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Four different glycopeptides can be distinguished after pronase digestion of
influenza A virus glycoproteins: Ia and Ib, containing N-acetylglucosamine, man-
nose, galactose, and fucose, and Ila and IIb, containing mannose and N-acetylglu-
cosamine. All glycopeptides yielded N-acetylglucosaminyl-asparagine after mild
acid hydrolysis. There was no evidence for O-glycosidic bonds. Thus, the carbo-
hydrate complement is linked to the polypeptide exclusively by N-glycosidic
linkages between N-acetylglucosamine and asparagine.

In glycoproteins of animal origin, mainly two
linkage types between carbohydrate and poly-
peptide have been described: O-glycosidic bonds
to serine and threonine and N-glycosidic link-
ages to asparagine (7, 12). In the present study
an analysis was carried out to answer the ques-
tion of whether both or only one linkage type
exists in the glycoproteins of influenza virus.

Two different influenza A viruses have been
analyzed, the Dutch strain of fowl plague virus
(FPV) (HaviNeql), grown in chicken embryo
fibroblasts, and the vaccine strain MRCI12
(H3N2), derived from eggs. Virus growth, label-
ing with radioactive isotopes, virus purification,
isolation of viral glycoproteins, and preparation
of glycopeptides by pronase digestion followed
by chromatography on Bio-Gel P6 columns were
performed essentially as described previously
(13, 14).

In previous studies two major types of glyco-
peptides could be distinguished in influenza vi-
rus glycoproteins: type I, containing N-acetyl-
glucosamine, mannose, galactose, and fucose,
and type II, containing only mannose and N-
acetylglucosamine (5, 11, 14). Presumably due
to a new batch of Bio-Gel P6, better resolution
of the glycopeptide peaks was achieved in the
present study, and types I and II could be further
separated into subtypes Ia, Ib and Ila, IIb, re-
spectively. Figure 1 shows the glycopeptide pro-
files obtained from FPV. Molecular weights were
determined as described previously (14) and
found to be 3,000, 2,400, 1,800, and 1,100 for Ia,
Ib, Ila, and IIb, respectively. The profiles dem-
onstrate that glucosamine and mannose are
present in all glycopeptides even though in dif-

ferent proportions. Galactose and fucose (data
not shown) are incorporated only in types Ia and
Ib. The glycopeptides can also be labeled with
amino acids, and Fig. 1C shows the incorporation
of radioactive asparagine. Similar results were
obtained with [“C]threonine and ["*C]serine
(data not shown). Acid hydrolysis and thin-layer
chromatography revealed that the label was
present in its original form in the glycopeptides.
Analysis of isolated glycoproteins demonstrated
that hemagglutinin fragment HA, contains only
types Ia and Ib, whereas all four types are pres-
ent on HA; and on the neuraminidase.

Four glycopeptides were also obtained when
unlabeled MRC12 virus was analyzed. Their mo-
lecular weights (3,200, 2,400, 1,700, and 900, re-
spectively) were similar but not identical to
those of FPV. Again, type II glycopeptides
showed a particularly high mannose content
(Fournet and Schwarz, unpublished data).
Amino acid analysis by the Dansyl-Edman pro-
cedure described by Chen (3) revealed that Ia
contained valine, proline, asparagine, and thre-
onine, Ib contained asparagine, threonine, pro-
line, and isoleucine, and Ila contained aspara-
gine and threonine. Thus, even though only four
amino acids are found, asparagine is present in
each glycopeptide. Analysis of the N-terminal
and subterminal amino acids revealed hetero-
geneity in the peptide structure of both types Ia
and Ib. This heterogeneity reflects variability
either in the site of pronase cleavage (4) or in
the amino acid sequence at the site of carbohy-
drate attachment.

Due to their different chemical properties, N-
and O-glycosidic linkages can be characterized
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F16. 1. Chromatography of FPV glycopeptides on
Bio-Gel P6. Purified virus particles labeled with
either p-[2-°H]mannose, p-[1-'*C]glucosamine, or L-
[U-“C]asparagine were purified and treated with
pronase. Fractions of 0.5 ml were collected.

by specific hydrolysis and derivation of the re-
sulting products. The N-glycosidic bond is rela-
tively stable to acid treatment when compared
to O-glycosidic bonds occurring in oligosaccha-
rides (12). It is therefore possible to obtain N-
acetylglucosaminyl-asparagine by partial acid
hydrolysis (8, 12). This compound can be iden-
tified by chromatographic procedures either di-
rectly or after chemical derivation. Such an anal-
ysis was performed on nonlabeled glycopeptides
Ia, Ib, and IIa of MRC12 virus. Figure 2 shows
that under appropriate conditions dansylated N-
acetylglucosaminyl-asparagine can be obtained
from type Ila glycopeptide. Similar results were
obtained with types Ia and Ib.
N-Acetylglucosaminyl-asparagine can be
identified without dansylation if one of its con-
stituents is radioactively labeled. Such an anal-
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ysis has been performed on glycopeptides de-
rived from purified glycoproteins labeled with
[**C]glucosamine. Figure 3 shows the results ob-
tained with glycopeptide Ila of glycoprotein
HA:;. The formation of glucosaminyl-asparagine
and N-acetylglucosaminyl-asparagine demon-
strates the existence of an N-glycosidic linkage.
Similar results were obtained for all glycopep-
tides except ITb (which was present in too small
amounts) isolated from each individual glyco-
protein. Quantification of the data by scanning
of the thin-layer plates gave information on the
ratio of total glucosamine to asparagine-bound
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F1G. 2. Detection of N-acetylglucosaminyl-aspar-
agine in glycopeptide Ila from MRC12. Dansylation
was carried out by the method of Chen (3). Thin-layer
chromatography was performed on silica gel plates
(Merck, Germany) using methyl acetate-isopropanol-
25% aqueous ammonia (45:30:20) as a solvent (15). N-
Acetylglucosaminyl-asparagine was obtained from
Vega-Fox Biochemicals, Tucson, Ariz. (1) N-Acetyl-
glucosaminyl-asparagine reference, dansylated. (2)
N-Acetylglucosaminyl-asparagine reference treated
with 2 N HCI for 20 min at 100°C prior to dansylation.
(3) (@) Glycopeptide heated with water for 20 min at
100°C prior to dansylation; (b) glycopeptide hydro-
lyzed with 2 N HCI for 20 min at 100°C prior to
dansylation; (c) glycopeptide hydrolyzed with 6 N
HCI for 2 h at 100°C prior to dansylation. (4) Aspartic
acid reference after dansylation. (5) Asparagine, dan-
sylated.
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F1G. 3. Detection of N-acetylglucosaminyl-aspar-
agine in glycopeptide Ila from HA; of FPV. Glyco-
peptide Ila labeled with [MC]glucosamine was sub-
Jected to mild hydrolysis and subjected to two-dimen-
sional chromatography on cellulose thin-layer plates.
First dimension: isopropanol-formic acid-water (60:
4:20). Second dimension: 75% phenol, gas phase
equilibrated with vapors of a 3% solution of aqueous
ammonia (2). Plate was exposed for 5 weeks on Kodak
X-Omat R film XR5. ®, Origin; 1, glucosamine; 2, N-
acetylglucosamine; 3, N-acetylglucosaminyl-aspara-
gine; 4, glucosaminyl-asparagine.

daimension

glucosamine. For types Ia, Ib, and Ila the ratios
were 7:1, 5.7:1, and 2.7:1, respectively. Thus,
there appear to be about seven glucosamine
residues in type Ia, five to six in Ib, and two to
three in Ila.

Carbohydrate side chains linked to serine and
threonine by O-glycosidic bonds can be released
from the polypeptide by treatment with alkali
and reducing agents in a 8-elimination reaction
(Fig. 4) (12). Serine is converted under these
conditions into alanine, and threonine is con-
verted into a-aminobutyric acid. Serine and
threonine not involved in O-glycosidic bonds are
not converted. When FPV glycopeptides labeled
with either [“Clthreonine or [“C]serine were
subjected to such treatment, rechromatography
on Bio-Gel P6 revealed that about 15% of the
radioactivity was converted into short peptides,
as they might be expected to occur after -
elimination. However, analysis of the hydroly-
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sates of these peptides revealed that the label
was still present as serine and threonine, respec-
tively. O-Glycosidic bonds to serine and threo-
nine show an increased stability against alkali
treatment when these amino acids are terminal
in a peptide (9, 12). Therefore, we have also
analyzed tryptic peptides in which these amino
acids are less likely to be terminal. However, the
results were similar to those obtained with the
glycopeptides resulting from pronase digestion.

Glycopeptides are fragments of glycoproteins
which contain only a small proportion of the
polypeptide moiety, namely, the attachment
sites of the carbohydrate side chains. Glycopep-
tides are thus a suitable substrate for studies on
the linkage between protein and carbohydrate.
Our data show that acid hydrolysis yields N-
acetylglucosaminyl-asparagine that can be de-
tected either in the form of its dansyl derivative
or by radioactive labeling. Prolonged treatment
with mild alkali also leads to some degradation
of the glycopeptides. However, this degradation
was not due to 8-elimination involving serine or
threonine. We have therefore not obtained evi-
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F16. 4. Amino acid analysis of degradation prod-
ucts obtained after alkali treatment of FPV glycopep-
tides. Mixtures of FPV glycopeptides labeled with
either ["C]serine or [MC]threonine were treated for
4 days with 0.1 N NaOH-0.3 M NaBH, at 4°C. In the
case of threonine-labeled material, PdCl, was pres-
ent. The reaction mixture was rechromatographed on
Bio-Gel P6, and newly formed low-molecular-weight
material was hydrolyzed with 6 N HC! for 15 h at
105°C. Chromatography was done in isopropanol-
formic acid-water (80:4:20) on cellulose thin-layer
plates (Merck, Germany) (2). (A) Material obtained
from glycopeptides labeled with [**C]serine. (B) Ma-
terial obtained from glycopeptides labeled with
["C]threonine. Reference substances: a, serine; b,
alanine; c, threonine, d, a-aminobutyric acid.
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dence for the existence of O-glycosidic linkages.
Thus, we have demonstrated here that in influ-
enza virus glycoproteins the carbohydrate side
chains are attached to the polypeptide exclu-
sively by N-glycosidic linkages between aspara-
gine and N-acetylglucosamine. The absence of
O-glycosidic linkages in the influenza virus neur-
aminidase has been shown before (1), but direct
analysis of the N-glycosidic linkage was not done
in that study. The influenza virus glycoproteins
resemble, therefore, egg albumin, orosomucoid,
ovomucoid, thyroglobulin (12), and the G pro-
tein of vesicular stomatitis virus (10) in contain-
ing only N-glycosidic linkages, and they differ
from some types of immunoglobulins and gly-
cophorin (6), which contain both N-glycosidic
and O-glycosidic linkages.
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