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Virions of infectious pancreatic necrosis virus (IPNV) were completely disintegrated upon dialysis against
salt-free buffers. Direct visualization of such preparations by electron microscopy revealed 5.0- to 6.5-nm-thick
entangled filaments. By using a specific colloidal gold immunolabeling technique, these structures were shown
to contain the viral protein VP3. Isolation by sucrose gradient centrifugation of the filaments, followed by
serological analysis, demonstrated that the entire VP3 content of the virion was recovered together with the
radiolabeled genomic material forming the unique threadlike ribonucleoprotein complexes. In a sensitive
blotting assay, the outer capsid component of IPNV, i.e., the major structural protein VP2, was shown to
specifically bind lectins recognizing sugar moieties of N-acetylgalactosamine, mannose, and fucose. Three
established metabolic inhibitors of N-linked glycosylation did not prevent addition of sugar residues to virions,
and enzymatic deglycosylation of isolated virions using N-glycosidase failed to remove sugar residues of VP2
recognized by lectins. However, gentle alkaline 3 elimination clearly reduced the ability of lectins to recognize
VP2. These results suggest that the glycosylation of VP2 is of the O-linked type when IPNV is propagated in

RTG-2 cells.

Infectious pancreatic necrosis virus (IPNV) is an agent of
contagious fish disease causing high mortality among salmonid
eggs and fingerlings (46). As for all members of the family
Birnaviridae, the naked capsid encloses the two segments of
double-stranded RNA (10, 33). Segment B (2.3 X 10° Da)
encodes the RNA-dependent RNA polymerase VP1 (94 kDa)
(11). The larger segment (segment A, 2.5 X 10° Da) contains
two open reading frames. The short one encodes a 17-kDa
polypeptide identified only in infected cells and not in purified
virions (25). The long open reading frame encodes a 106-kDa
polyprotein which is cotranslationally cleaved by a viral pro-
tease that is contained within the polyprotein (designated NS
or VP4, 29 kDa) into pVP2 (62 kDa) and VP3 (31 kDa) (12,
24,29). pVP2 is further processed during virus maturation into
VP2 (54 kDa), which is the polypeptide constituting the icosa-
hedral capsid (9). The glycosylation of this protein is still a
matter of controversy. Estay et al. (16) were able to show the
existence of N-linked oligosaccharides present on VP2 of viri-
ons propagated in CHSE-214 cells. On the contrary, Perez et
al. (37) could not detect any carbohydrates on the viral pro-
teins expressed in the same cell line. In this study, we have
propagated IPNV in RTG-2 cells, and we found it worthwhile
to investigate if any glycosylation of the virus occurs in this cell
line, since it is possible that different cell lines give rise to
different types of glycosylation, quantitatively and/or qualita-
tively (6, 23). Better knowledge of glycosylation is important
for future studies on the tropism of this virus.

The second major structural protein, VP3, is known to be
absent in empty capsids and is therefore referred to as an
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internal protein (8), but no reports regarding its function and
exact localization inside the virion of IPNV have been pub-
lished. In this investigation, we disrupted virions gently by
incubation in a low-ionic-strength buffer and studied the re-
leased components by serological methods and electron mi-
croscopy (EM).

Analysis of disintegrated virions by EM. Highly purified
IPNV (4), serotype VR-299 (14), was dialyzed for 2 days at
room temperature against a low-ionic-strength buffer (5 mM
Tris-HCI [pH 8.1], 0.2 mM EDTA) in order to gently disinte-
grate the virions. The result, as assessed by negative staining
with 2% uranyl acetate and visualization by EM, was total
disintegration of the viral capsids and quantitative and highly
reproducible release of aggregated filamentous structures (Fig.
1A). Aggregation of the filaments prevented any measurement
of strand length or estimation of the number of aggregated
segments. Upon higher magnification, smaller entities covering
the filaments were visible, thereby creating components with a
thickness of 5.0 to 6.5 nm (Fig. 1B). Their appearance indi-
cated that the structures might correspond to double-stranded
RNA (2 nm) covered by repeated units of a nucleic acid-
binding protein. By using the present preparation technique,
we were not able to detect condensed complexes with a shape
fitting an empty capsid, and we could not observe icosahedral
structures similar to the tentative cores described by Dobos et
al. (9). However, it is quite possible that VP3-RNA cores under
other conditions may be released as more condensed and sub-
virion-like structures that would fit into the cavities seen in
some virus preparations (9). The results of our investigation
indicate that the core structure of IPNV displays similarities to
the established cores of adenoviruses, where highly basic pro-
tein VII is closely and quantitatively associated with the DNA
and is believed to neutralize the negative charges along the
sugar-phosphate backbone of the entire genome (38, 39). Such
adenovirus cores, released from virions, have been visualized
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FIG. 1. Subviral components of IPNV. Visualization by EM of filamentous structures released from virions dialyzed against a low-ionic-strength buffer (A) and an
enlargement of a section of a tentative ribonucleoprotein complex (B) are shown. The horizontal bars indicate 100 (A) and 50 (B) nm. Subviral components labeled
with colloidal-gold-conjugated MAbs against VP3 (C) or VP2 (D) and stained with 2% uranyl acetate before examination by EM are shown. Under the present
conditions, the specimens in panels C and D were stained positively. Bars in panels C and D, 200 nm.
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FIG. 2. Rate zonal sedimentation of intact and disintegrated virions. IPNV
stored in TNE (A) and IPNV dialyzed against low-ionic-strength buffer (B) were
sedimented by sucrose gradient centrifugation. The RNA was measured as tri-
chloroacetic acid-precipitable, [*H]uridine-labeled material, and viral proteins
VP2 and VP3 were identified by MADbs in an ELISA and detected as A4,o. The
specificities of the MAbs are shown in an immunoblot (inset in panel A). IPNV-
infected RTG-2 cells were run in lanes 1 and 2, and purified IPNV was run in
lane 3. Proteins in lane 1 were displayed by a MADb against VP2 (14/2d, also
recognizing pVP2), those in lane 2 by a MAb against VP3 (1/2f-3), and the
proteins in lane 3 were revealed by an anti-IPNV specific serum. Material of the
fraction from the sucrose gradient sedimentation of disintegrated virions con-
taining the highest concentrations of VP3 and RNA was observed by negative
staining and EM (C). Bar, 50 nm.

by EM and reveal an appearance similar to that of the ribo-
nucleoprotein complexes released from disrupted IPNV (34).

To identify the viral proteins of the released filaments, dis-
integrated virions were adsorbed to carbon-coated copper
grids that were subsequently placed face down for 10 min on
top of 30-pl droplets of suspensions of mouse immunoglobulin
G (IgG) monoclonal antibodies (MAbs) against VP3 or VP2
(both produced in this laboratory [15]; Fig. 2A, inset) or total
mouse IgG, all bound to protein A colloidal gold (10 nm;
Sigma Chemical Co., St. Louis, Mo.), and diluted in phos-
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phate-buffered saline (PBS) containing 1% bovine serum al-
bumin (BSA) and 0.02% sodium azide. After being washed
three times in PBS, the specimens were stained with 2% uranyl
acetate. With this preparation technique, using 1% BSA to
quench the grid and to avoid unspecific protein-protein bind-
ing, uranyl acetate functions as a positive stain of the specimen
(3, 34). The highly specific binding of MAbs against VP3 to the
filaments strongly suggests that VP3 was a component of the
structures released from disrupted virions (Fig. 1C). The ag-
gregation of these structures into larger and more contracted
complexes was most likely due to excessive amounts of uncon-
jugated antibodies that were still present. Neither MAbs
against VP2 (Fig. 1D) nor total mouse IgG (data not shown)
caused any labeling or aggregation of the filaments, and con-
sequently, these structures were almost undetectable in the
quenching film of BSA covering the grid.

Rate sedimentation analysis of disintegrated virions. The
existence of RNA in the filamentous structures observed by
EM was investigated by rate zonal centrifugation of [*H]uri-
dine-labeled disintegrated and intact virions. Runs were made
in sucrose gradients consisting of 2 X 1.8 ml of 10 to 25%
(wt/vol) sucrose in TNE buffer (10 mM Tris-HCI [pH 7.5], 100
mM NaCl, 1 mM EDTA) layered on top of 800-ul cushions of
CsClI at 50% relative saturation and 20% (wt/vol) sucrose in
TNE buffer. Samples of 150 to 300 pl were applied on top of
the gradients, and centrifugations were carried out at 23,000
rpm (49,500 X g) for 6 h in an SW50.1 rotor at 10°C. The tubes
were punctured, and fractions were collected dropwise from
the bottom. Screening for virus-specific proteins was done by
enzyme-linked immunosorbent assay (ELISA) using MAbs
against VP2 and VP3. Radiolabeled RNA was quantified as
trichloroacetic acid-precipitable material in a liquid scintilla-
tion spectrometer. Viral components released from the puri-
fied virions upon disintegration in the low-ionic-strength buffer
were recovered in two major regions (Fig. 2B). The faster-
migrating material consisted of the comigrating total detect-
able VP3 and RNA contents of the virus, whereas the released
VP2 quantitatively remained on top of the gradient in a non-
sedimentable form (Fig. 2B). In a parallel centrifugation, intact
virions sedimented onto the high-density cushion at the bottom
of the tube (Fig. 2A). The strong signal of the MAbs against
VP3 is noteworthy, bearing in mind the suggested inner loca-
tion of this polypeptide. The recognition of VP3 could be due
to possible disruption of intact virions upon attachment to the
plastic surface of the ELISA plates. Another possibility is that
some part of VP3 is exposed on the surface of the virion since
MADs against VP3 have been shown to contain neutralizing
capacity (44) and also to recognize VP3 on purified IPNV in
ELISAs, as well as in immunodot assays (5). Furthermore,
antibodies against VP3 from total anti-IPNV serum have been
demonstrated to adsorb to intact virions (36).

Material recovered from fractions of the rate sedimentation
analysis of disintegrated virions, containing cosedimenting
VP3 and RNA, was visualized by EM, which unequivocally
demonstrated the existence of filaments. These filaments ap-
peared to be less aggregated and thinner (3 to 4 nm) (Fig. 2C)
than prior to the rate zonal sedimentation (Fig. 1A). However,
since no VP2 was detectable in the condensed form of the
filaments by labeling with antibody-gold conjugates, and also
since VP3 was still quantitatively associated with the radiola-
beled RNA after sucrose gradient centrifugation of disrupted
virions, it is most plausible that the decrease in thickness was
simply due to relaxation of the more condensed form caused by
the environment of the higher ionic strength of the sucrose
gradients.

Our results suggest that VP3 is intimately associated with the



VoL. 73, 1999

TABLE 1. Carbohydrate specificities of lectins”
Carbohydrate specificity”

BSL ..o a- or B-linked GIcNAc

Lectin®

ConA a-linked mannose

DBA. ...a-linked GalNAc

DSL. ....(B-1,4)-linked GlcNAc

ECL. ....Galactosyl (B-1,4)-linked GlcNAc
Jac... ....O-linked galactosyl (B-1,3)-linked GalNAc
LEL. ....GIcNAc

PNA ....Galactosyl (B-1,3)-linked GalNAc
RCA. ....Galactose

SBA ....GalNAc

STL .. ....GIcNAc

UEA. a-linked fucose

VVA.. a- or B-linked GalNAc

WGA GlcNAc

“BSL, Bandeiraea simplicifolia lectin 1I; DBA, Dolichos biflorus agglutinin;
DSL, Datura stramonium lectin; Jac, jacalin; LEL, Lycopersicon esculentum lec-
tin; PNA, peanut agglutinin; RCA, Ricinus communis agglutinin; STL, Solanum
tuberosum lectin; VVA, Vicia villosa agglutinin. The other abbreviations are
defined in the text.

b Carbohydrate specificities of lectins according to the manufacturer (Vector
Laboratories) and Sharon and Lis (41). Only sugars with the highest specificities
are listed, although some of the lectins can bind other carbohydrates but to a
lesser extent.

segments of viral RNA. The diameter of the filaments, as
observed in freshly disintegrated particles, implies that VP3 is
in a low-molecular-weight form attached to the entire RNA
segments. VP3 displays a pl of 6.6, which is the highest value
among the proteins of IPNV (16), and of the last 43 carboxy-
terminal amino acid residues, 25% consist of the basic amino
acids arginine and lysine (12), and it is logical to believe that
this part of the protein is associated with the viral genome. For
infectious bursal disease virus, another member of the Birna-
viridae family with biophysical and biochemical characteristics
similar to those of IPNV, it has been proposed that VP3 may
be a constituent of the capsid with the highly basic carboxy-
terminal end associated with the RNA genome (2, 21). From
our investigation, it is not possible to ascertain if VP3 is a part
of the capsid, and as mentioned above, VP3 is not a constituent
of empty capsids of IPNV (8). During the low-ionic-strength
dialysis of virions, the capsids were totally disintegrated and no
VP2 could be detected in the filaments with gold-labeled an-
tibodies. This indicates that the binding of VP2 to VP3, if there
is any, is weaker than the VP3-RNA association under the
present conditions.

Lectin-binding properties of IPNV polypeptides. To detect
any carbohydrates present on the proteins of highly purified
virions, we used 14 different lectins (Table 1) in a sensitive
lectin-blotting assay. The possibility of contaminating proteins
being copurified with virions was minimized by an additional
step of purification in which virions were briefly treated with
0.3% Tween 20 and reisolated by isodensity centrifugation.
Subsequently, the viral polypeptides were separated by sodium
dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis
(PAGE) (26) and transferred to nitrocellulose membranes. To
increase the sensitivity and specificity of the assay, the mem-
branes were blocked with 2% polyvinylpyrrolidone (molecular
weight, 44,000; BDH Laboratory Supplies, Poole, England) in
PBS-0.05% Tween 20 overnight at 4°C (1). The membranes
were mounted in a Mini-protean II multiscreen device (Bio-
Rad Laboratories, Richmond, Calif.) and biotinylated lectins
(Lectin Screening Kits I and III; Vector Laboratories, Inc.,
Burlingame, Calif.) with a variety of sugar specificities (Table
1) were added to the channels at a concentration of 2 pg/ml in
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2% polyvinylpyrrolidone-PBS-0.05% Tween 20. Lectins rec-
ognizing any glycoprotein upon incubation for 2 h at 22°C were
detected by incubation of the carefully washed membranes
with avidin conjugated with alkaline phosphatase and devel-
oped by standard procedures. None of the lectins was able to
bind at the 30,000-M, position corresponding to VP3, and this
protein can therefore be considered an internal negative con-
trol. At the 54,000-M, position of VP2, several lectins bound
with different specificities (Fig. 3; Table 1), suggesting the
existence of oligosaccharides on VP2. Although the binding
capacity differed from lectin to lectin, it was clear that lectins
preferentially recognizing N-acetylgalactosamine (GalNAc),
e.g., Dolichos biflorus agglutinin, jacalin, peanut agglutinin,
soybean agglutinin (SBA), and Vicia villosa agglutinin, bound
significantly stronger than lectins with their highest specificity
toward N-acetylglucosamine (GlcNAc), e.g., Bandeiraea sim-
plicifolia lectin, Datura stramonium lectin, Lycopersicon escu-
lentum lectin, Solanum tuberosum lectin, and wheat germ ag-
glutinin (WGA) (41; Vector Laboratories). This is interesting
because GalNAc is the most-studied saccharide bound to the
amino acid serine or threonine by O linkage and GlcNAc is the
most abundant sugar in the core of N-linked oligosaccharides.
Consequently, the binding pattern of the lectins implies O-
linked glycosylation of VP2. Erythrina cristagalli lectin (ECL) is
one of the lectins giving a strong signal at the position of VP2,
and although ECL has its highest binding activity toward galac-
tosyl (B-1,4)-linked N-acetylglucosamine, this lectin requires a
galactose constituent in all bindings, again supporting the
former general binding pattern (Vector Laboratories). Other
sugars indicated to be present on VP2 were fucose and man-
nose, binding Ulex europaeus agglutinin (UEA) and concanava-
lin A (ConA), respectively (Fig. 3; Table 1). In an earlier study,
the presence of mannose in IPNV replicated in CHSE-214
cells was detected with the lectin ConA (16). Furthermore,
radiolabeled mannose is incorporated into the virus particles if
added 7 h postinfection (p.i.) (16). However, if labeled man-
nose is added in the final stage of virus replication (at 16 h p.i.)
(27), no labeling is found in the virions (37). This lack of
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FIG. 3. Lectin blot of virion polypeptides. IPNV was purified by an addi-
tional step of isodensity centrifugation after detergent treatment. Upon SDS-
PAGE of the recovered virus and transblotting of the polypeptides to a nitro-
cellulose membrane, carbohydrates were monitored with 14 different lectins. The
total amount of virion proteins subjected to SDS-PAGE was 67 ng per channel
(42). The specificities of the different lectins are explained in Table 1. The
positions of the viral proteins were detected with a polyclonal serum against
IPNV (oIPNV). For definitions of abbreviations, see the text and Table 1,
footnote a.
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labeling could be due to the fact that glycosylation of proteins
is a posttranslational modification carried out before the final
assembly of the virions. In a control experiment, we therefore
had [*H]mannose (20 wCi/ml, 28.0 Ci/mmol) present in the
culture medium from 1 h p.i. until harvest 70 h later. Virus was
isolated and purified upon the occurrence of a total cytopathic
effect on the cells, and the viral polypeptides were separated by
SDS-PAGE. Quantification of radioactivity upon CuCl, stain-
ing and alkaline hydrolysis of gel pieces containing the
polypeptide bands revealed that 92% of the radioactivity was
confined to the polypeptide of VP2 and 8% was in the region
of polypeptides VP3 and VP3a, thus clearly demonstrating the
presence of mannose residues associated with VP2 in virus
propagated in RTG-2 cells. Furthermore, the label distribution
also showed that mannose was not significantly metabolically
degraded and reused in protein synthesis, although the label
was allowed to be present for an excessive period of time.

Metabolic inhibition of glycosylation. The biosynthetic
events leading to virion glycosylation were investigated in the
presence of three selected drugs that inhibit identified steps
during the process of N-linked glycosylation. It would have
been desirable to employ a drug with a documented effect only
on O-linked glycosylation in this study, but no such drug is
available. At 1 h p.i., the following drugs were added to sepa-
rate cell culture flasks: 5- and 10-p.g/ml tunicamycin (Sigma), a
transferase inhibitor blocking the first step in the dolichol
pathway; 3 mM deoxymannojirimycin (Calbiochem-Novabio-
chem Corp., La Jolla, Calif.), a mannose analogue inhibiting
mannosidase; and 4 mM N-methyl-1-deoxynojirimycin (Sig-
ma), an inhibitor of a-glucosidase (13, 18, 40). Upon the oc-
currence of an apparent cytopathic effect (3 days p.i.), the virus
was purified by NaCl-polyethylene glycol precipitation (10),
and the total yield was determined quantitatively as A,q,.
Equal amounts of virus were analyzed by SDS-PAGE and
subsequent transblotting of the polypeptides. For practical rea-
sons, purification by precipitation was selected since several
and different virus pools with low virus content were processed
separately and at the same time. The extent of glycosylation,
revealed as lectin binding, was monitored with the lectins SBA,
ConA, and UEA, which recognize GalNAc, mannose, and
fucose, respectively. These three sugars are found at different
positions in common oligosaccharides. GalNAc is frequently
found attached to the hydroxyl group of serine or threonine by
O linkage, mannose is detected mostly in inner cores of N-
linked oligosaccharides, and fucose is a terminal sugar (6, 31).
Figure 4 shows that no quantitative differences in the carbo-
hydrate contents of VP2 newly synthesized in the presence of
any of the drugs could be detected by the selected lectins,
suggesting a non-N-linked mechanism of glycosylation. These
results do not agree with the results obtained by Estay et al.
(16), who found a decrease of VP2-linked carbohydrates in the
presence of tunicamycin at 2 pg/ml when it was added to
CHSE-214 cells at 4 h p.i. In the present investigation, the
highest concentration of tunicamycin was 10 pg/ml, and even
though this concentration was shown to be toxic to the cells,
reducing viability by 50% after 48 h of cell growth in the
presence of the drug (data not shown) and, accordingly, result-
ing in a decreased virus yield, the relative amount of glycosy-
lated VP2 was constant. The finding that the replication of
IPNV per se is insensitive to tunicamycin, which has been
reported by both Estay et al. (16) and Perez et al. (37), sup-
ports this observation.

The inhibitory effect of tunicamycin was verified by growing
RTG-2 cells for 48 h in the presence of the drug and [*H]
mannose. The level of mannose incorporation, measured as
specific radioactivity in counts per minute per microgram of

J. VIROL.

SBA
s .
o°b & t§§‘§§§ 0&0

S
t I

e

Con A

&o‘b

FIG. 4. Effects of inhibitors of glycosylation. Virus-infected cells were treated
with the following glycosylation inhibitors added at 1 h p.i.: 10-pg/ml tunicamycin
(tun), 3 mM deoxymannojirimycin (dMM), and 4 mM N-methyl-1-deoxynojiri-
mycin (MdN). The two controls were virus replicated in the absence of any drug
(no drug) and mock-infected cells treated in the same way as the infected cells,
without any drug (uninf.). The latter material was recovered from positions in a
CsCl gradient corresponding to the viral bands in gradients separating virus-
containing material. To each SDS-PAGE lane, 0.30 pg of purified virion
polypeptides (42) was applied, and three different lectins were selected for the
detection of lectin-binding proteins (SBA, UEA, and ConA, recognizing Gal-
NAc, fucose, and mannose, respectively). A polyclonal serum against IPNV was
used for detection of viral proteins.

protein, was reduced to 82% when the commonly used con-
centration of tunicamycin (2 pg/ml) (28, 30, 35) was added and
to 0.8% in the presence of the excessive tunicamycin concen-
tration of 10 pg/ml, thus demonstrating the anticipated effect
of the drug.

Deglycosylation of VP2. The enzyme N-glycosidase F
(Boehringer GmbH, Mannheim, Germany) cleaves all types of
asparagine-linked carbohydrates (43) and was used to further
analyze the lectin-binding properties of the virus. IPNV was
purified by an additional centrifugation step as described
above and quantified spectrophotometrically as described by
Smith et al. (42) to yield data on total protein content. The
lyophilized virus was reconstituted in phosphate buffer (0.1 M
sodium phosphate [pH 7.2], 10 mM EDTA, 0.02% sodium
azide) containing 0.5% SDS and 5% 2-mercaptoethanol. The
calculated amount of IPNV protein in each sample was 3 g,
and the concentration was 0.25 pg/nl. The samples were de-
natured by boiling prior to reduction of the SDS concentration
to 0.1% by adding additional phosphate buffer, and to further
prevent inactivation of the enzyme by SDS, octyl-glucoside was
added to a concentration of 1% (20). Finally, the samples were
incubated with N-glycosidase F (30 U/ml) overnight at 37°C.
Evaluation of the enzymatic reactions by SDS-PAGE, followed
by lectin blotting, showed that even a high ratio of N-glycosi-
dase F to virion proteins under extreme conditions did not
affect the assessed levels of VP2 glycosylation (Fig. 5). Faint
bands of viral proteins migrating faster than VP2 after being
subjected to N-glycosidase F treatment were unveiled with the
anti-IPNV serum. This indicated a low level of proteolytic
degradation rather than deglycosylation, since the increase in
the rate of migration is too large to simply mirror a loss of
sugar residues. The enzyme itself is glycosylated and is there-
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FIG. 5. Enzymatic deglycosylation of purified IPNV. Virions of IPNV were
treated with N-glycosidase F (+) or left untreated (—). Transferrin treated in the
same way was used as a control. Separation of the polypeptides by SDS-PAGE
was followed by transblotting and detection with a polyclonal serum against
IPNV (aIPNV) and SBA. VP2 and VP3 indicate the positions of the viral
polypeptides, whereas PNGase F indicates the position of N-glycosidase F, which
is also recognized by SBA.

fore visualized in the lectin blot as a band corresponding to an
M. of 34,000. The proper function of the enzyme was demon-
strated by complete deglycosylation of human transferrin re-
garding carbohydrates recognized by SBA (Fig. 5). Transferrin
possesses two N-linked complex carbohydrate chains with an
inner core of GlcNAc and mannose and outer chains contain-
ing GlcNAc, galactose, and sialic acid (7).

The inability of N-glycosidase F to remove the carbohydrates
from VP2 further strengthened the indication that the linkage
between the carbohydrates and the polypeptide was of an O-
linked type. To show this, an effort was made to find a suitable
assay for the exclusion of O-linked carbohydrates. A commer-
cially available O-glycosidase, O-glycopeptide endo-p-galacto-
syl-N-acetyl-a-galactosamino hydrolase (EC 3.2.1.97; Boehr-
inger), recognizing the disaccharide Galp3GalNAc and the
trisaccharide Fuca2GalB3GalNAc (23, 45), was applied, but
even with excessive concentrations of the enzyme and after
prolonged periods of incubation, the optimal conditions for
this enzyme were not found (data not shown). We therefore
selected a pure chemical deglycosylation assay utilizing the
sensitivity of the linkage between glycans and serine or threo-
nine toward alkaline B elimination (23, 31). Conditions were
optimized, and the lyophilized virus was subsequently recon-
stituted with 5 mM NaOH and 1 M NaBH, and incubated for
20 h at 37°C in a toluene atmosphere (17). By using this mild
treatment, degradation of the proteins was minimized. The
reaction was stopped by pH neutralization with HCI and cool-
ing of the samples at 4°C. The amount of carbohydrates still
present was revealed by lectin blotting using IPNV incubated
with PBS as a control. Any protein degradation or increase in
the migration rate as a consequence of the treatment was
detected with anti-IPNV serum. As expected, the N-linked
carbohydrates of transferrin used as a negative control were
unaffected by this treatment, whereas the positive control, the
fiber of human adenovirus type 2 (Ad2), was totally deglyco-
sylated (Fig. 6). This virus contains GlcNAc, which is strongly
recognized by WGA. However, the linkage to the protein moi-
ety is not, as expected, of the N-linked type but is established
as a so-called dynamic O linkage (19, 22).

Although the amount of VP2, as detected by anti-IPNV
serum, was constant upon B elimination, the carbohydrate
content of VP2 was clearly reduced (Fig. 6), indicating that the
VP2 of virions propagated in RTG-2 cells possessed O-linked
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FIG. 6. Detection of polypeptides and carbohydrates after alkaline B elimi-
nation. Lyophilized samples of IPNV, human Ad2, and transferrin (transf.) were
incubated at 37°C for 20 h in 5 mM NaOH with 1 M NaBH, (+) or in PBS (—)
as described in the text. Analysis by SDS-13% PAGE was followed by transblot-
ting and detection with antiserum («IPNV and afiber are antibodies against the
glycosylated 62-kDa fiber protein of Ad2) or with lectins (SBA and WGA). The
amount of IPNV polypeptides applied to each lane was 0.37 pg, and those of the
controls Ad2 and transf. were 3.3 and 0.5 ug, respectively.

oligosaccharides. Removal of the established small quantity of
GlcNACc residues of the Ad2 fiber, three to four molecules per
fiber molecule (32), revealed a minimal effect on the migration
rate on SDS-13% PAGE. Likewise, the migration of VP2 was
unaffected upon B elimination (Fig. 6), also suggesting small
quantities of carbohydrates.

It was not in the scope of this investigation to determine the
exact residue composition of the oligosaccharides; however,
the lectin assay implies the presence of GaNAc, mannose, and
fucose. In recent years, a large number of novel carbohydrate
structures, monosaccharide constituents as well as new link-
ages between carbohydrates and the peptide backbones, have
been discovered. For N-linked carbohydrates, the most abun-
dant amino acid sequence required is NXS/T, and IPNV has
four of these sequences in VP2 that theoretically could be
suitable for glycosylation (8). However, our results indicate
that the glycosylation of VP2 is O linked when virions are
propagated in RTG-2 cells, and for O-linked carbohydrates, it
is the linkage between GalNAc and serine or threonine that is
best known, and any further amino acid requirements in a
specific motif to establish this linkage are not known.
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