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To determine the particular intracellular steps in the glycosylation of the
vesicular stomatitis virus (VSV) glycoprotein that were altered in several lectin-
resistant CHO cell lines, VSV-infected parental and mutant cells were pulse-
labeled for 30 and 120 min with [3H]mannose and [3H]glucosamine. Cell-associ-
ated viral glycopeptides were analyzed by gel filtration combined with specific
glycosidase digestions and compared with the corresponding mature virion oli-
gosaccharides. The intracellular glycosylation of the VSV glycoprotein in a
mutant cell line resistant to phytohemagglutinin was identical to that in the
normal cells except for a complete block in processing at a specific step in the
final trimming of the oligomannosyl core from five to three mannoses. The results
demonstrated that a double-mutant cell line selected from the phytohemaggluti-
nin-resistant cells for resistance to concanavalin A had an additional defect in one
of the earliest stages of glycosylation, resulting in smaller precursor oligosaccha-
rides linked to protein.

The vesicular stomatitis virus (VSV)-infected
animal cell is an excellent experimental system
for elucidating the molecular and subcellular
mechanisms involved in the biosynthesis and
maturation of membrane glycoproteins because
VSV: (i) has an extremely wide host range; (ii)
shuts off host protein synthesis; and (iii) contains
a single, well-characterized species of glycopro-
tein (33). The VSV G polypeptide contains two
major glycosylation sites with complex "acidic"
oligosaccharides that are linked N-glycosidically
to asparagine (Fig. 1, top) (3, 15, 18, 20). The
biosynthesis and maturation of these oligosac-
charide moieties involve two major steps (8-10,
19, 28): (i) en bloc transfer of large oligomannosyl
cores from lipid-linked intermediates to the G
polypeptide in the rough endoplasmic reticulum;
and (ii) subsequent trimming of the oligoman-
nosyl core from nine to three mannoses and
addition of branch sugars (NeuNAc-Gal-
GlcNAc-) in the smooth endoplasmic reticulum/
Golgi membranes.
VSV has been used extensively as a specific

probe for altered protein glycosylation in human
cell lines from individuals with genetic diseases
with unknown biochemical defects (11, 23) and
in mutant cell lines selected for resistance to one
or more plant lectins (21, 22, 28). Previous com-
parative studies with one particular group of
lectin-resistant CHO cell lines demonstrated ma-
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jor alterations in the oligosaccharide moieties of
the mature virion-associated G protein that pre-
sumably reflected the biochemical deficiencies
of the particular mutant host cells (21; J. R.
Etchison and D. F. Summers, J. Supramol.
Struct. Suppl. 3:205, 1979). The asparaginyl-ol-
igosaccharide structures elucidated for VSV
grown in the parental cell line (CHO-Parent), a
single mutant resistant to phytohemagglutinin
(Pha) (CHO-Phar) and a double mutant resist-
ant to both Pha and concanavalin A (ConA)
(CHO-Phar ConA') are shown in Fig. 1.
The absence of branch sugars and the in-

creased number of mannose units (five versus
three) in the oligomannosyl core of the viral
oligosaccharides synthesized in the CHO-Phar
host cells were consistent with the deficiency in
a particular N-acetylglucosamine transferase in
these cells (16, 25) and the necessity of adding
the first branch N-acetylglucosamine before the
removal of the final two mannose units (27).
However, the biochemical defect(s) responsible
for the additional alteration in the oligomanno-
syl core of the viral oligosaccharides synthesized
in the CHO-Phar ConAr host cells could not be
predicted from the analysis of mature oligosac-
charides from purified virus.

In this study, VSV-infected CHO-Parent,
CHO-Phar, and CHO-Phar ConA cells were ra-
diolabeled for various time periods with [3H]-
mannose, and the cell-associated viral glycopep-
tides and oligosaccharides were analyzed and
compared with mature virion glycopeptides and
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FIG. 1. Structures of the carbohydrate moieties of the glycoprotein from VSV grown in the parental and

lectin-resistant CHO cell lines. The structure shown for the parental cell-derived viral oligosaccharides is
identical to that reported for the G protein of the New Jersey strain of VSV (18) and is consistent with the
structure reported for G from VSV (Indiana) (3, 21). The structures for the lectin-resistant cell-derived viral
oligosaccharides were previously described (21; Etchison and Summers, J. Supramol. Struct. Suppl. 3:205,
1979).

oligosaccharides from virus grown in the corre-
sponding host cells. The results of these experi-
ments demonstrated that the additional defect
in the double mutant (CHO-Phar ConAr) in-
volved smaller than normal precursor oligosac-
charides for the VSV G protein. In addition, the
results confirmed the previously observed alter-
ations in mature viral oligosaccharides and in-
dicated that the glycosylation of the G protein
in the single mutant (CHO-Phar) was identical
to that in the normal cells except for the com-
plete block of processing at a specific step in the
final trimniing of the oligomannosyl core.

MATERIALS AND METHODS
Celis, virus, and radioactive labeling. The CHO

parental and mutant cell lines were obtained from
Pamela Stanley, Albert Einstein College of Medicine.

The cells were grown in monolayer culture at 37°C in
Eagle minimal essential medium (KC Biological) con-
taining 10% fetal bovine serum (KC Biological) sup-
plemented with 40 mg of proline and 10 mg of each of
glycine, adenosine, and thymidine per liter. The pa-
rental cell line was Gat-2 (auxotroph requiring glycine,
adenosine, and thymidine). The mutant cell lines were
Gat- Phar' (clone selected from Gat-2 for resistance
to Pha) and Gat- Pharl ConArU3B (clone selected from
Gat-Phar' for resistance to ConA). Their nomencla-
ture and genetic characterization have been previously
described in more detail (24, 26). The names of the cell
lines have been shortened to CHO-Parent, CHO-Pha',
and CHO-Pha' ConA (21).
VSV (Indiana) was grown in HeLa S3 suspension

cultures or BHK-21 monolayer cultures and purified
as described previously (3, 9, 20). CHO cell cultures
were infected with approximately 10 PFU of purified
VSV per cell and radiolabeled at 4 h after infection
with 100 yCi of [2-3H]mannose per ml (Amersham
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Corp., Arlington Heights, Ill.; 2 Ci/mmol) in glucose-
deficient medium as previously described (8, 10). Ra-
diolabeled VSV was also purified from VSV-infected
CHO cells labeled overnight (3 to 20 h postinfection)
with 20 uCi of [2-3H]mannose per ml (10, 20).

Preparation and analysis of membrane glyco-
proteins. Radiolabeled glycoprotein was extracted
with n-butanol from Nonidet P-40 detergent-treated
virus and cell homogenates and digested with pronase
as described earlier (8, 10). Glycopeptides were ana-
lyzed by gel filtration through Bio-Gel P-4 (-400
mesh) columns along with various gel filtration
markers (8, 10). Glycopeptides were desalted on a
Sephadex G-15/G-50 column (10) before glycosidase
digestions.

Glycopeptides and oligosaccharides were digested
with exoglycosidases and endo-f,-N-acetylglucosamin-
idases as previously described (3, 8). Endo-fl-N-ace-
tylglucosaminidase H (endo-H) from Streptomyces
plicatus and the mixture of exoglycosidases and endo-
/B-N-acetylglucosaminidase D (endo-D) from Strepto-
coccuspneumoniae were provided by James Etchison,
University of Utah. Endo-H was also purchased from
Miles Laboratories (Elkhart, Ind.). The oligomannosyl
neutral cores and residual glycopeptide products of
endo-H and endo-D digestions were separated by pass-
ing the digests through a column of Dowex AG-X2
(formate) as described elsewhere (21). The elution
positions of various neutral oligomannosyl cores
(MannGlcNAc1) of known composition were used to
calibrate the Bio-Gel P-4 columns in the gel filtration
of endo-H and endo-D digestion products (3, 8, 21).

RESULTS
Viral glycoprotein from VSV-infected

CHO cells and released virus. The VSV G
protein was the only major radiolabeled species
observed after labeling of cells and virus with
[3H]mannose (Fig. 2). Both the cell-associated
and released virion glycoprotein from the two
lectin-resistant cell lines (CHO-Phar, CHO-Phar
ConAr) exhibited an increase in electrophoretic
mobility in sodium dodecyl sulfate-polyacryl-
amide gels compared with the glycoprotein from
the parental cells, as previously reported for
[3S]methionine and [3H]glucosamine-labeled G
protein from the same lectin-resistant cell lines
(21) or from a ricin-resistant CHO cell line with
a phenotype identical to that of CHO-Phar (22).
A minor radiolabeled glycoprotein with slightly
greater electrophoretic mobility than VSV G
protein was observed in some of the cell-associ-
ated samples. A similar species has been previ-
ously detected in VSV-infected HeLa cells (8,
10).
These observations were consistent with the

alterations in carbohydrate structures for the
mature viral glycoprotein shown in Fig. 1. Dif-
ferences in the electrophoretic mobility of gly-
coprotein from the corresponding VSV-infected
cells after a 30-min pulse-label with [3H]man-
nose were less significant (data not shown), sug-
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FIG. 2. Sodiumdodecylsulfate-polyacrylamidegel
electrophoresis of[3H]mannose-labeledpolypeptides
from VSV-infectedparental and lectin-resistant CHO
cells and released virus. Cell homogenates or viruses
were subjected to electrophoresis on a IO% polyacryl-
amide slab gel as previously described (9). Bands
corresponding to radiolabeled glycoproteins were de-
tected by fluorography of the dried gel (1). The label-
ing time and radioactive precursor are indicated
above each gel profile, and the source of the virus or
cell homogenate is indicated below.

gesting that the precursor oligosaccharides of
newly synthesized viral glycoprotein were simi-
lar in the three CHO cell lines.
Analysis of viral glycopeptides from

VSV-infected CHO-Parent and CHO-Phar
cells. To compare the intracellular biosynthesis
and maturation of the VSV glycoprotein oligo-
saccharides in the Pha-resistant cells and the
parental cells from which these mutant cells had
been derived, [3H]mannose-labeled glycopep-
tides were prepared from homogenates of VSV-
infected cells after different pulse-labeling pe-
riods and from purified virus labeled overnight.
Figure 3 shows the Bio-Gel P-4 elution profiles
of glycopeptides from the 30- and 120-min label-
ing of the VSV-infected CHO-Parent cells and
the corresponding released virus. Most of the
radiolabeled glycopeptides from the 30-min (Fig.
3A) and 120-min (Fig. 3B) labeled cells eluted in
two partially resolved peaks in the vicinity of
the '4C-labeled glycopeptide marker (fractions
60 through 75). Apparently higher-molecular-
weight, mature-size glycopeptides (S1 through
S3) increased in relative amount in the 120-min
sample compared with the 30-min sample. The
pronase digest of purified virus contained only
these mature-size glycopeptides (Fig. 3C).
When equal portions of these same glycopep-

tide samples were digested with endo-H (an
enzyme capable of cleaving between the two N-
acetylglucosamine residues proximal to the as-
paragine in mannose-rich, neutral oligosaccha-

J. VIROL.
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FIG. 3. Bio-Gel P-4 filtration of untreated and glycosidase-treated glycopeptides from [3H]mannose-
labeled VSV-infected CHO-Parent cells and released VSV. Glycopeptides from 30-min and 120-min radiola-
beled cells were analyzed either before (A,B) or after (D,E) treatment with endo-H. Glycopeptides from virus
radiolabeled overnight were analyzed either before (C) or after (F) treatment with endo-D and the exoglyco-
sidase mixture. The glycopeptides from released virus were insensitive to endo-H digestion (profile shown by
dotted line in F). The solid arrows indicate, from left to right, the peak elution positions of blue dextran 2000
(void volume; molecular weight, approximately 4,000 or greater), stachyose (molecular weight, 666), and
mannose (molecular weight, 180). The broken arrows indicate thepeak elution position ofMan5GlcNAc2ASN
(acetyl-"4C) and GIcNAc-ASN (acetyl-"4C) cochromatographed with the 3H-labeled glycopeptides. These '4C-
labeled structures were not reliable molecular weight markers because of the negative charge exclusion
property of Bio-Gel resins (3, 10). Si, S2, and S3 correspond to mature VSV glycopeptides (Fig. 1, top) that
differ in the amount of terminal sialic acid (2, 1, and 0 residues, respectively [3, 10]).

ride structures [29, 31]), radiolabel in the major

peaks of cell-associated glycopeptides was

shifted to lower-molecular-weight fractions (Fig.
3D, E).
As expected, the radiolabel in mature-size gly-

copeptides was unchanged in elution position
(Fig. 3D,E) and appeared in Si-, Sr, and S3-size
peaks similar to the endo-H-resistant glycopep-
tides from purified virus (Fig. 3F). These glyco-
peptides were shown to contain a small oligo-
mannosyl core (Man3GlcNAc1-size) after diges-
tion with a mixture of exoglycosidases and endo-

D, an enzyme with a specificity different from
that of endo-H (30) (Fig. 3F). These results were
essentially identical to those previously reported
for [3H]mannose-labeled viral glycopeptides
from VSV-infected HeLa and BHK cells (8, 10):
precursor oligosaccharides were the predomi-
nant radiolabeled structures linked to glycopro-
tein after pulse-labeling for 15 to 30 min, and a
mixture of precursor and mature oligosaccharide
structures was obtained after 60- to 120-min
labeling periods. In addition, the absence of sig-
nificant radiolabel in structures other than the

VOL. 35, 1980
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neutral oligomannosyl cores after exoglycosidase
and endo-D and endo-H digestions indicated
that essentially all of the 3H label incorporated
into viral protein was in the form of mannose.
The results of an analogous experiment with

viral glycopeptides from VSV-infected CHO-
Phar cells and purified virus released from these
cells are shown in Fig. 4, with the profiles of
endo-H-digested glycopeptides super-imposed
for the corresponding cell-associated and virion
samples from the CHO-Parent and CHO-Phar
host cells. Essentially all of the radiolabel in
viral glycopeptides from the CHO-Phar cells was
sensitive to endo-H, with the removal of the
peptide moiety confirmed by Dowex ion-ex-
change chromatography (data not shown).
The precursor oligosaccharides were appar-

ently identical for the viral glycopeptides from
the CHO-Parent and CHO-Phar cells (Fig. 4A).
After 120 min of labeling, mature SI-S3-size gly-
copeptides accumulated in the CHO-Parent
cells, but only the intermediate-size oligoman-
nosyl cores accumulated in the CHO-Phar cells.
These Man5GlcNAc1-size oligosaccharides were
the only major species present in the endo-H
digest of glycopeptides from purified virus re-
leased from the CHO-Phar cells (Fig. 4C). No
significant amount of radiolabel accumulated
between the precursor- and mature-size oligo-
mannosyl core structures in the virus-infected
CHO-Phar cells or in smaller oligomannosyl
cores in the virus-infected CHO-Parent cells.
Comparison of viral glycopeptides from

VSV-infected CHO-Phar ConAr and CHO-
Phar cells. The glycopeptides from 30- and 120-
min [3H]mannose-labeled CHO-Phar ConAr
cells and purified virus were analyzed in a man-
ner identical to the analysis of the corresponding
glycopeptides from the other VSV-infected CHO
cells. Obvious differences in the gel filtration
profiles for the VSV-infected CHO-Phar and
CHO-Phar ConAr samples were observed when
the profiles of endo-H-digested glycopeptides
from the corresponding cell-associated and vir-
ion samples were superimposed by alignment of
the gel filtration column markers (Fig. 5). A
comparison with the profiles of the untreated
glycopeptides (data not shown) indicated that
the CHO-Phar ConAr cells were also devoid of
larger, endo-H-resistant glycopeptides. The elu-
tion positions of the major species of virion
oligosaccharides (Fig. 5C) were the same as neu-
tral oligomannosyl cores (Man.GlcNAcl) with
five and four mannose units, respectively, for the
CHO-Phar and CHO-Phar ConAr host cells, as
previously reported for [3H]- and ['4C]glucosa-
mine-labeled glycopeptides from VSV grown in
these same lectin-resistant cell lines (21).

J. VIROL.

The most important difference was the
smaller size of the predominant radiolabeled
peak from the endo-H-digested, 30-min radiola-
beled glycopeptides of the CHO-Phar ConAr
cells (Fig. 5A). This result indicated that the
precursor oligomannosyl core structures were
smaller than normal by several hexose units.
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FIG. 4. Comparison of Bio-Gel P-4 gel filtration

profiles ofendo-H-treated, [3H]mannose-labeledgly-
copeptides from VSV-infected CHO-Parent and
CHO-Phar cells and released virus. Profiles of VSV-
infected CHO-Parent glycopeptides ( ) and VSV-
infected CHO-Phar glycopeptides (-----) were super-
imposed by alignment of thepeak elution positions of
the five column markers. (A) 30-min radiolabeled cell-
associated glycopeptides; (B) 120-min radiolabeled
cell-associated glycopeptides; (C) glycopeptides from
released virus. The profiles of both the endo-H-re-
sistant glycopeptides (-. - ---) and endo-D and exo-
glycosidase-digested glycopeptides ( ) from VSV
grown in the CHO-Parent cells are shown in (C).
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FIG. 5. Comparison of Bio-Gel P-4 gel filtration

profiles of endo-H-treated [3H]mannose-labeled gly-
copeptides from VSV-infected CHO-Pha' and CHO-
Phar ConAr cells and released virus. Profiles from
VSV-infected CHO-Phar glycopeptides (----- ) and
VSV-infected CHO-Phar ConAr glycopeptides (-)
were superimposed by alignment of the peak elution
positions of the five column markers. (A) 30-min ra-

diolabeled cell-associated glycopeptides; (B) 120-min
radiolabeled cell-associated glycopeptides; (C) gly-
copeptides from released virus.

With the longer labeling period, the relative
amount of radiolabel in these precursor oligosac-
charides decreased and the relative amount in
mature virion-size oligosaccharides increased for
both the CHO-Phar and CHO-Phar ConA sam-
ples. These studies and additional studies with
[3H]glucosamine-labeled VSV-infectedCHO cell
glycopeptides (data not shown) suggested that
the additional defect(s) in the VSV-infected
CHO-Phar ConA' cells that resulted in a smaller
mature oligosaccharide for the VSV G protein
(Man4GlcNAc2-ASN versus Man5GlcNAc2-ASN
in CHO-Pha' cells) was in the initial rather than

in later stages of glycosylation when mannose
trimming was completed.
The presence or absence of terminal glucose

may have been responsible for heterogeneity in
the precursor oligosaccharides linked to viral
protein in the different VSV-infected CHO cells,
since removal of glucose occurs soon after trans-
fer of the complete precursor oligosaccharide
(Glc3Man9GlcNAc2) from lipid to protein (7, 14,
19, 28). To better examine this possible hetero-
geneity, the analyses of the endo-H-digested
samples from the 30-min VSV-infected CHO
cells were repeated on a newer Bio-Gel P-4
column that was capable of improved resolution
of a series of neutral oligosaccharide species
(Man0GlcNAc1, with n = 3 to 9). The precursor
oligosaccharides from both the CHO-Parent and
CHO-PhaT cells eluted from the column as a
doublet that was consistent in size with the
Glc,Man9GlcNAc, and Man9GlcNAc, oligosac-
charides demonstrated elsewhere (7) to be the
major products of endo-H-digested glycopep-
tides from chicken embryo fibroblasts after sim-
ilar [3H]mannose labeling for 30 min (Fig. 6A,
B).
A corresponding doublet was also observed in

the gel filtration profile of the viral oligosaccha-
rides from the CHO-Phar ConAK host cells (Fig.
6C), with both the larger and smaller of the
two peaks eluting after the two size classes of
precursor oligosaccharides from the CHO-Par-
ent and CHO-Phar cells. The gel filtration prop-
erties ofthese smaller precursor oligosaccharides
were consistent with Man7GlcNAc, for the
smaller species and either Glc,Man7GlcNAc, or
Man5GlcNAc, for the larger species.

DISCUSSION
The gel filtration analysis of [3H]mannose gly-

copeptides from VSV-infected CHO parental,
CHO-Phar, and CHO-Phar ConAr cell lines has
permitted a clearer understanding of the defects
in intracellular glycosylation processes that re-
sult in the previously described alterations (21)
in the asparagine-linked oligosaccharide moie-
ties of the VSV glycoprotein. The comparisons
of cell-associated viral glycopeptides and re-
leased virion glycopeptides confirmed the pre-
viously determined mature viral oligosaccharide
structures shown in Fig. 1. Furthermore, the
results demonstrated the absence of viral oligo-
saccharides in the lectin-resistant cells that were
more fully processed than the mature oligosac-
charides associated with virus released from
these cells. The absence of branch sugars char-
acteristic of complex acidic oligosaccharides
(NeuNAc-Gal-GlcNAc-) and the presence of the
larger oligomannosyl core (five versus three
mannoses) in the mature oligosaccharides asso-

VOL. 35, 1980
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FIG. 6. Bio-Gel P-4gelfiltration ofendo-H-treated

glycopeptides from 30-min [3H]mannose-labeled,
VSV-infected parental and lectin-resistant CHO
cells. The three samples (A-C) correspond to the
samples displayed previously in Fig. 4A and 5A. The
gel filtration standards (minus lower-molecular-
weight "4C-labeled marker) were identical to those in
Fig. 3, but the column waspoured from a newer batch
of Bio-Gel P-4 and displayed increased resolution of
endoglycosidase-released neutral oligosaccharides
(Man,GlcNAcj).

ciated with both the infected CHO-Phar cells
and released virus were consistent with the de-
ficiency in the specific N-acetylglucosamine
transferase (16, 25) being the only biochemical

defect in these cells. An apparently identical
biochemical defect has been demonstrated in a
ricin-resistant CHO cell line designated "clone
15B" (5). Studies with clone 15B and normal
cells indicated that the removal of the final two
mannose units from the VSV asparaginyl oligo-
saccharides was coupled to the addition of the
first branch N-acetylglucosamine by this specific
transferase (27).
The most important result of the experiments

presented here is the assignment of the addi-
tional defect in the VSV-infected CHO-Phar
ConAr cells to a smaller precursor oligomannosyl
structure for the viral glycoprotein, as opposed
to an additional a-mannosidase activity in the
final stage of processing suggested elsewhere
(27). From the results presented here, one can-
not conclude whether the defect is in the actual
synthesis of a smaller precursor oligosaccharide
or in aberrant early processing of a normal pre-
cursor oligosaccharide. More recent and detailed
studies with both the lipid-linked and peptide-
linked precursor oligosaccharides of the corre-
sponding uninfected CHO cell lines were under-
taken to resolve this question and have demon-
strated that the defect in the CHO-Phar ConAr
cells is the synthesis and transfer to protein of
smaller (seven versus nine mannoses) precursor
oligosaccharides (L. A. Hunt, manuscript sub-
mitted for publication). These newer studies also
indicated that the major species of protein-
linked precursor oligosaccharides from 30-min
[3H]mannose-labeled CHO cells were identical
in endoglycosidase sensitivity and gel filtration
properties to the viral glycopeptides in these
studies and had the following composition:
Glco1Man7GlcNAc2-ASN for the CHO-Phar
ConAr cells and Glco1Man9GlcNAc2-ASN for
the CHO-Parent and CHO-PhaT cells.
Although the exact biochemical defect respon-

sible for the smaller precursor oligosaccharides
is not known at present, one logical explanation
is the absence of a specific a-1,6-mannosyltrans-
ferase. This idea is based upon the difference
between the mature viral oligosaccharides for
VSV grown in the CHO-Phar versus CHO-Phar
ConAr cells (Fig. 1) and the presumed absence
of the specific a-1,6-linked mannose from the
precursor as well as mature oligosaccharides
from the VSV-infected CHO-Phar ConAr cells.
The biochemical defect(s) in another CHO mu-
tant cell line selected in the first step for resis-
tance to ConA seems to be distinct (12), because
the CHO-Phar ConAr mutant can complement
this CHO-CoriAr mutant in cell hybridization
studies (26). The altered precursor oligomanno-
syl structures in the VSV-infected CHO-Phar
ConA cells (endo-H sensitive) are obviously dif-
ferent from these found in a mutant murine

J. VIROL.
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lymphoma cell line with a ConA-resistant phe-
notype (five mannoses and endo-H resistant) (2,
32).
The processing of the oligosaccharides of the

viral glycoprotein in the [3H]mannose-labeled
VSV-infected CHO-Parent cells was essentially
identical to that observed earlier for VSV-in-
fected HeLa and BHK cells (8): the trimming of
mannoses from the precursor oligomannosyl
core and the addition of N-acetylglucosamine,
galactose, and sialic acid occurred almost simul-
taneously, so that no significant amount of ra-
diolabel was observed in partially trimmed, in-
termediate structures (Fig. 3). This was different
from experimental results reported elsewhere for
VSV-infected chicken embryo fibroblast cells, in
which significant amounts of an intermediate
structure (Mam5GlcNAc2-peptide) were ob-
served in addition to the precursor glycopeptides
with large oligomannosyl cores and mature Si-
S3-size glycopeptides (7). Once the trimnming of
the precursor oligomannosyl core structures for
the VSV G protein was initiated in the CHO
cells, the mannose removal proceeded rapidly to
completion until blocked in the two lectin-re-
sistant cell lines by the N-acetylglucosaminyl-
transferase defect, since little or no [3H]mannose
label was observed in oligosaccharides interme-
diate in size between oligomannosyl precursor
and four- to five-mannose mature structures
(Fig. 5 and 6). The small amount of intermedi-
ate-size structures in the 30- and 120-min labeled
double-mutant cells might be explained by a
possible alteration in the rate and completion of
mannose removal caused by the altered precur-
sor core structure, or by a background of radio-
labeled cellular glycoprotein that possessed ma-
ture neutral oligosaccharides with five to six
mannoses.
One major question left unanswered by these

investigations is the function of the multiple and
elaborate steps of oligosaccharide biosynthesis
and processing for membrane glycoproteins such
as the VSV G protein. Major alterations in the
processing and final composition of the viral
oligosaccharides can occur without significant
differences in the efficiency of viral assembly or
the infectivity of the resulting viral particles (21,
22). In studies where the addition of oligosac-
charides was completely eliminated by the ad-
dition of tunicamycin, the nonglycosylated G
protein was relatively insoluble and was incor-
porated into mature infectious virions with a
greatly reduced efficiency, but the resulting vir-
ions were just as infectious as those containing
fully glycosylated G protein (4, 13). Some signif-
icance for specific oligosaccharide structures and
processing in the interactions of cells with en-
veloped animal viruses has been suggested, how-

ever, in two more recently published studies
with lectin-resistant cell lines: the clone 15B
ricin-resistant CHO cell line (equivalent in phe-
notype to the CHO-Phar cells) was relatively
insensitive to fusion induced by Newcastle dis-
ease virus (17); and two different ricin-resistant
mouse L cell lines were restricted in their ability
to replicate Sindbis and Semliki Forest viruses
(6).
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