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The glycoproteins of several enveloped viruses, grown in a variety of cell types,
are labeled with 3sSO,-2, whereas the nonglycosylated proteins are not. This was
shown for the HN and F glycoproteins of SV, and Sendai virus, the El and E2
glycoproteins of Sindbis virus, and for the major glycoprotein, gp69, as well as for
a minor glycoprotein, gp52, of Rauscher leukemia virus. The minor glycoprotein
of Rauscher leukemia virus is more highly sulfated, with a ratio of 15SO.-
[H]glucosamine about threefold greater than that of gp69. The G protein of
vesicular stomatitis virus was labeled when virions were grown in the MDBK line
of bovine kidney cells, although no significant incorporation of 3SO-2 into this
protein was observed in virions grown in BHK21-F line of baby hamster kidney
cells. In addition to the viral glycoproteins, sulfate was also incorporated into a
heterogeneous component with an electrophoretic mobility lower than that of any
of the viral proteins in polyacrylamide gel electrophoresis. For virions doubly
labeled with 31SO,-2 and [3H ]leucine, this component had a much greater 3"S-_H
ratio than any of the viral polypeptides and thus could not represent aggregated
viral proteins. This material is believed to be a cell-derived mucopolysaccharide
and can be removed from virions by treatment with hyaluronidase without
affecting the amount of sulfate present on the glycoproteins.

A common property of enveloped viruses is
the presence of glycoproteins on the exterior of
their lipoprotein envelopes. Glycosylation has
been shown to occur on cytoplasmic membranes
(6, 10) and involves the stepwise addition of
sugars which are probably added by cellular
transferases in a cell-determined sequence.
Often, the acidic sugar N-acetylneuraminic
acid is present as a terminal residue on the
carbohydrate side chains, thus contributing
negative charge to the glycoproteins, and conse-
quently to the virion surface (3, 16, 18). The
myxo- and paramyxoviruses contain the enzyme
neuraminidase as an integral component of
their envelopes and thus do not contain any
neuraminic acid (13, 14, 15, 23). Nonetheless,
the exterior of the influenza virus is known to be
anionic (20). We have recently reported that the
influenza virion glycoproteins are sulfated and
thus possess strongly acidic groups at their
periphery (7a). The present results demonstrate
that incorporation of "jSO 2 into glycopro-
teins occurs as well with virions of the para-
myxo, rhabdo, toga, and oncorna groups, and
therefore seems to be a general characteris-
tic of enveloped viruses. In all cases, as was ob-
served previously for influenza virus, the label
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was also incorporated into a highly sulfated
component with a lower electrophoretic mobil-
ity than any of the viral polypeptides, which has
been tentatively identified as a host cell-derived
sulfated polysaccharide which binds to and co-
purifies with the virions.

MATERIALS AND METHODS

Cells. The MDBK line of bovine kidney cells and
the BHK21-F line of baby hamster kidney cells were
grown according to previously described procedures
(5, 11). JLS-V9 cells chronically infected with
Rauscher leukemia virus (RLV) were obtained from J.
J. McSharry and were grown in RPMI-1640 medium
or in reinforced Eagle medium (2) supplemented with
10% calf serum. Primary chicken embryo fibroblasts
were prepared from 10-day-old embryos and were
grown in lactalbumin hydrolysate medium.

Viruses. SV, was grown in MDBK cells (24), as
were Sendai virus (25) and the WSN strain of
influenza virus (7). Vesicular stomatitis virus (VSV)
was grown in BHK21-F cells (18) or in MDBK cells
under similar conditions. Sindbis virus was grown in
primary chicken cells by inoculating at a multiplicity
of - 1 PFU/cell and harvesting the medium after 20 h.
RLV was obtained from chronically infected JLS-V9
cells. All viruses were labeled in reinforced Eagle
medium with 2% calf serum, containing 1 to 3 sCi of
['HJleucine per ml and 25 to 50 MCi of "SO,-Q2 per ml,
for a period of 18 to 24 h, and purified as described
previously, using precipitation with polyethylene gly-
col (PEG) and equilibrium zonal centrifugation in a
potassium tartrate density gradient (7, 17). RLV was
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first purified on a continuous 15 to 60% sucrose gra-

dient followed by a 5 to 40% tartrate gradient.
Hyaluronidase treatment of virions. Purified vi-

rions were dialyzed against 0.01 M sodium phosphate
buffer (pH 7.2) and treated with bovine hyaluronidase
at a final concentration of 1 mg/ml for 2 h at 37 C. The
virions were repurified by banding on a tartrate
gradient.

Triton fractionation of VSV. A modification of
the procedure of Kelley et al. (12) was used. Purified
virions were treated in 0.01 M phosphate buffer with
2% Triton X-100 for 20 min and pelleted at 30,000 rpm
for 30 min. The glycoprotein was isolated from the
supernatant by treatment with 10 volumes of n-

butanol for 30 min followed by pelleting at 2,000 rpm
for 20 min. The pellet was rinsed with anhydrous
ether to remove residual n-butanol and was redis-
solved in phosphate buffer for analysis by polyacryl-
amide gel electrophoresis (PAGE).

Polyacrylamide gel electrophoresis. Samples in
0.005 M sodium phosphate, 1% sodium dodecyl sul-
fate (SDS), and 1% ,B-mercaptoethanol were boiled for
1 min at 100 C (19). Ten percent acrylamide, 0.2%
N,N'-methylenebisacrylamide gels containing SDS
were used and were prepared as described by Caliguiri
et al. (4). Processing of gels for determination of
radioactivity was done as described previously (6).
Sugar assays. Sugar assays were performed as

described by Dische (8). Hexose was assayed by
reaction with indole and sulfuric acid, using glucose
as the standard. Hexuronic acid was assayed by the
carbazole-sulfuric acid method, using heparin as

standard.
Chemicals and isotopes. [4,5- 3H ]leucine and

"6SO,-' were obtained from Schwarz/Mann, Orange-
burg, N.Y. [3Hlglucosamine was obtained from New
England Nuclear, Boston, Mass. Components for
polyacrylamide gels were obtained from Canal Indus-
trial Corp., Rockville, Md. Hyaluronidase was ob-
tained from Miles-Seravac, Berkshire, England.
TPCK-treated trypsin was obtained from Worthing-
ton Biochemical Corp., Freehold, N.J. RPMI-1640
medium was obtained from GIBCO, Grand Island,
N.Y.

RESULTS

Further characterization of host cell-
derived sulfated components of influenza
virions. We have previously reported that influ-
enza virions grown in the presence of 35SO4-2
contain label incorporated into the viral glyco-
proteins as well as into a highly sulfated mate-
rial of low electrophoretic mobility which has
been tentatively identified as a cellular-derived
sulfated polysaccharide (7a). The latter com-

ponent can be removed from the virions by
treatment with trypsin, whereas the sulfate
incorporated into the HA, and HA2 glycopro-
teins is unaffected. Treatment of virions with
the enzyme hyaluronidase results in a simila.
effect. After repurification on a tartrate gradient
the virions obtained did not contain the sul-

fated polysaccharide, whereas the amount of
sulfate present in the HA, and HA2 glycopro-
teins did not change. The PAGE pattern of
these virions appeared identical with that ob-
tained for virions after trypsin treatment (Com-
pans and Pinter, Virology, in press). However,
when enzyme-treated virions were analyzed
without repurification to examine the poly-
acrylamide gel patterns of the released poly-
saccharide products, a marked difference in
the size of the fragments produced was found.
Figure 1 shows the gel patterns obtained for
untreated virions (A), virions treated with
trypsin (B), and virions treated with hyal-
uronidase (C). Whereas the 3"S labeling pat-
tern for the trypsin-treated virions is quite
similar to that of the control, the pattern
obtained for the hyaluronidase-treated virions
differs in that essentially all of the sulfated
polysaccharide has been removed from the gel.
The label associated with the glycoproteins is
unaffected, and otherwise the pattern appears
identical to the one obtained by trypsin treat-
ment. These results indicate that the sulfated
polysaccharide is extensively degraded by hya-
luronidase, but that the molecular weight of the
polysaccharide is not markedly altered by tryp-
sin treatment despite the fact that trypsin
treatment, followed by rebanding, results in its
removal from the virion (Compans and Pinter,
Virology, in press).

After repurification of the trypsin or hyaluron-
idase-treated virions on tartrate density gradi-
ents the released polysaccharide is found at the
top of the gradients and thereby can be isolated
from the virions. The material released in this
manner by trypsin treatment was analyzed for
hexose and hexuronic acid, and the ratio of
hexose to hexuronic acid was 10:1. These results
indicate that hexuronic acid is only a minor
component of the total carbohydrate.
A reconstruction experiment was carried out

to determine whether sulfated macromolecules
secreted by MDBK cells would bind to virions
in vitro. Influenza virus, grown in MDBK cells
and labeled with [8H]leucinre, was mixed before
purification with culture fluids of uninfected
MDBK cells labeled for the same period with
3SO4-2. After incubation for 3 h at 37 C the
virions were purified by PEG or ammonium
sulfate precipitation followed by banding in a
tartrate gradient. The resulting virus band
contained both 'H and 35S labels. Analysis by
PAGE showed that the 35S label was associated
with a heterogeneous material migrating
throughout the first 30 fractions of the gel, which
appears similar to the sulfated polysaccharide
associated with virions grown in the presence of
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ANA, s grown in the presence of 36SO4-2. In the former
p A case, purification of the virions by high-speed

oll4. pelleting in place of PEG or ammonium sulfate
precipitation resulted in the removal of 90% of
the JS counts, whereas in the latter case

4'n l X 0 pelleting does not remove the polysaccharide.
Sulfate incorporation into paramyxovi-

ruses. To determine whether sulfated macro-
molecules were present in other enveloped

0
.$ O viruses, we analyzed virions of other major

a' 2>o^' 12 groups by PAGE. The paramyxovirus SV,
?I.0/k tcontains five major polypeptides, two of whichV.z0 ;,fO O_ are glycoproteins (13, 24). The gel pattern

so n ...obtained for SV, virions doubly labeled with
B ['H ]leucine and "SOj,I is shown in Fig. 2A. All

five polypeptides are resolved, and the only
I6 46 polypeptides which are labeled by 86SO,2 are

the two glycoproteins HN and F (24). The other
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three nonglycosylated polypeptides do not con-
tain any of the sulfate label. For SV,, as with
influenza virus, a large amount of the sulfate
label was present in a heterogeneous peak found
near the origin of polyacrylamide gels. This
material contained very small amounts of
amino acid label and appears similar to the
sulfated polysaccharide present on influenza
virions (Compans and Pinter, Virology, in
press). Treatment of purified SV, virions with
hyaluronidase, followed by repurification on a
tartrate gradient, resulted in the quantitative
removal of this material (Fig. 2B). The ['H]leu-
cine pattern is unchanged and the sulfated
material near the origin of the gel is absent,
whereas the sulfate label remains associated
with glycoproteins.

Similar results were obtained for Sendai virus
grown in MDBK cells. The sulfate label was
associated with glycoproteins HN and F (25),
whereas the nonglycosylated proteins did not
contain any sulfate label. A significant amount
of sulfate was found associated with the mate-
rial migrating near the origin of the gel as was
found for SV, and influenza virions, and this too
was removed by hyaluronidase.

Sindbis virus. The polypeptides of Sindbis
virus grown in primary chicken embryo cells are
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shown in Fig. 3. Two peaks labeled with ['H ]leu-
cine are resolved, the smaller one corresponding
to the nonglycosylated nucleocapsid protein
and the larger one to the two envelope proteins,
El and E, (26). Again, a large amount of sulfate
label is found associated with the material
remaining near the origin of the gel. As was the
case with the myxo- and paramyxoviruses, this
fraction contained very little ['H Ileucine label.
VSV. We have investigated the incorporation

of 35SO-2 into VSV grown in both BHK21-F
cells and in MDBK cells. VSV contains three
major proteins, a glycoprotein of molecular
weight 69,000 which constitutes the surface
spikes, the nucleoprotein of molecular weight
50,000, and the membrane protein of molecular
weight 29,000. There are also two minor pro-
teins, L and NS, which are also nonglycosylated
(29).
The PAGE patterns obtained for VSV doubly

labeled with [H ]ileucine and 3"SO4- 2 in
BHK21-F and MDBK cells were similar. Vi-
rions from both cell lines had a similar ratio of
total "ISO4- 2 to ['H ]leucine, and, in both cases,
the vast majority of 35S counts migrated near
the origin of polyacrylamide gels in a peak that
was very intense and broad and interfered with
the resolution of the glycoprotein. Hyaluroni-
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FIG. 3. PAGE pattern of SDS-dissociated Sindbis virions grown in chicken embryo fibroblasts labeled with 1
MCi of [4.5-'H]leucine per ml (0) and 50 uCi of 3SO4-2per ml (@).
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dase treatment resulted in the removal of this
material; however, it also resulted in the loss of
a significant fraction of the glycoprotein mole-
cules, apparently due to the sensitivity of the
VSV glycoprotein to a protease impurity pres-
ent in the hyaluronidase preparation. To deter-
mine whether in fact 35SO-4 was incorporated
into the VSV glycoprotein it was necessary to
isolate the glycoprotein before analysis by
PAGE.
The glycoprotein was purified using a modifi-

cation of a published procedure involving ex-
traction with Triton X-100 followed by pelleting.
(12). The resulting supernatant contained only
the glycoprotein, whereas the other viral pro-
teins, as well as the cellular-derived sulfated
material, were found in the pellet. Figure 4
shows the PAGE patterns obtained for the
purified glycoproteins. For virus grown in
MDBK cells, an appreciable amount of sulfate
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FIG. 4. PAGE patterns of VSV glycoprotein puri-
fied by Triton X-100 fractionation. Virions were
labeled with 2 ,Ci of [4,5-3H]leucine per ml (0) and
50 yCi of "1SO,-2 per ml (0). (A) Glycoprotein of VSV
grown in MDBK cells. (B) Glycoprotein of VSVgrown
in BHK21-F cells. The small peak in A preceding the
glycoprotein probably represents a degradation prod-
uct of the glycoprotein.

was found associated with the glycoprotein,
whereas for virus grown in BHK21-F cells no
significant incorporation was found. In contrast,
significant incorporation of sulfate into the
glycoproteins was previously found (Compans
and Pinter, Virology, in press) for influenza
virions grown in BHK21-F cells.
Rauscher leukemia virus. The PAGE pat-

terns obtained for RLV isolated from JLS-V9
cells were similar to previously published pat-
terns (reviewed in Tooze [28]). Bands corre-
sponding to major viral proteins gp69, p30, p15,
p12, and plO were obtained using Coomassie
blue-stained gels or virus labeled with 'H-
labeled amino acids. For virus labeled with
"SO,-' two sulfate-containing proteins were
observed (Fig. 5); the major sulfated protein
corresponded to the major glycoprotein of RLV,
gp69, and the minor sulfated component corre-
sponded to a smaller polypeptide. A similar
component has been identified in some previous
reports as a minor glycoprotein by virtue of its
incorporation of ['H ]glucosamine, and esti-
mates of its molecular weight have varied in the
literature from values of 42,000 (21) to 60,000
(22). A value for the molecular weight of this
component of 52,000 ± 2,000 was arrived at by
coelectrophoresis on 10% polyacrylamide gels of
3"5SO4-labeled RLV with [3HIleucine-labeled
WSN strain influenza virus. The molecular
weight of the larger glycoprotein was estimated
to be 69,000 ± 1,000, in agreement with other
reports (1).
When RLV samples labeled separately with

[3H]glucosamine and 3"SO,-2 were analyzed by
coelectrophoresis, the glucosamine and the sul-
fate-containing peaks were coincident (Fig. 6).
The percentage of sulfate versus glucosamine
was -2.5-fold greater for gp52 than for gp69.
This could be an indication of a different
carbohydrate composition for the two glyco-
proteins. For RLV, as was found with the other
viruses studied, an appreciable amount of the
sulfate label was found associated with the
material migrating near the origin of the poly-
acrylamide gels.

DISCUSSION
We have previously demonstrated that the

glycoproteins of influenza virions are sulfated,
whereas the nonglycosylated components are
not (Compans and Pinter, Virology, in press).
The present results demonstrate that sulfation
of glycoproteins appears to be a general charac-
teristic of enveloped viruses. Members of five
different major groups have been studied, and
in each instance the glycoproteins are labeled
with 3"SOs-2, whereas the carbohydrate-free

- -
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FIG. 5. PAGE pattern of RLVgrown in JLS-V9 cells. Virions were labeled with 2 MCi of [4,5-3H]leucine per
ml (0) and 50 ACi of 35SO4-2 per ml (0).
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labeled RLV (0).
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proteins are unlabeled. A major nonstructural
glycoprotein in herpesvirus-infected cells has
also been shown to contain sulfate (9). The
extent of sulfation varies for different cell types;
more sulfate is incorporated into the glyco-
proteins of influenza virions when grown in
MDBK cells than when grown in BHK21-F cells
(Compans and Pinter, Virology, in press), and
no appreciable "ISO,-2 is found in VSV grown
in BHK21-F cells. However, sulfation occurred
to an appreciable extent in the other cases
studied.
Evidence that the sulfate is covalently bound

to the glycoproteins is provided by the fact that
for all of the viruses studied the 3504-2 label
migrates with the glycoproteins after a variety
of dissociation and purification techniques.
This was true as well for different viruses grown
in the same cell type. We have previously shown
for influenza virus that the sulfate label on the
glycoproteins can be recovered after acid hy-
drolysis as free sulfate (Compans and Pinter,
Virology, in press) indicating that it is in the
form of a sulfoester, presumably of one or more
of the sugar components of the carbohydrate
side chains. The relative amounts of 35SO4-2 to
[3H ]glucosamine for the various glycoproteins of
the myxo- and paramyxoviruses remained fairly
constant. This was not the case for the two
RLV glycoproteins, as gp52 was found to con-
tain a two- to threefold greater "ISO4- 213H-
glucosamine ratio than did the major glycopro-
tein. This difference in extent of sulfation may
be an indication of a different carbohydrate
composition and structure for the two glyco-
proteins, or it may indicate that the orientation
of the glycoprotein relative to the viral surface
plays a role in determining to what extent
sulfation occurs.
The fact that VSV grown in BHK21-F cells

did not incorporate detectable amounts of
35SO-2 into the viral glycoprotein, while the
same glycoprotein did incorporate the label
when the virus was grown in MDBK cells,
indicates that even for proteins containing the
appropriate receptor sites sulfation need not
always occur. Thus, under the labeling condi-
tions described, the absence of "SO-2 incorpo-
ration does not conclusively indicate the lack of
carbohydrate on a given protein. The specific
transferases involved in sulfation are probably
cellular enzymes, and thus one might expect
considerable variation in the activities of these
factors in different cell lines. Furthermore,
sulfation may require certain carbohydrate
components or sequences, which may be absent
for some glycoproteins in a given cell line. A
direct relationship between sulfation and the

presence or absence of N-acetylneuraminic acid
residues was not observed, since sulfate was
incorporated into viruses which contained this
sugar as well as into those which did not.
Our results also indicate that the highly

sulfated component found near the origin of
SDS-polyacrylamide gels of influenza virus is
present in all viruses from a variety of cell lines
studied. The material has been tentatively iden-
tified as a cellular polysaccharide with a high
affinity for the virions, and the present work
further corroborates that description. We have
previously shown that this material can be
labeled before viral infection and that it is
located on the virion suface where it is accessi-
ble to proteases (Compans and Pinter, Virology,
in press). The association of this sulfated poly-
saccharide with virions is quite strong and it
was present in virus preparations purified by a
variety of means, including PEG or ammonium
sulfate precipitation followed by banding on
either sucrose or potassium tartrate gradients.
The reconstruction experiments described in
this paper indicate that a component with
electrophoretic properties similar to the sul-
fated polysaccharide is produced by uninfected
cells and binds rapidly to the virions.
The sulfated polysaccharide found with Sen-

dai virus may be identical with an acidic,
glucosamine-containing component of low elec-
trophoretic mobility which has recently been
isolated from Sendai virions (27).
Treatment of the virions with hyaluronidase

followed by rebanding resulted in the removal of
the sulfated polysaccharide. The effect of hyalu-
ronidase is distinct from that of trypsin, since
the electrophoretic mobility of the polysaccha-
ride does not differ appreciably after trypsin
treatment, whereas after hyaluronidase treat-
ment the polysaccharide has been degraded to
small fragments which migrate off the gel.
These fragments are not dialyzable, and they
have a SDS-polyacrylamide migration rate sim-
ilar to or greater than that of a protein of
15,000 molecular weight.
We have shown by chemical analysis that the

amount of uronic acid present in the polysac-
charide constitutes less than 10% of the total
hexose content of the molecule. This may be
enough uronic acid to account for the suscepti-
bility of the polysaccharide to hyaluronidase,
although the preparation of hyaluronidase used
for these experiments was not homogeneous,
and it is possible that one of the minor com-
ponents present contributes to the degradation
of the polysaccharide. However, more highly
purified preparations produced similar results
(A. Pinter, unpublished data).
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The role that the sulfate groups of the glyco-
proteins play is currently under investigation.
The possibility exists that they may have activ-
ity in the binding of virions to cellular receptors,
and they may contribute to some of the anti-
genic determinants of the viral glycoproteins.
They also may protect the viral glycoproteins
from degradation by exoglycosidases, thus in-
creasing the extracellular lifetime of the virions
and consequently their infectivity. The function
of the polysaccharides present on the surfaces of
the various viruses is also unknown. We have
previously suggested that they may be inhibi-
tors of viral infectivity (Compans and Pinter,
Virology, in press), and they may introduce new
antigenic determinants at the virion surfaces.

ACKNOWLEDGMENTS
We thank Lynne R. Martin, Roland E. Stutzman, and

Dianne L. Rosen for excellent technical assistance.
This research was supported by research grants VC-149

from the American Cancer Society, Public Health Service
grants CA 15512 and AI 10884 from the National Cancer
Institute and the National Institute of Allergy and Infectious
Diseases, and GB 43580 from the National Science Foun-
dation.

LIrATURE CITED

1. August, J. T., D. P. Bolognesi, E. Fleissner, R. V. Gilden,
and R. C. Nowinski. 1974. A proposed nomenclature for
the virion proteins of oncogenic RNA viruses. Virology
60:595-601.

2. Bablanian, R., H. J. Eggers, and I. Tamm. 1965. Studies
on the mechanism of poliovirus-induced cell damage. I.
The relation between poliovirus-induced metabolic and
morphological alterations in cultured cells. Virology
26:100-113.

3. Burge, B. W., and A. S. Huang. 1970. Comparison of
membrane protein glycopeptides of Sindbis virus and
vesicular stomatitis virus. J. Virol. 6:176-182.

4. Caliguiri, L. A., H.-D. Klenk, and P. W. Choppin. 1969.
The proteins of the parainfluenza virus SV,. I. Separa-
tion of virion polypeptides by polyacrylamide gel
electrophoresis. Virology 39:460-466.

5. Choppin, P. W. 1969. Replication of influenza virus in a
continuous cell line: high yield of infective virus from
cells inoculated at high multiplicity. Virology
38:130-134.

6. Compans, R. W. 1973. Distinct carbohydrate components
of influenza virus glycoproteins in smooth and rough
cytoplasmic membranes. Virology 55:541-545.

7. Compans, R. W., H.-D. Klenk, L. Caliguiri, and P. W.
Choppin. 1970. Influenza virus proteins. I. Analysis of
polypeptides of the virion and identification of spike
glycoproteins. Virology 42:880-889.

7a. Compans, R. W., and A. Pinter. 1975. Incorporation
of sulfate into influenza virus glycoproteins. Virology
66:151-160.

8. Dische, Z. 1955. New color reactions for the determina-
tion of sugars in polysaccharides, p. 313-359. In D.
Glick (ed.), Methods of biochemical analysis, vol. II.
Interscience Publishers, Inc., New York.

9. Erickson, J. S., and A. S. Kaplan. 1973. Synthesis of
proteins in cells infected with herpesvirus. IX. Sulfated
proteins. Virology 55:94-102.

10. Hay, A. J. 1974. Studies on the formation of the influenza
virus envelope. Virology 60:398-418.

11. Holmes, K. V., and P. W. Choppin. 1966. On the role of
the response of the cell membrane in determining virus
virulence. Contrasting effects of the parainfluenza
virus SV, in two cell types. J. Exp. Med. 124:501-520.

12. Kelley, J. M., S. U. Emerson, and R. R. Wagner. 1972.
The glycoprotein of vesicular stomatitis virus is the
antigen that gives rise to and reacts with neutralizing
antibody. J. Virol. 10:1231-1235.

13. Klenk, H.-D., L. A. Caliguiri, and P. W. Choppin. 1970.
The proteins of the parainfluenza virus SV. II. The
carbohydrate content and glycoproteins of the virion.
Virology 42:473-481.

14. Klenk, H.-D., and P. W. Choppin. 1970. Glycosphingolip-
ids of plasma membranes of cultured cells and an
enveloped virus (SV,) grown in these cells. Proc. Natl.
Acad. Sci. U. S. A. 66:57-64.

15. Klenk, H.-D., R. W. Compans, and P. W. Choppin. 1970.
An electron microscope study of the presence or ab-
sence of neuraminic acid in enveloped viruses. Virology
42:1158-1162.

16. Lai, M. M. C., and P. H. Duesberg. 1972. Differences
between the envelope glycoproteins and glycopeptides
of avian tumor viruses released from transformed and
from non-transformed cells. Virology 50:359-372.

17. Landsberger, F. R., J. Lenard, J. Paxton, and R. W.
Compans. 1971. Spin label ESR study of the lipid-con-
taining membrane of influenza virus. Proc. Natl. Acad.
Sci. U. S. A. 68:2579-2583.

18. McSharry, J. J., and R. R. Wagner. 1971. Carbohydrate
composition of vesicular stomatitis virus. J. Virol.
7:412-415.

19. Maizel, J. V., Jr., D. 0. White, and M. D. Scharff. 1968.
The polypeptides of adenovirus. I. Evidence for multi-
ple protein components in the virion and a comparison
of types 2, 7A, and 12. Virology 36:115-125.

20. Miller, G. L., M. A. Lauffer, and W. M. Stanley. 1944.
Electrophoretic studies on PR8 influenza virus. J. Exp.
Med. 80:549-559.

21. Moroni, C. 1972. Structural proteins of Rauscher leu-
kemia virus and Harvey sarcoma virus. Virology
47:1-7.

22. Naso, R. B., L. J. Arcement, and R. B. Arlinghaus. 1975.
Biosynthesis of Rauscher leukemia viral proteins. Cell
4:31-36.

23. Palese, P., K. Tobita, M. Ueda, and R. W. Compans.
1974. Characterization of temperature sensitive influ-
enza virus mutants defective in neuraminidase. Virol-
ogy 61:397-410.

24. Scheid, A., L. A. Caliguiri, R. W. Compans, and P. W.
Choppin. 1972. Isolation of paramyxovirus glyco-
proteins. Association of both hemagglutinating and
neuraminidase activities with the larger SV, glycopro-
tein. Virology 50:640-652.

25. Scheid, A:, and P. W. Choppin. 1974. Identification of
biological activity of paramyxovirus glycoproteins. Ac-
tivation of cell fusion, hemolysis and infectivity by
proteolytic cleavage of an inactive precursor of Sendai
virus. Virology 57:475

26. Schlesinger, M. J., S. Schlesinger, and B. W. Burge. 1972.
Identification of a second glycoprotein in Sindbis virus.
Virology 47:539-541.

27. Shimizu, K., Y. K. Shimizu, T. Kohama, and N. Ishida.
1974. Isolation and characterization of two distinct
types of HVJ (Sendai virus) spikes. Virology 62:90-101.

28. Tooze, J. 1974. The molecular biology of tumour virdses.
Cold Spring Harbor Laboratory, Cold Spring Harbor,
N.Y.

29. Wagner, R. R. 1974. Reproduction of rhabdoviruses, p.
1-80. In H. Fraenkel-Conrat and R. R. Wagner (ed.).
Comprehensive virology, vol. 4. Plenum Press, New
York.

J. VIRtOL.


