. Af- 
ter starving, 40 &i (final concentration 
130 &i/ml) of [2-3H]mannose (New En- 
gland Nuclear Corp.), N-El-“HJacetylglu- 
cosamine (Amersham/Searle) or [6-3Hlfu- 
case (Amersham/Searle) was added to each 
well. After a 2-hr labeling period the cells 
were removed, washed once with Graces 
medium minus amino acids and pelleted 
at 300 g for 2 min. The cells were then 
suspended in 50 ~1 of distilled water, son- 
icated at 50 W for 4-5 set (Heat Systems, 
model W185 cell disruptor) and 5-gl ali- 

quots removed for a modified Lowry pro- 
tein assay (Markwell et a& 1981). The re- 
maining cell sample was combined with an 
equal volume of 2X Laemmli buffer (1970) 
and boiled 2-3 min. 

Preparation and purification of yH-la- 
beled AcNPV TN-368 or IPLB-21 cells were 
seeded into tissue culture flasks (1 X lo6 
cells/cm’ surface area) and allowed 1 hr 
for attachment. The medium was removed 
and a small volume of fresh medium con- 
taining 1A AcNPV (m.o.i. = 10) was added 
to each flask. The flasks were rocked gently 
for 1 hr (25”) and then additional medium 
was added (half the flasks received medium 
plus 10 pg/ml TM). At 12 hr pi the medium 
and virus inoculum was removed and 5 ml 
(for a 75-cm2 flask) of low sugar medium 
(or low sugar medium plus TM) were added. 
The cells were starved for 2 hr after which 
250 PCi of PH]mannose (rH]man), or N- 
[Hyacetylglucosamine (rH]GlcNAc) was 
added to each flask. At 24 hr pi 10 ml of 
complete medium (or medium pius TM) 
was added to each flask. 

At 48 hr pi the medium was carefully 
removed and fresh medium (or medium 
plus TM) added to the flasks. The medium 
containing the budded, nonoccluded virus 
(NOV) was given a low speed centrifuga- 
tion (300 g, 3 min) to remove cells and then 
layered over 20% (w/w) sucrose (1 mMTris 
buffer, pH 7.5) and centrifuged for 1 hr at 
66,000 g and 5”. The virus pellet was sus- 
pended in 1 n& Tris buffer (pH 7.5) and 
then layered onto a 25-55% w/w sucrose 
(1 mM Tris buffer, pH 7.5) gradient and 
centrifuged for 3 hr at 80,000 g and 5”. The 
virus band was collected, diluted with 3 vol 
1 mMTris buffer (pH 7.5), and centrifuged 
1 hr at 66,000 g, 5”. The virus pellet was 
suspended in 50 ~1 of 1 mlMTris buffer (pH 
7.5) and a 5-ccl aliquot removed for an op- 
tical density determination at 260 nm. The 
remaining virus samples were mixed with 
an equal volume of 2X Laemmli buffer and 
boiled 2-3 min. 

At 4-5 days pi the infected cells were 
harvested from the flasks and the occlusion 
bodies purified using the SDS-NaCI pro- 
cedure of Wood (1980b). Purified occlusion 
bodies (OBs) were dissolved for 15 min in 
50 mM Na&O:< at room temperature and 
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then mixed with an equal volume of 100 
mM Tris buffer, pH 7.5, and centrifuged 
for 15 min at low speed (1000 g) to pellet 
undissolved OBs. The supernatant was 
then layered over 25% (w/w) sucrose (1 
mM Tris buffer, pH 8.5) and centrifuged 
at 66,000 g and 5” for 1 hr. The virus pellet 
was suspended in 50 ~1 of 1 mMTris buffer 
(pH 7.5) and a 5-~1 aliquot removed to de- 
termine the optical density at 260 nm. The 
remaining virus samples were mixed with 
an equal volume of 2X Laemmli buffer and 
boiled 2-3 min. 

Radioicdinatim qf virus envelope surface 
proteins. Unlabeled NOV was purified as 
described above. Unlabeled occluded virus 
released from occlusion bodies (approxi- 
mately 1 X 10’) was further purified by 
banding on a 25-65% (w/w) sucrose gra- 
dient (1 mM Tris buffer, pH 7.5) at 80,000 
g and 5” (3 hr). Both the NOV and occluded 
virus bands were collected from the sucrose 
gradients immediately before iodination. 
The purified virus (in l-2 ml of sucrose) 

was mixed with 0.2 ml of 100 mM Tris 
buffer, pH 7.5. The following were then 
added in order: 75 ~1 of 10% glucose, 11 
mU of glucose oxidase (Sigma), 11 mU of 
lactoperoxidase (Calbiochem), and 150 &i 
of carrier free Na’? (Amersham/Searle) 
(modification of Hubbard and Cohn, 1972). 
The mixture was incubated at room tem- 
perature for 45 min and then diluted with 
2 vol of 10 mM Tris buffer (pH 7.5) to stop 
the reaction. The labeled virus was im- 
mediately layered over a cushion of sucrose 
(20% w/w for NOV, 35% w/w for occluded 
virus) in 1 mM Tris buffer, pH 7.5 and cen- 
trifuged 1 hr at 60,000 g, 5”. The virus pellet 
was suspended in 100 ~1 of Laemmli (1970) 
buffer and boiled 2-3 min. 

Acid hydrolysis of sH-labekd virus struc- 
tural glycoproteins. To check for intercon- 
version of the labeled sugars to other sug- 
ars before being incorporated into virus 
glycoproteins, NOV produced in TN-368 
cells and labeled with rH]man or [“HJ- 
GlcNAc was purified as described above. 

FIG. 1. Time course of AcNPV viral-induced intracellular glycoproteins in IPLB-21 cells labeled 
with [wmannose. The sample times in hours postinoculation are shown at the top of the figure 
and all lanes contain the same total amount of TCA-precipitable tritium counts. C, uninfected 
control cells; V, virus-infected cells. Arrows indicate viral-induced glycoproteins and their ap- 
proximate molecular weights (X10--“) are given. 
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The virus (in water) was combined with 
an equal volume of 20% cold TCA and kept 
on ice overnight. The mixture was then 
centrifuged at 1000 9 for 15 min, the su- 
pernatant poured off and the pellet sus- 
pended in 5 ml of chloroform-methanol 
(2:l) to extract the glycolipids. The ex- 
traction was carried out overnight at 5”. 
The proteins were then pelleted at 1000 g 
for 15 min and the supernatant discarded. 
Acid hydrolysis of the samples and thin 
layer chromatography were carried out 
according to Klenk et al (1970). The pellets 
were dried under a stream of Nz gas and 
1 N HCl added. The mixture was then 
sealed under N2 and heated at 100” for 12 
hr. The residue was dissolved twice in 
methanol and dried under Nz to remove all 
the acid. The residue was then dissolved 
in 50% methanol and spotted side by side 
with unlabeled sugar standards (in 50% 
methanol) onto a precoated cellulose TLC 
plastic sheet (Merck), which was divided 
into lanes 2-cm wide. The solvent system 
was ethyl acetate-pyridine-acetic acid- 
water (5:5:1:3) and the chromatogram was 
developed twice. The marker sugars (glu- 
cose, fucose, galactose, mannose, glucos- 
amine, and galactosamine) were stained 
with an alkaline silver nitrate solution 
(Krebs et ah, 1969) and photographed im- 
mediately after development of the spots. 
The virus sample lanes were cut horizon- 
tally into 3-mm wide strips and counted 
in Biofluor cocktail (New England Nuclear 
Corp.). 

Polyacrylamide gel electrophoresis, au- 
twudiography, and jkn-ography. Virus 
samples were dissociated and applied to 
diseontinuous sodium dodecyl sulfate- 
polyacrylamide gels according to Laemmli 
(1970). Aliquots of the virus samples were 
TCA-precipitated to determine the amount 
of label incorporated. Gels 15 X 15 X 0.15 
cm with a 4% stacking and 11% running 
gels were electrophoresed at a constant 6 
W per gel. Gels with ‘z51-labeled proteins 
were dried immediately onto No. 1 What- 
man filter paper and exposed to a sheet of 
Kodak X-Omat X-ray film at -70”. ‘?H-la- 
beled gels were first treated with Enhance 
(New England Nuclear Corp.) before 
drying and exposure to X-ray film at -70”. 

Molecular weights of labeled proteins 
were determined by comparison with the 
‘“C-labeled protein standards (Amersham/ 
Searle) phosphorylase b, bovine serum al- 
bumin, ovalbumin, carbonic anhydrase, 
and lysozyme. 

RESULTS 

Intracellulccr viral-induced glycoprot~ins. 
Following infection of IPLB-21 cells and 
pulse labeling with [“HIman, the synthesis 

FIG. 2. Labeling of AcNPV intracellular glycopro- 
teins with rH]mannose with Tunicamycin control. C, 
uninfected control IPLB-21 cells; V, infected IPLB- 
21 cells 14 hr pi; TM, tunicamycin treated infected 
IPLB-21 cells 14 hr pi (note the absence of label in- 
corporation when 10 @g/ml TM was added to cells at 
0 hr pi). V and TM lanes contain the same amount 
of total protein as determined by a modified Lowry 
(Markwell et &, 1931). Approximate molecular 
weights (X10-s) are indicated and arrows mark the 
glycoproteins. 
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of nine viral-induced glycoproteins was 
observed (Fig. 1). The glycoproteins were 
detected as early as 2 hr pi (67K) to as late 
as 14 hr pi (36K and 19K glycoproteins). 
Glycosylation of these proteins continued 
through to the end of the experiment (28 
hr pi). Pulse labeling with [“H]GlcNAc at 
24 hr pi gave identical results as the 
i”Hjman iabeling pattern. 

To ascertain that the identified proteins 
were glycosylated and not labeled with 
metabolically altered forms of the labeled 
compounds, tunicamycin (TM) was used as 
a control. As shown in Fig. 2, continuous 
incubation of infected ceils with TM from 
0 hr pi followed by pulse labeling with 
C?‘H]man at 14 hr pi resulted in undetectable 
levels of label incorporation. Label incor- 
poration was detected in the presence of 
tunicamycin prior to 6 hr pi indicating that 
TM requires approximate!y, 7 hr to enter 
the cell in sufficient quantity to completely 
inhibit glycosylation (data not shown). 

Incorporation of these labeled sugars 
was low at early time periods in infected 
TN-368 cells (data not shown). However, 
pulse labeling at 24 hr pi with IjH!man and 
[“H]GlcNAc detected 7 viral-induced gly- 
coproteins (Fig. 3). Labeling of the 87K and 
34K proteins observed in IPLB-21 cells was 
not detected. 

Structural glycoproteim of the nonoc- 
eluded virus (NOV). The pattern of viral 
glycoproteins (vpg) for NOV produced from 
IPLB-21 and TN-368 cells is shown in Fig. 
4. NOV from IPLB-21 and TN-368 cells 
consistently exhibited a total of eleven 
glycoproteins. The IPLB-21 NOV, however, 
had three viral glycoproteins (vpg 37, vpg 
36, and vpg 34) not seen in TN-368 NOV, 
while the TN-368 NOV also had three 
unique viral glycoproteins (vpg 100, vpg 41, 
and vpg 16). NOV produced from IPLB-21 
or TN-368 cells treated with 10 pg/ml tu- 
nicamycin had no detectable incorporation 
of 3H-iabelsd sugars. 

An effort was made to determine the ap- 
proximate amount of interconversion of 
the labeled sugar to other sugars before 
their incorporation into the NOV glyco- 
proteins. When samples of NOV from 
I&B-21 eels labe!ed with rH!man or 
[“H]GlcNAc were hydrolyzed with acid and 

FIG. 3. AcNPV viral-induced intracellular gly- 
coproteins in TN-368 cells at 24 hr pi labeled 
with (‘HJmannose (Man) or N{SH]acetylglucosamine 
(GlcNAc). C, uninfected control cells: V, virus-infected 
cells. Approximate molecular weights (X10-“) are in- 
dicated and arrows mark the glycoproteins. 

the liberated sugars separated by thin 
layer chromatography it was observed that 
both sugars underwent some interconver- 
sion (Fig. 5). The acid hydrolysis procedure 
used cleaves off acetyl groups on the sugars 
SO in Fig. 5 the [“H]GlcNAc label shows up 
as glucosamine with a small amount of 
conversion (perhaps 10%~) to galactosamine 
(represented by the slight shoulder on the 
peak). It was found that approximately 
20% of the 3H from mannose was incor- 
porated as fucose as shown by the twin 
peaks in Fig. 5. lt is also noteworthy that 
retative!y little label was observed between 
the origin and the sugar peaks as this is 
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FIG. 4. A comparison of the structural glycoproteins 
of AeNPV-NOV derived from IPLB-21 and TN-368 
cells. The virus was harvested at 48 hr pi and each 
well was loaded with approximately the same total 
number of virus particles. Man, PH]mannose label; 
GlcNAc, iV-@Jacctylglueosamine label. The approx- 
imate molecular weights (X10e3) of the glycoproteins 
are indicated and arrows mark the glycoproteins. 

the region where the liberated amino acids 
are found (Klenk et al., 1970). 

Occluded vimcs gl?~copro~~~. Under the 
conditions used here the IPLB-21 cells pro- 
duced few virus OBs; therefore, only OBs 
from TN-368 cells were examined for gly- 
coproteins. The occluded virus was found 
to contain a single 42K structural glyco- 
protein which labeled with pH]Glc- 
NAc but not rH]man and was apparently 
resistant to the inhibitory effects of TM 
(Fig. 6) 

Iodinatim of viral envelope proteins. 
Figure 7 illustrates the pattern of surface 

envelope proteins of NOV and occluded 
AcNPV accessible to lactoperoxidase-cat- 
alyzed iodination. In control preparations 
without lactoperoxidase, there was a 
greater than 99% reduction in TCA-pre- 
cipitable lzjI counts. We had previously de- 
termined (Stiles et al., 1983b) that labeling 
of nucleocapsid proteins is negligible under 
these conditions. A total of 13 NOV surface 
envelope proteins were labeled on virus 
produced by TN-368 cells while 12 proteins 
were identified when virus was produced 
in IPLB-21 cells (Fig. 7). A few additional 
bands were occasionally observed but not 
consistently enough to be included as viral 
proteins. These additional bands may rep- 
resent contaminating cellular material. 
The asterisks beside certain of the proteins 
indicate envelope proteins which we had 
previously found to be glycosylated. The 
TN-368 cell derived nonoccluded virus con- 
tained a 1OOK molecular weight protein not 
seen in the IPLB-21 cell-derived virus. In 
addition, one viral protein (vp) band had 
a slightly different estimated molecular 
weight (vp 15 versus vp 14) from TN-368 
and IPLB-21 cells, respectively. We also 
observed that the 38K viral glycoprotein 
which is present in NOV from both cell 
lines was surface labeled only in virus de- 
rived from IPLB-21 cells. Differences in 
protein glycosylation patterns may have 
blocked iodination of this glycoprotein in 
TN-368 cell-derived NOV. When iodination 
of the major surface proteins of TN-368 
and IPLB-21 cells was performed, none of 
the host cell plasma membrane proteins 
observed (data not shown) matched the 
NOV proteins labeled in Fig. 7. However, 
difficulties in iodinating cell surface pro- 
teins make it impossible to completely rule 
out the presence of host membrane pro- 
teins in the nonoccluded virus. 

Occluded virus purified from TN-368 cells 
had 14 envelope protein bands capable of 
being iodinated (Fig. 7) even though a sub- 
stantial amount of occlusion body matrix 
protein (vp 33) remained with the virions 
after purification from the OBs. 

DISCUSSION 

The IPLB-21 cell line was chosen as the 
primary line for intracellular glycoprotein 
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DISTANCE FROM ORIGIN 

FIG. 5. Thin layer chromatographic separation of labeled sugars incorporated into AcNPV-NOV 
derived from IPLB-21 cells. Acid hydrolysis was used to liberate individual sugars and amino acids 
before chromatographic separation. (0) represents virus labeled with [SH]mannose while (0) rep- 
resents virus labeled with iVj%]acetylglucosamine. The strip across the top of the figure contains 
the unlabeled sugar standards visualized with silver stain (Krebs et al, 1969). A, glucosamine; B, 
galactosaminc; C, mannose; D, fucose. (Note galactose and glucose run between B and C under 
these conditions.) 

synthesis studies because in preliminary 
experiments (data not shown) control and 
infected IPLB-21 cells exhibited a much 
higher rate of incorporation of $HJman in 
TCA-precipitable proteins than did TN-368 
cells. Therefore, only IPLB-21 cells could 
be easily used for the short label times 
required in the time course experiments. 
When longer labeling periods were used 
during NOV production, both cell lines gave 
satisfactory levels of incorporation. 

To ensure that the label added was being 
incorporated into viral proteins primarily 
as carbohydrate, the glycosylation inhib- 
itor tunicamycin (TM) was added to in- 
fected cell samples at 0 hr pi. A concen- 
tration of 10 &ml was used because we 
had previously determined that at this 
level virus was still formed and released 
from cells although the virions were non- 
infectious (Stiles et al, 1983). When TM 
was present for more than 6 hr, it com- 
pletely blocked the incorporation of label 
into virus protein bands (Fig. 1) indicating 
that metabolism of the labeled sugar was 
not significant under the stated experi- 
mental conditions. In addition, NOV pro- 

duced in the presence of TM from either 
IPLB-21 or TN-368 cells did not label with 
either sugar. The fact that all of the viral- 
induced glycoproteins were sensitive to TM 
indicates that they are glycosylated via iV- 
glycosidic bonds. 

Nine intracellular viral-induced glyco- 
proteins were identified when IPLB-21 cells 
were infected with AcNPV (Fig. 2). These 
glycoproteins appeared as early as 2 hr pi 
to as late as 14 hr pi. Once glycosylation 
of a viral protein began it continued 
throughout the course of the experiment 
(up to 28 hr pi). 

There are five published studies of 
[35S]methionine-labeled intracellular viral- 
induced proteins of either AcNPV or the 
closely related virus Trichopl~usia ni NPV 
in either S. f~*perda or T. rLi cells. Dis- 
crepancies in the number and time of ap- 
pearance of viral proteins between the 
various studies are undoubtedly due to 
factors such as different multiplicities of 
infection used (Maruniak and Summers, 
1981), masking of viral proteins by various 
host cell proteins, and varying amounts of 
radioactive label used. The intracellular 
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FIG. 6. AcNPV-occluded virus derived from TN-368 
cells labeled with NjaHJacetyIglucosamine. A, normal 
virus; B, virus produced in the presence of 10 pg/ml 
TM (same approximate amount of virus as in lane 
A). The approximate molecular weight (X10”) is in- 
dicated. The sample front in lane A also contained 
‘H label. 

glycoproteins identified in this study cor- 
responded to the [35S]methionine-labeled 
intracellular viral proteins identified in 
three of the five previous studies. Four 
viral-induced glycoproteins, the 81K, ‘75K, 
6’7K, and 62K, appeared slightly earlier 
when labeled with [YHJmannose than re- 
ported in p?S]methionine-labeling studies 
(Carstens et al., 1979; Dobos and Cochran, 
1980; Kelly and Lescott, 1981; Maruniak 

and Summers, 1981; Wood, 1980a). The 
other five viral proteins were observed to 
be glycosylated at approximately the same 
time as their synthesis was detected (iden- 
tified with pS]methionine (Carstens et ul, 
1979; Dobos and Cochran, 1980; Kelly and 
Lescott, 1981; Maruniak and Summers, 
1981; Wood, 1980a)). Following the virus 
development sequence scheme proposed by 
Wood (1980a) for AcNPV, four virus gly- 
coproteins (87K, 75K, 67K, and 62K) were 
identified during the early phase (2 to 8 hr 
pi). The other five glycoproteins were first 
observed to be glycosylated during the in- 
termediate phase (10 to 14 hr pi). 

FIG. 7. Surface iodination of AcNPV N( 
in IPLB-21 and TN-366 cells and AcNPV-occluded 
virus produced in TN-363 cells. Approximate molec- 
ular weights (X10.“) arc indicated, arrows mark the 
proteins. The * indicates surface proteins that are 
glycosylated. 
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A comparison of AcNPV intracellular 
glycoproteins produced in IPLB-21 cells 
with those produced in TN-368 cells at 24 
hr pi (Fig. 3) showed that the glycoprotein 
patterns were identical except that 8’7K and 
34K glycoproteins were not observed in TN- 
368 cells. The 87K glycoprotein may have 
been masked by a heavily labeled host gly- 
coprotein which had approximately the 
same mobility. The 34K glycoprotein was 
a very minor glycoprotein in IPLB-21 cells 
and we may simply have failed to detect 
it in the TN-368 cells. 

When the intracellular viral glycopro- 
teins are compared to the virus structural 
glycoproteins (Figs. 2-4 and Table 1) we 
see that 75K and 62K glycoproteins are 
strictly intracellular viral-induced glyco- 
proteins (produced in both cell lines). In 
addition, there were a number of structural 
glycoproteins which were not identified in 
the intracellular experiments. This may 
have been due to masking by host cell gly- 
coproteins of similar mobility, processing, 
or cleavage of some glycoproteins before 
their incorporation into virions, or they 
may represent a consistent contamination 
of NOV preparations by host cell glyco- 
proteins, 

Differences were observed between the 
glycoproteins of NOV derived from the two 
cell lines. Several animal virus glycopro- 
teins have been shown to have altered mo- 
bility in polyacrylamide gels when the vi- 
rus was grown in different host cells 
(Etchison et &, 1981; Keegstra and Burke, 
19’77; Simons and Garoff, 1980). The virus 
apparently uses the host’s unaltered gly- 
cosylation machinery; therefore, the same 
viral protein can undergo very different 
types of glycosylation depending upon the 
host cell. This may account for the differ- 
ences observed here although we may also 
be dealing with some contaminating host 
cell glycoproteins. 

Two previous studies have identified 
structural glycoproteins of the nonoccluded 
form of AcNPV. Goldstein and McIntosh 
(1980) reported observing one glycoprotein 
of an approximate molecular weight of 70K 
in NOV derived from either IPLB-21 or T. 
ni TN-CL1 cells. This glycoprotein un- 
doubtedly corresponds to the vpg 67 iden- 

tified as the major structural glycoprotein 
in this study. Maruniak (1979) observed 
four high molecular weight vpg’s which 
correspond to our vpg 115, vpg 85, vpg 82, 
and vpg 67. The lower molecular weight 
glycoproteins identified in this study were 
not reported by Maruniak. Possibly our 
procedure of adding label to infected cells 
at 10 hr pi after the virus has begun to 
suppress the host cell synthesis (Carstens 
et al, 1979) rather than at 0 hr pi (as did 
Maruniak (1979)) produces a more efficient 
labeling of the minor viral glycoproteins. 

When attempts were made to label the 
occluded virus glycoproteins, a single 42,000 
molecular weight band was observed only 
after labeling with N-acetylglucosamine (it 
did not label with mannose). This glyco- 
protein was also insensitive to TM treat- 
ment. We cannot at this time rule out the 
possibility that the 4-day labeling period 
used allowed the label to be metabolized 
and selectively incorporated into this 
structural protein. However, the fact that 
we did not see significant label transfer 
following shorter label periods and that 
the label showed up in a single occluded 
virus band suggests to us that this is a 
glycoprotein. In addition, its insensitivity 
to TM treatment and failure to label with 
[“HIman is presumptive evidence that this 
glycoprotein contains 0-glycosidic bonds 
(mannose is generally not present in O- 
glycosidic glycoproteins-Niemann and 
Klenk (1981)). These data are consistent 
with the unaltered infectivity of AcNPV 
OBs produced in the presence of TM (Stiles 
et UC, 1983a). 0-Glycosidic glycoproteins 
have been detected in several other animal 
viruses (Holmes et al, 1981; Niemann and 
Klenk, 1981; Shida and Dales, 1981). 

Maruniak (1979) and Dobos and Cochran 
(1980) reported 14 vpg’s and 6 vpg’s, re- 
spectively, in occluded AcNPV. In both 
studies the major vpg had a molecular 
weight of approximately 42K and was not 
labeled by [3H]man. The minor vpg’s may 
have been detected because these authors 
added the tritiated sugars at 0 hr pi. How- 
ever, this may also have allowed sufficient 
opportunity for the sugars to be metabo- 
lized before being incorporated into the vi- 
rus proteins. Interpretation of the results 
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from Dobos and Cochran (1980) are com- 
plicated by the fact that they added a small 
proportion of insect-derived occlusion bod- 
ies containing an alkaline protease to aid 
in the release of the virus from the occlu- 
sion body matrix protein, which may ac- 
count for the smaller number of glycopro- 
teins than reported by Maruniak. It has 
since been demonstrated that the oc- 
clusion-body-associated alkaline protease 
causes pronounced changes in the pattern 
of baculovirus structural (Wood, 1980a) 
and envelope proteins (Stiles et cd, 1983b). 

We have reported in this study the first 
attempt to identify the surface envelope 
proteins of the nonoccluded form of a bac- 
ulovirus using a lactoperoxidase iodination 
system (Hubbard and Cohn, 1972). We 
identified a total of 13 envelope proteins 
in the NOV derived from TN-368 cells (Fig. 
7). Twelve of these proteins were also iden- 
tified in NOV produced by IPLB-21 cells 
(Fig. 7). A majority of the NOV structural 
glycoproteins identified were also labeled 
by lactoperoxidase iodination (Table 1). 
These envelope glycoproteins are prime 

candidates for future studies of glycopro- 
tein involvement in viral attachment and 
penetration. The other glycoproteins iden- 
tified in this study may also be located 
within the viral envelope. Steric hindrance 
by the oligosaccharide side chains or a lack 
of tyrosine residues in the portions of the 
proteins exposed on the outer surface of 
the envelope may explain their lack of io- 
dination. Of the noniodinated glycoproteins 
only vpg 37 or 38 may correspond to one 
of the AcNPV nueleocapsid proteins which 
were identified by Summers and Smith 
(1978). 

Iodination of AcNPV released from TN- 
368 cell-derived occlusion bodies resulted 
in the labeling of 14 proteins-envelope 
proteins which have a portion of their mol- 
ecules exposed on the outer surface of the 
viral envelope. We cannot at this time be 
certain whether the 42K molecular weight 
glycoprotein identified corresponds to an 
envelope protein (either the 41K or 43K 
protein) or represents a capsid protein. 

In conclusion, we have identified the in- 
tracellular and virus structural glyeopro- 

TABLE 1 

COMPARISON OF INTRACELLULAR AND XOV STRLITURALGLYWPKOTEINS(GPS)OF 
AcNPV (1A CLONE)FROM IPLB-21 ANDTN-368 CELLS 

IPLB-21 Cells TN-363 CRllS 

Time Intracellular viral GPs Structural viral GPs Intracellular viral GPs Structural viral GPs 
(hr) (Mol wt x 10-3) (Mel wt x 1O-3) (Mol wt x W3) (Mel wt x 10. “) 

- - 125 - 125 
- - 11.5” - 115” 
- - - - 100 

8 87 E2i” - 85” 
- - 82” - 82” 

6 75 - 75 - 

2 67 67’ 67 67” 
8 62 - 62 - 

- - 43” - 43” 
- - - - 41” 
- - 38” - 38 
10 37 37 37 - 
14 36 36 36 - 
12 34 34O - - 

14 19 19” 19 19 
- - - 16 16” 

o Envelope glycoproteins labeled by lactoperoxidase-catalysed surface radioiodination. 
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teins of AcNPV. We found that TM treat- ETCHISON, J. R., ROBERTSON, J. S., and SUMMERS, 

ment inhibited the glycosylation of all of D. F. (1981). Host ceil-dependent differences in the 

the NOV glycoproteins. This lack of gly- oligosaccharide moieties of the VSV G protein. J. 

cosylation is presumably responsible for Gen ViroL 57, 43-52. 

the loss of infectivity of budded virus pre- GOLDSTEIN, N. I., and MCINTOSH, A. H. (1980). Gly- 

viously observed after treatment with TM 
coproteins of nuclear polyhedrosis viruses. Archiv. 

(Stiles et aZ., 1983a). The production of 
Vid 64, 119-126. 

H INK, W. F. 1970. Established insect cell line from 
noninfectious virus particles in the pres- the cabbage looper, %hoplu.~-io r&i Nature (Lo&m) 
ence of TM has been reported with several 226, 466-467. 

other virus systems (Roth d UC, 1979; HOLMES, K. V., DOLI~ER, E. W., and STURMAN, L. S. 

Stohrer and Hunter, 1979; Svennerholm et (1981). Tunicamycin resistant glycosylation of aco- 

ul., 1982). The demonstration that the ma- ronavirus glyeoprotein: Demonstration of a novel 

jority of NOV glycoproteins are located in type of viral glycoprotein. Viwkqq 115, 334-344. 

the viral envelope with portions of their HIJANG, R. T. C., ROTT, R., WAHN, K., KLENK, H. -D., 

molecules exposed to the environment sug- and KOIIAMA, T. (1980). The function of the neur- 

gests that the glycoproteins may be in- 
aminidase in membrane fusion induced by myxo- 

volved in the attachment and penetration 
viruses. Virology 107, 313-319. 

of the nonoccluded form of baculoviruses 
HUBBARD, A. L., and COHN, Z. A. (1972). The enzymatic 

iodination of the red cell membrane. J. Cell Bid 
in cell culture. The observed TM insensi- 55,3Yc-405. 

tivity of the single glycoprotein of the oc- HIIBBARD, S. C., and IVAN, R. J. (1981). Synthesis 

cIuded virus may explain the observation and processing of asparagine-linked oligosaccha- 

that tissue-culture-derived occlusion bod- rides. Anau. Rev. Bic&em. 60, 555-583. 

ies produced in the presence of TM are fully KEEGSTRA, K., and BURKE, D. (1977). Comparison of 

as infectious to T. ni larvae ~9 21-e control the carbohydrate of sindbis virus glycoproteins with 

occlusion bodies (Stiles et oo42-6822/83 $3.00 
host glycoproteins. J. Suyrclmol 
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